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ABSTRACT
A series of six main programs and eighteen. associated subroutines
is presented whichcovers most of the crystallographic computational
requirements likely to arise in electron microscopy. The programs are
designed to handle all crystal systems.
The programs are written in FORTRAN-4, specifically to be run on
an IBM360 computer using the FORTRAN H compiler. Where this is likely

to cause difficulties in portability, the problems are mentioned in the text.
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1. INTRODUCTION

The programs and subroutines contained in this report were developed
over a number of years as a self-contained set of procedures to handle
almost any prcblem in ¢rystallography likely to arise in electron micro-
SCopy.

The eighteen subroutines have been divided into four groups dealing
respectively with crystal geometry, crystal structure, érystal indices
and general problems, Six main programs have been included to cover the
major computations required; any further main programs can then be written
with minimum difficulty by using the subroutines, as illustrated by the
program DTUBMS,

Following this introduction, which discusses portability problems,
arithmetic precision, and program elaboration, are two sections outlining
the subroutines and main programs; these are listed in Appendices A and B
respectively. Appendix C is in two parts which give examples and a listing
of typical input to the programs. Because of the volumincus output
produced, only selected portions are given in Appendix D, in order to
illustrate the output format.

The procedures have been written in FORTRAN-4 for the IBM-H compiler.
Use has been made of the facility available in this compiler for assigning
values other than .TRUE. or ,FALSE. to LOGICAL*®1 variables (variables
occupying 1 storage byte). This has been used in subroutine LABAL to form
two character strings of one word length each (4 storage bytes). If the
user's compiler does not include this facility, this subroutine will have
to be rewritten in ASSEMBLER or the four numbers plotted separately.

Floating point arithmetic is carried out in double precision, giving
a nominal accuracy of 14 digits. The sole reason is to minimise summation
errors in structure factor calculations. Single precision accuracy (6 to
7 digits) may give sufficient accuracy. All other subroutines should run
satisfactorily if the real variables and functions are redefined to
standard length.

Some elaboration is included within the programs and subroutines;
for example, it is possible to specify the order in which indices will be
incremented. In all cases, default options are built in if the-option is
not exercised.

A word of caution should be given about the elaboration available in
the subroutines and programs,specifically about the use of systematic

absences. Tf, for instance, a table of angles or d-spacings is being



computed for a close packed hexagonal crystal and the systematic absence
parameter KABS is specified as H on the index parameter card, then the
index set (1121) is rejected but (2242) is passed. The plane (11%21) is a
valid plane and should be included in a table of d-spacings and is easier
to find in a table of angles than the (2242) entry. Systematic absences
are automatically rejected in program STRFSB and thus need not be specified.

When calculating tables, the value of KABS should always be specified
as primitive (the default option) although the programs have been written
to allow use of this parameter if it is so desired. Use of the systematic
absence option is certainly justified to prevent clutter on a stereographic
projection, and to reject non-allowed curves on Kossel and Kikuchi patterns.
2. SUBROUTINES

2.1 Subroutines Relating to Crystal Geometry

There are four subroutines in this class. The first of these, XTLSYS,
is used to define the crystal system under consideration. IDCALC is a
subroutine with multiple entry points which performs commonly required
caleculations, such as interplanar spacings or angles between directions.
Subroutine TCSET is used to transform crystallographic planes and directions
from a general (triclinic)erystal system to cartesian {cubic) coordinates.
Input of PERP2 is a set of general indices for a plane and the output is
indices of two directions lying in this plane. If the coordinates are
cartesian, then the input and output indices are mutually perpendicular.

2.1.1 Subroutine XTLSYS

The first requirement in any computation is to define the crystal
system under consideration. This is carried out by subroutine XTLSYS
whicb reads one card containing the crystal parameters A, B, C, o, B, Y
and ‘the name or identification (maximum of 20 characters) according to
the format (6F 10.0, 5A4). Only those parameters actually required to
specify the crystal system need to be punched; for example, only A, C
and 120.0 in the y field need to be specified for hexagonal crystals.
The subroutine will set unspecified parameters as needed and return a
aumber from 1 to 8 in the integer variable NSYS to signify the crystal
system. The occurrence of 8 rather than 7 erystal systems is brought
about by the distinction of 2 alternative settings for the monoclinic
system as outlined by the International Union of Crystallography [1965].

The crystal systems are summarised in Table 1.



TABLE 1

N5YS Crystal System Specify

1 Cubic a

2 Rhombohedral aoa

3 Tetragonal ac

4 Hexagonal acy = 120,
5 Orthorhombic abec

6 Monoclinie 1 abec ¥
7 Monoclinic 2 abec B

8 Trieclinic abec aB vy

This should be the first subroutine called. It can also be used to
terminate execution of a program by using a blank card at the end of the
input data, since a STOP statement is executed if parameter A is zero.

Required values and useful constants are set in common XTLCOM
before returning from this subroutine. These include m, the volume of
the unit cell, and the cosine and sine of the angles a, B and vy.

2.1,2 Subroutine IDCALC

This is a multiple entry point subroutine used for common crystallo-
graphic calculations. Entry points ADCALC and IDCALC calculate the d-spacing
of the plane (H,K,L). The former name should be used if the indices are
real variables, whereas the latter is used when the indices ave integer
variables. This use of two entry points also holds for the remaining

calculations performed and is summarised in Table 2.

TABLE 2
Entry Point for

Calculation
Real Indices Integer Indices
ADCALC IDCALC d-spacing
ADENT IDENT identity spacing along a direction
ANGDIR INGDIR angle between directions
ANGPLN INGPLN angle between planes

ANGDP INGDP angle between a direction and a plane




Constants required in the calculations are found in common XTLCOM
and all arguments are passed by argument list in the call statement. The
following examples illustrate the lists for calculations using integer
indices:

CALL IDCALC (H, X, L, D)

CALL IDENT (IU, IV, IW, AD)

CALL INGDIR (IU, IV, IW, AD, IU2, IV2, IW2, AD2, ANG, COSANG)

CALL INGPLN (H, X, L, D, H2, K2, L2, D2, ANG, COSANG)

CALL INGDP (IU, IV, IW, AD, H, K, L, D, ANG, SINANG)

In these examples, H,K,L are the indices of a plane of interplanar
spacing D, whilst IU, IV, IW are the indices of a direction with identity
distance AD. The varisbles D and AD are calculated real values in the
first two call statements but are required values in the remainder. The
last three call statements return the required angle in degrees in the
variable ANG, togetherrwith the sine or cosine of the angle.

2.1.3 Subroutine PERP2

This is another multiple entry point subroutine. Entry point PERP2
is used when dealing with real values of indices, whereas IPERP2 is used
for integer indices.

If, in the general cryétal system, the input is the indices of a plane,
the output would be the indices of two directions lying in this plane;
alternatively if the indices of a direction are given as input then the
output would be thé indices of two planes containing the direction,

In the cubic or cartesian case, the input and output values would be
orthogonal (but not normalised). In this case the subroutine can be used
to generate a set of orthogonal axes for plotting of stereographic
projection, or Kikuchi patterns.

2.1.4 Subroutine TCSET

Conversion of direction indices from any crystal system to cartesian
coordinates is carried out in this subroutine. An initial call to TCSET
is required to initialise the conversion parameters, Subsequent calls
to either AT2CD or IT2CD (depending upon whether the initial indices were
real or integer) will then convert the direction indices to cartesian
coordinates such that the cartesian X axis lies parallel to the crystallo-
graphic 'a' direction, the Y axis lies in the 'ab' plane, and the Z axis
is perpendicular to the X and Y axes. The values returned are always real.
Entry points AC2TD or IC2TD are used to transform directions back from

cartesian to the system under consideration, and again the returned values



are always real variables.

Conversion of planes from the general system to cartesian coordinates
is carried out by calls to AT2CP or IT2CP, whereas the inverse transformation
is performed by AC2TP or IC2TP.

In all cases the program has been arranged so that the same variable
names can be used for both input and output values, where the input values
are real. Tor example in using the statement

CALL AC2TD (X, Y, Z, X, Y, %)
the variables (X, Y, Z) would be a cartesian direction before the CALL
statement, but would be the coordinates (indices) of the same direction
referred to the crystal system after the CALL statement.

2.2 Subroutine Relating to Crystal Structure

Structure factor and its related parameter, extinction distance,
are dependent upon the position of each atom within the lattice and its
scattering factor. Since scattering factors are widely disseminated
either in tabulated form, or by analytical expressions, two subroutines
are provided. Subroutine ATMPDT uses the tabulated values of Doyle &
Turner [1968]; use of other tabulated values will require changes within
the subroutine to allow for variations of the independent variable at
which the scattering factors are listed (real array XS). Subroutine
ATMPSB was written to use the expression of Smith & Burge [1962], the
sum of three Gaussian terms, but has been amplified to allow up to four
Gaussian terms with or without a constant, thus permitting the use of
expressions derived by other authors.

The final subroutine WAVESP enables the electron beam to be specified
either by wavelength or accelerating voltage.

2.2.1 Subroutine ATMPSB

Initialisation of input data for calculation of structupe factors
and extinction distances is made by a call to ATMPSB.

The first card read defines the wavelength, number of species of
atoms, format (F10.5, I2)., The wavelength may be expressed as electron
wavelength or accelerating voltage of the electron microscope and is
referred to subroutine WAVESP for clarification.

For each atomic element present, the following data is then read
in: '

(a) The number of positions it occupies, its atomic symbol and

atomic number and the Debye temperature correction factop.



The atomic symbol and atomic number are used only for
identification on the printout. One card, format (12, IAu4,
I2, 2X, T10.5).
(b) Either 1 or 2 cards detailing the atomic positions and
their filling factor, format (16F5.3), four positions
per card.

(¢) The parameters of the scattering power expression, format
(9r8.0).

The subroutine allows a maximum of 10 atomic species so that the
above series of cards may be repeated up to 10 times. Each atomic species
may occupy up to 8 lattice sites, thus 4 numbers are required to specify
each site uniquely. These are respectively, the fractional lattice
translations along the a, b, and ¢ axes together with the fraction of
each of these sites which is occupied. If unspecified (and thus read
in as zero occupancy), the default value of 1.0 is assumed. The following
points should be kept in mind. If more than 8 sites are to be specified,
then this species may be repeated with a new set of positions and scattering
powers, so long as the total number of species does not exceed 10. The
use of the filling factor allows the program to compute structure factors
for alloys, thus the filling factors for iron, chromium and nickel in 18/8
stainless steel would be specified as 0,733, 0.192, 0.075 (atomic fraction).
High concentrations of vacancies can be included by decreasing the filling
factor of the sites, and ordering can be handled by varying the filling
factor proportions between different sites.

The analytical expression for the scattering equation is of the form:

4
F = C+ & A exp(-B_ x?)
n T
n=l

where An and Bn are the Gaussian terms {maximum of 4) as defined in Smith
& Burge [1962]. Some expressions also include a constant C and this has
been included for coméleteness. If all of these values are not used

and the appropriate column is left unpunched, then zero values are read
from the card and the expression is still correctly evaluated. The values
are read in the order Ay, By, As, Bs, Ag, B3, Ay, By, C according to the
format (9F 8.0). All values read in are listed on the line printer before

returning to the main program.



Calls are made to entry point FCALSB for computation of structure
factors. Input information required is the 3 indices of the plane and
its d-spacing. Calculation of the structure factor is carried out using
both cosine and sine terms since the structure is not assumed to be
centrosymmetric. The correction for relativistic mass is performed by
multiplication of the filling factor by the required constant (assumed
to be 1.0 for X-rays) in the initial call to ATMPSB, so it does not appear
explicitly in this calculation,

When the structure factor has been calculated and corrected for
Debye temperature effects, the extinction distance is calculated. If the
structure factor is less than 1.0D-06 then the particular reflection is
assumed to be a systematic absence, and values of minus one are returned
for the structure factor and extinction distance,

Entry point FOOOSB returns the zero order extinction distance. Since
the d-spacing cannot be assigned to indices (0,0,0), Debye temperature
correction is not performed.

2.2.2 Subroutine ATMPDT

The second method of utilising atomic scattering factors is 'table
lookup'. Tables of atomic scattering factors for specific values of
sin (8)/X2 are given in numerous references, the values used in this
subroutine being those of Doyle & Turner [1968]. The 27 values of sin
(6)/X used are stored in the dimensioned variable XS; these values would
have to be changed if other tables are used. The layout of input cards
for this subroutine is the same as that used in ATMPSB with the exception
that 4 cards are required to specify the table of explicit values instead
of one card of analytical coefficients, These values are read in using
the format (7F10.7), the remaining 10 columns being available for card
identification.

Calculation of structure factor and extinction distance is by way of
the entry point FCALDT. Table lookup is carried out using quadratic
interpolation, ensuring that the centre value is that one closest to the
interpolation value. Calculation procedures otherwise are the same as
those employed in FCALSB.

Entry point FOOODT calculates the zero order extinction distance.

2.2.3 Subroutine WAVESP

Calculation of electron scattering factors in subroutines ATMPSB
and ATMPDT requires the value of the beam wavelength and relativistic

mass correction. Electron beams are normally specified by their accelerating



potential in kV, and only rarely by their wavelength. The value read in
by the two subroutines as the variable WAVE could be either of these
possibilities, so subroutine WAVESP was written to resolve this problem.

If WAVE is zero, then a 200 kV electron beam is assumed; any other
value lower than 0.2 is then assumed to be an electron wavelength, If
the WAVE is greater than or equal to 5.0, then an electron accelerating
voltage is being specified. Between these limits, an X-ray wavelength is
assumed. Integer IND returns a value of 3, 2 or 1 respectively for
electron wavelength, X-ray wavelength or accelerating voltage specification.
In the case of X-ray wavelength the relativistic mass 1s assigned the
value of 1.0, but in the electron cases, the remaining quantities are
calculated before returning to the calling subroutine.

2.3 Subroutines Relating to Crystal Indices

This is the largest group of subroutines having eight numbers in all.
They are designed to be simple in use yet give greatest flexibility in
the way in which the indices can be manipulated.

Provision has been made to vary the order in which the indices are
indexed: to test the indices for most of the common systematic absences,
and make provision for a user specified test procedure; +to test for and
rejeet (if so required) multiples of an allowed set of indices; and to
permute the indices without duplication.

2.3.1 Subroutine INDEX

Calls to this subroutine return the next set of incremented indices.
Indices are incremented in the order determined in INSDET. If the selected
index is already at its maximum value, it is reset to minimum and the next
gelected index is incremented. The number of indices which are at their
maximum value is returned in NTST. If all indices are at maximum (NTST
equal to 3 or 4), then NTST is set to 4 and an immediate return is effected.
Tests may be carried out before returning to ensure that the indices are
not systematic absences, are not multiples of an allowed reflection or
are ordered (generally H 2 K & L 2 0) before return, as outlined below,

Entry point INDSET should be called prior to calls to INDEX. Three
parameters located in common INDCOM are specifiéd in the call to INDSET
as outlined in Table 3.



TABLE 3
SUMMARY OF INPUT PARAMETERS TO INDSET

NSABS

1
[

Reset depending upon systematic absences specified on the
input data card

= 1 Reject systematic absences

= 2 No check carried out for systematic absences

NMULT = 1 No multiples of allowed reflections returned

= 2 No check carried out for multiple values

NORDER = 1 General ordering required (H> K >, > 0)

= 2 Ordering required with some relaxations depending upon
zero values

= 3 No checks for ordering are carried out

The number of allowable values returned increases as any of these parameters
rise in value.

NSABS should be specified as 0 if systematic absences are affected
by permutation and the indices are to be permuted in the main program,

The returned value of 1 or 2 is then used in the main program. If
systematic absences are independent of permutation of the indices, then
systematic absences are rejected in this subroutine (NSABS = 1). Where
permutation of the indices influences systematic absences, for example a
rhombohedral crystal specified on a hexagonal lattice, then systematic
absences must be checked in the main program (NSABS = 2),

Multiple values of allowed reflections, which are not systematic
absences themselves, are passed for such calculations as d-spacing or
structure factor, (NMULT = 2). They are not required when plotting
stereographic projections or calculating angles between planes, (NMULT = 1),

Ordering is important when permuting indices and NORDER should be
specified as 1 (together with NSABS initially set to 0) so that a given set
is not generated a second time. In this case, a sirict requirement is that
H=2 K= L 20 except for hexagonal indices where H > K > 0, L 0. In crystal
systems of low symmetry further relaxations are allowed when caleulating
d-spacings so that by specifying NORDER = 2, all possible values may be
calculated. In this case, indices K and L may have any value within the
ranges specified and H must be either zero or positive. If H is zero then
K may not be negative but if both H and K are zero then L cannot be

negative. No ordering requirements at all are required, for example when
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plotting stereographic projections and NORDER is specified as 3.

Upon entry to INDSET, the following values are read from one card:
KABS, NPARM, (NORD(J), J = 1,3), HMIN, HMAX, KMIN, KMAX, LMIN, LMAX,
INDMAX, DMIN, according to the format (1A1, 1I1, 3X, 3Il, 2X, 6(2X,I3),
3X, 12, F5.3).

KABS specifies the systematic absence criteria to be employed and

may be specified numerically or by character as outlined in Table 4.

TABLE 4
SYSTEMATIC ABSENCES

KABS JABS Test

A 1 centred on A face
B 2 centred on B face
C 3 centred on C face
F 4 centred on all 3 faces
I 5 internal (body) centred
R & obverse rhombohedral on hexagonal lattice
(R) 7 inverse rhombohedral on ﬁexagonal lattice
H 8 close packed hexagonal .
D 9 diamond lattice
P (0 )} primitive, no test
(blank)
¥ specified by user supplied subroutine XTSYAB

Upon return, KABS contains the character representation and JABS the
numeric value shown in the table. R specifies inverse rhombohedral
restriction but is also returned in KABS if 7 is specified on the card.

A blank or zero on the card returns P in KABS and 10 in JABS, whereas #
returns 11 in JABS. Default option is therefore primitive,

NORD specifies the order in which the indices will be incremented.
Default is 321, that is L will be incremented most frequently between its
1imits but H will be incremented least frequently.

Minimum and maximum values are self explanatory. If unspecified, the
default values are zero for HMIN and 4 for HMAX, KMIN is set equal to -HMAX
and KMAX is set equal to HMAX, and LMIN is set equal to KMIN and LMAX is set
equal to KMAX.
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INDMAX has a default value of 100 and sets an upper limit,if required,
to the sum of the absolute values of the three indices which will be
generated, (variable KOUNT).

DMIN and NPARM allow a real and an integer value to be passed to a
main program. They are used, for example, to specify a minimum value for
d-spacing calculations, and to specify whether angles are to be calculated
between planes or directions. After the input values have been read in
and checked the indices are set equal to their minimum value and then
tested to ensure that they conform to any restriction imposed by NSABS,
NORDER, NMULT and systematic absences before being returned as IH, IK, IL
and ITST in common INDCOM.

Initially, thé.indices are set equal to IH, IK and IL in the main
calling program after returning from INDSET. Subsequent call to entry
point INDEX will increment the indices to the next allowed set of values.
When all have reached their maximum value, NTST is set to 3,signifying
that this is the last allowed set. After calculations have been completed,
termination of this program phase can be carried out by testing that
NTST is greater than or equal to 3, before recalling INDEX. Alternatively,
a call to INDEX may be made followed by a test of NTST to determine whether
it has a value of 4. The latter method is preferred when testing for
systematic absences since the set (HMAX, KMAX, LMAX) may be a systematic
absence and hence not be returned,

An index set of (0,0,0) is not returned by calls to INDEX. Submission
of this index set is used to reset the initial value of IH, IK and IL after
parameters such as NSABS, NMULT and NORDER have been altered in a main
program. Such a call returns the starting value in the variables used in
the calling statement.

2.3.2 Subroutine SYSABRS

Input to this subroutine consists of the three indices (H,X,L) and
integer JABS which indicates which test for systematic absences is to be
applied in this subroutine. Specific tests are outlined in the section
dealing with JABS, KABS in subroutine INDEX. When the indices are a
systematic absence, then MTST = 1 upon return, otherwise it is zero. A
value of 11 for JABS passes the indices to the user supplied subroutine
XTSYAB for determination. If this returns a value of MTST less than Zerc,
then JABS is reset to 10 (primitive, no test), MTST is set to zero and

RETURN is executed,
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2.3.3 Subroutine XTSYAB

This subroutine is included in the library mainly to satisfy the
requirements of the linkage editor phase of the operating system, thus
preventing an 'unresolved external reference' error message. A user
supplied subroutine with this name should be supplied to test indices for
gystematic absences not included in SYSABS., It should return a value of
+ 1 when the indices are a systematic absence,and zero when they form an
allowable set. Execution of this particular subroutine, if not over-ridden
by another subroutine of the same name, will print an error message on the
line printer and return a value of - 1 to SYSABS. This latter subroutine
will reset MTST to zero and JABS to 10, thus assuming that the lattice is
primitive and no further calls to XTSYAB will be made.

2.3.4 Subroutine MULTPL

In some applications, it is required that a set of otherwise acceptable
indices be rejected if they are a multiple of another allowed set. Such
a situation occurs in calculation of angles between planes. Subroutine
MULTPL determines whether this condition applies, and returns a value of
one in MTST for indices which are such a multiple, otherwise MTST equals
ZEero.

Subroutine COMFAC is first called to find the highest common factor of
the indices. A returned value of 1 causes immediate return; otherwise
each multiple of the basie index set, up to, but not including the set
supplied to the subroutine, is tested to determine if it is a systematic
absence. If all lower order sets are systematic absences, then the current
set is passed as satisfactory, the assumption being that this set of
indices was tested elsewhere against systematic absence requirements.

2.3.5 Subroutines COMFAC and FACTOR

Subroutine COMFAC determines the highest common factor of the three
indices supplied. Zero values are ignored unless all three indices are
zero, in which case a negative value is returned. Ignoring zeros, two
input values are passed to FACTOR which reduces them to their highest
common factor. This value and the third index are then resubmitted to
FACTOR to obtain the required value,

2.3.6 Subroutine PERM

Whereas all other subroutines operate on 3 indices only (H,K,L) four
indices (H,K,T,L) must be specified for this procedure, the index I being

required for the hexagonal system but ignored in all other cases.
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Initial call is to entry point PRMSET at which time the indices should
be strictly ordered (by specifying NORD = 1 in calling INDSET). The
indices are examined to determine if any duplication will occur (e.g. hkk
or hko), so that, by setting an indicator value in variable NZ, duplicate
values are not generated during permutation. Permutation follows a strict
routine and all possible values are generated including negative indices.
Variable N shows the current position throughout the sequence generated,
which can be listed out if the subroutine is tested with an initial input
of H=3, K=2 and L = 1. There is a maximum of 48 combinations
possible in the general case, which.is restricted to 24 for hexagonal
values, since L is not permuted with H, K and I, but can assume only
positive and negative values. By carrying the values N and NZ with the
indices, it is possible to interleave the permutation of more than one

set of indices simultaneously.

2.4 General Subroutines

This final section consists of the four remaining subroutines. They
contain procedures for initialising data, forming a table of values
ordered from the highest to the lowest value, a procedure for solving the
general conic and a method of forming two character strings from a set
of indices.

2.4,1 Subroutine BLOCK DATA

In the IBM system, data initialisation of variables in common can
only be carried out by using a subroutine called BLOCK DATA (4). No
executable statements may be included in this control block and the
variables must be in a Named Common. This subroutine is autematically
linked into the fully compiled and edited program, without being explicitly
called, when a FQRTBAN deck is passed through the three steps (COMPILE,
LINKEDIT and GO) of the procedure FORTHCLG.

When a library of subroutines and main programs is being set up this
data initialisation step is not included unless an instruction to the
linkage editor step is included. 1In this case the following cards should
be included each time a main program is compiled and placed in the library:

/ /LKED. SYSINBDDI*
PINCLUDEBSYSLIB(SYMCOM)
where B signifies a blank column in the card and SYMCOM is the name of the

first named common in the BLOCK DATA subroutine.
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2.4.2 Subroutine INSRTS

This is the first of a series of entry points designed to tabulate
d-spacings of planes in decreasing size, together with the associated
indices, such that a call to one of the entry points will insert the new
values in their correct positions. If the value set in NDUP is 1, then
duplicate values of the d-spacings already present will not be inserted,
whereas if NDUP=2, then duplicate values will be inserted., Parameter
FRROR specifies the relative error within which two values will be considered
to be identical for non-insertion purposes. These values are passed from the

main program to the subroutine via common INSRT.

The variables N and NDIM are, respectively, the number of values

in the table and the maximum number of values that can be accommodated.

N should be set to zero before being used. D is the d value that is to

be inserted into the array DAR; it 1s the value to be tested against
existing values in DAR (if duplicate values are to be excluded). Integer
values H, K, I and L are the normal crystallographic indices; RH, RK and
Rl are integer rhombohedral indices associated with the hexagonal indices
when JABS is either 6 or 7 in the main program. These values are inserted
into the arrays HAR, KAR, IAR, LAR, RHAR, RKAR and RLAR.

Entry points are INSRTL1, INSRT4, INSRTS and INSRT8. The appropriate
entry point to be selected depends upon the number of values to be inserted.
If a table of angles between planes is being constructed, then only a single
value is to be ehtered and the correct entry point is INSRTL. When
calculating a table of d-spacings for the hexagonal lattice then the
indices H, K, I and L are to be inserted together with the d-spacing and
the entry point INSRTS is used.

NTST is normally set to 0 befére return but will be +1 if a duplicate
value has been detected and no insertion occurs, or -1 if the tables are
already filled. '

2.4.3 Subroutine FUNZ

Kikuchi and Kossel patterns are lines formed by the intersection of

a general central conic and the projection plane, Plotting these lines

requires that the equation

AxZ + By? + Cz? + 2Eyz + 2Fxz + 26xy = 0

should be solved for a fixed value of Z.
Entry point FUNZ sets the value of Z and the coefficients, and

reduces the equation to a biquadratic in X and Y. A test is carried out at
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this stage to determine whether the curve is an ellipse, a parabola or a
hyperbola, and a value of 1, 2 or 3 respectively, is returned in the
integer variable NTYPE.

Entry points FUNOFY and FUNOFX are called to solve the biquadratic
equation for given values of Y and ¥ respectively. Entry point FUNOFY
specifies a value of Y as input; this then reduces the equation to a
quadratic in X, which in general can be solved for two values of ¥.
Whether the higher or lower value is returned depends upon whether the
integer variable NSY has been set to plus or minus one. The integer
variable JTST is set to plus one unless the solution of the quadratic
will be an imaginary number, in which case JTST is negative and X is
not determined,

Entry point FUNOFX carries out a similar operation using Y as the
dependent variable and X as the independent variable,

2.4.4 BSubroutine LABAL

Labelling of stereographic projections and Kikuchi and Kossel lines
is facilitated by subroutine LABAL. Input parameters are the four indices
H, K, T and L together with N, the number of indices to be used. This
should be set to four for hexagonal indices, and any other number for all
others, in which case I is ignored. It is acceptable to use NSYS for N.

Two character strings Al and A2 are produced by examining each index
in turn. A blank is inserted into the second string if the index is
positive or zero, a negative sign if it is less than zero. The alphanumeric
representation of the absolute value of the index is placed into the first
string.

Two character strings are thus produced which can be written as text
and,by plotting A2 above Al, the indices are represented in normal (bar)
Form.

2.5 Outline of the Plotting Subroutines

The plotting subroutines used at the AAEC were produced locally by
Dr. G. Cox and Mr. R. Backstrom of the Applied Mathematics and Computing
Division. Plots may be viewed on a Tektronix T-4002 Graphic Computer
Terminal and plotted on a Calcomp 565 Drum Plotter, Calcomp output is
specified by pages which are 10.9 inches in the Y direction and multiples
of 16.54 inches in the X direction.

2.5.1 GPSEND(N,M)
This subroutine should be the first and last call of the procedure,

To initialise the plotter, specify N = 13 M then specifies the
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maximum number of plotting pages to be used. The subroutine identifies
the plot by writing the job name, programmer's name, the time and the
date along the Y axis and leaves the pen positioned at the minimum X and Y
position clear of the text.
To finalise the plot, specify N = 23 M is not used.
© 2.5.2 GPLOT(X,Y,N)

For N = 1, the current position of the pen is defined as being
located at the position (X,Y).

For N = 2, ¥ and Y are the number of units of wvariables X and Y
required to move the pen by 1 inch. To scale the plotter in centimetres,
for example, CALL GPLOT (2.54, 2.54, 2).

For N

For N

3, move the pen to the position (X,Y} with the pen up.

4, move the pen to the position (X,Y) with the pen down.
For N = 5, move the pen to the position (X,Y) drawing a dashed line.
2.5.3 GPTEXT(STRING,NC,NHT,THETA)

Commencing with the pen at its current position,write NC characters
from STRING at an angle THETA degrees (anticlockwise) to the X axis. " The
characters will be NHT multiples of the basic size, which is 0.05 x 0.07
inches with a separation of 0.0l inches between them,

If NCH is zero, then the first character in STRING is written,
centred on the current pen position. This is useful for plotting points.

2.5.4 GPNUMB(NUM,FMT,NHT ,THETA)

This subroutine writes the single number NUM according to the format
FMT. NHT and THETA are the same as defined in GPTEXT. The format
FMT may be a variable name containing the format as a character string
within brackets, or the format may be defined within the call statement by
enclosing it within brackets enclosed within quotes. Only one number
may be written by a single call, which is the reason/ for writing subroutine
LABAL,
3. MAIN PROGRAMS

Six programs are presented in this section and include procedures
for calculating tables of interplanar d-spacings (program DSPACE) and angles
between planes or directilons (program ANGLES). Two programs deal with
stpucture factors and extinction distance in the simple dynamical
two-beam case {program STRFSB) and four-beam corrections (DTUBMS). The
final two programs are plotting routines. The first (program STEREO)
plots projections of directions or poles of planes whilst the second

produces Kikuchi or Kossel maps {program KIKU).
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The two plotting procedures require that the projection axis be
specified. This must be in the y-index (Miller-Bravis) notation for
hexagonal crystals. In any other system the L index may be punched in
either the I or L field with impunity, but the remaining field must be left
blank.

3.1 DSPACE - Calculation of Interplanar d-spacings

This program calculates the d-spacings of planes for any crystal
system and produces two columns of output. The first column lists the
calculated values in index order; the second column gives the same values
in decreasing order of d-spacing.

Only two data cards are required; the first card defines the crystal
system, as outlined under subroutine XTLSYS, and the second card defines
the index parameters required by subroutine INDSET. These two cards may
be repeated indefinitely specifying new computations to be performed. The
input data set should be terminated with a blank card in order to avoid
abnormal termination of the program.

The statement

CALL INDSET (1, 2, 3)
specifies that

(a) systematic absences are to be tested before indices are

returned,

(b) wmultiples are to be allowed, and

(¢) no ordering of indices is required.

Statement 20 rejects negative values of index H (if HMIN is less than 0),
and the d-spacing is then calculated by a call to IDCALC. If the crystal
is hexagonal or rhombohedral on a hexagonal lattice, such additional
indices as are required are then set.

The d-spacing and indices are stored twice, firstly using the approp-
riate INSRT call to obtain a table of decreasing d-spacings, and then
sequentially to obtain a table in index order. When the sequence of indices
has been completed, or the tables filled, the values are printed out on the
line printer. Dimension statements at the beginning of the program 1imit
the tables to a maximum of 400 values.

3.2 ANGLES - Angles Between Plane Directions

Tables of angles between directions and angles between planes are
frequently required in solving crystallographic problems. When setting up
a program to produce such tables, consideration must be given to the quantity

of data generated.
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The simplest programming procedure, having selected two sets of indices,
is to generate all possible angles that can be obtained by permuting and
changing the sign of the indices. Considering the index sets (3, 2, 1)
and (5, 4, 3) and the cubic system, a total of 34 distinet angles exist
(between 0° and 180°), whereas 1152 distinct angles exist in the triclinic
system, the latter case requiring approximately two pages of computer
listing. Such a table becomes almost useless. If in this latter case
the permutations of the (3, 2, 1) set are collected into groups having
the same d-spacing (and thus assumed to be symmetry related) then twenty
four sets of forty eight values are produced (a total again of 1152
values), some of which may be useful. In this program, the latter approach
has been adopted.

The mandatory calls are made to XTLSYS and INDSET to set the required
parameters. The value of the integer NPARM read from column 2 of the
index card is passed via common block INDCOM and is used in the main
program as integer NDP, If NDP=1l, then angles between directions are
caleulated, whereas NDP=2 signifies that tables of angles between planes
are required, Any other value of NDP (e.g. 0, 3) will produce both sets
of tables.

Twe sets of indices are used within the program and two copies of
each are used. The first set (HX, KX, LX)} is incremented from minimum to
maximum once throughout the computation. The second copy of this set
(HA, KA, LA} is permuted to generate a table of indices with their
associated d-spacing or identity distance, excluding duplicate values
(IDUP=1). If systematic absences are independent of permutation, such
indices are rejected in calls to INDEX. Where permutation has an effect,
each set is tested immediately after permutation.

The second set of indices (HY, KY, LY) is incremented from the
current value of (HX, KX, LX) to the maximum values and copied into
(HB, KB, LB). For each set of values, a table is constructed of allowed
indices with associated distance without excluding duplicate values
{IDUP=2) by permuting (HB, KB, LB). Restriction of the first table to
non-duplicate values minimises the amount of printout; on the other hand,
allowing duplicate values in the second table ensures that all values are
determined.

Each set of indices in the first table is selected in turn and the
angles between the selected set and all sets of indices in the second

table are calculated and printed out.
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Where' the complete table has been calculated and printed, and variable
NDP has a value of 1 or 2, execution is recommended at the call to XTLSYS
to determine whether a new set of data follows, or to terminate the program,
Where NDP has the default value of 3 and the angles between planes have
been calculated then NDP, NSABS and NMULT are all reset to 1, JABS is
set to 10 (primitive) and a call made to INDEX specifying zero values for
the indices. This resets the index parameters so that a table of angles
between directions may be produced free of systematic absences. Execution
recommences at the statement labelled 100.

Because of the large amount of printout which can be produced, the
maximum values for indices should be restricted for crystals of low
symmetry. Where crystallographic work must be carried out on low symmetry
crystals, consideration should be given to modifying the program to calculate
the angles between two specific directions or planes instead of the
procedure adopted here of one specific and one general form. An alternative
worth considering is a set of stereographic projections about the three main
axes produced by program STEREO.

3.3 STRFSB ~ Structure Factors and Extinction Distances

Calculation of structure factors and extinction distances using
analytical expressions for the scattering factors is carried out in this
programn,

Data input commences with the two standard cards for crystal system
and indices and a call is then made to ATMPSB, This subroutine reads in
the remaining data as outlined in Section 2.2.1. The indices are incremented
throughout their ranges and FCALSB is called to calculate the required
values, These values are not stored but printed as calculated. If the
structure factor is less than 1.0D-05, then values of -1 returned for
FHKL and TO and the reflection is assumed to be a systematic absence,

When all walues have been calculated, program executicn is returned
to subroutine XTLSYS in order to determine if a new set of data follows.

If it is desired to calculate structure factors and extinction
distances using the table lookup procedure of Doyle & Turner [1968], then
only four cards need to be changed. The program name in format statement
201 should be changed to STRFDT, the statement CALL ATMPSB (...) should be
changed to CALL ATMPDT (...j with the same argument list{ the statement
CALL FCALSB (...) should be changed to FCALDT (...}, again without
altering the argument list, and finally the call to FOOOSB shcould be

changed to FOOODT for the zero order extinction distance,
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3.4 DT4BMS - Four-beam Corrections to Structure Factors

This program was a late development, written when a need arose to
determine the effect of multiple systematic beam excitation on the
extinction distance of selected metals, varying over a range of atomic
numbers from aluminium (AN=13) to gold (AN=79). The effect was to be
determined for specific indices only using both the tabulated values
of Doyle & Turner [1968] and the analytic approach of Smith & Burge
[196231. The latter program SBu4BM is derived from this program by
changing the two cards executing calls to ATMPDT and FCALDT to execute
calls to ATMPSB and FCALSB.

The first card is the customary data card read by XTLSYS to define
the crystal system. The next set of cards defines the lattice site and
scattering parameters required by ATMPDT. The following cards then define
the H, K, (I), and L indices required, punched one set per card using the
format 4I3. The end of this sequence of cards is signified by a blank
card defining all indices to be zero. This passes control back to XTLSYS
which reads the next card to determine whether a new set of data follows, or
the end of the data set has been reached (a second blank card).

After each of the indices is read in, the structure factors and
associated crystal potential (variable U} are caleculated for the first
three systematic reflections of this set. The corrected first order
crystal potential, and hence the extinction distance, are then calculated
by formulae given by Howie [1966] and the values listed on the line
printer.

The correction procedure iz repeated in Howie [1970] together with a
correction procedure for the second order structure factor, this being
a 3-beam correction., This latter correction has not been incorporated
into the program. In each case, the corrected value is for the condition

S = 0 for the specified diffracted beam.

3.5 Program STEREQ - Plotting of Directions or Poles of Planes

This program plots the projections of crystallographic directions and

poles of planes using gnomonic, stereographic, or orthographic projection.

After setting the crystal system and index parameters, the program
reads one card which defines the crystallographic indices of the Z axis
(projection direction or pole of a plane) together with the variables NDP,
NGSO, THETA and RADIUS, format (415, uX, Il, 4X, Il, 3Fl0.5).
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NDP defines whether directions (NDP=1) or planes (NDP=2) are to be
plotted (default is planes), and NGSO is the projection to be employed,

1 for gnomonic, 2 for stereographic (and default), 3 for orthographic.
Plot scaling is controlled by THETA or, if this is undefined (thus zero),
then by RADIUS., THETA is the angle in degrees from the centre of the

plot to the centre of the YMAX boundary (plotting being centred within a
31 % 26 cm rectangle). RADIUS specifies the distance from the origin

at which a vector perpendicular to the 2 axis will be plotted in stereo-
graphic or orthographic projection, and a vector at 45 to the Z axis will
be plotted for gnomonic projection. Default options are THETA = 45° for
gnomonic projection and RADIUS = 10 cm for stereographic and orthographic
projection.

Orthogonal axes are set up such that the Z axis correspeonds with the
specified crystallographic direction or pole of the crystal plane. The
height of the projection plane (ZPLN) is then calculated to give the
required scaling for the plot.

The indices are incremented and permuted throughout their range,
systematic absences and multiple orders being rejected. The angle from
the pole of the plane or the direction to the three axes is then determined.
The cosines of the three angles then constitute a unit veetor which is
plotted. In the gnomonic case, the vector is rejected if the third
cosine is equal to or less than zero (on or below the equatorial plane).
Orthographic projection is permissible if the vector is not below the
equatorial plane. All vectors in stereographic projection which are at a
greater angle than approximately 25.8° to the -Z axis (cosine greater than
-0.9) are acceptable at this part of the program.

The plotting points (X, Y) are determined using the appropriate con-
version and all points falling within the plot boundaries are plotted.

If variable KOUNT is less than 5, the points are alse labelled with their
indices. These are written at an angle of 30° to the X axis of the plot
in order to minimise overlap. The indices of all plotted points, together
with some pertinent data are printed on the line printer. Points which
have been labelled are signified by a plus sign on the listing.

On completion, the plot is labelled with its pole and the name taken
from the crystal system card. A new card is then read to determine if
further poles of this crystal system are to be plotted. If the indices
are all zero, then execution of the program recommences at the call to

XTLSYS to specify a new crystal system or to stop program execution. Thus,one
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blank card should follow a sequence of data cards in order to recommence
computation with a new crystal system, and two blank cards should be
appended at the end of all data to bring about normal terminaticn of the
program,

3.6 Program KIKU - Plotting of Kikuchi and Kossel Patterms

Kikuchi and Kossel patterns are used for accurate determination of
crystal orientation. This program produces maps of such patterns to
allow easy indexation of experimentally produced determinations.

Once the crystal system and index parameters have been determined,
the main program reads in one card specifying the pole (NPOLE), the
pole location (CX, CY), the scale of the plot (SCALE) and the radiation
wavelength (WAVE). The plot is restricted to a region 12" by 8" centred
on the plotting page. Parameters CX and CY specify the location of the pole
from the centre of the plotting region and they do not have to be within
the plot; by keeping all other parameters unchanged and varying CX and
CY, a series of plots can be produced which may be overlapped to produce an
extended map of large scale., The parameter SCALE specifies the angular
displacement corresponding to a displacement of one inch from the pole
and has a minimum and default value of 3° for Kikuchi, and a minimum of 3°
and default value of 20° for Kossel patterns.

After the plotter has been initialised and scaled, the angular
displacement from the point (CX, CY) to the furthest corner of the plot
is calculated (variable THETAM). This is subsequently used in conjunction
with tﬁé Bragg angle to determine whether the plotted line is likely to
fall within the plot boundaries. The plotting axis is then set up and
the pole position is plotted and labelled with the letter 'P'.

The indices are incremented throughout their range and permuted to
generate all possible sets. An index set is rejected if the d-spacing
is below DMIN, if the sine of the Bragg angle is greater than 1.0 or if
the Bragg angle, the angle to the Z axis and THETAM are all such that the
plotted line would not lie within the plot boundaries.

The parameters of the general conic are then set and plotting
commenced., If the cosine of the angle between the X axis and the projection
of the pole onto the XY plane is greater than 0.555 (within 33.4°),
plotting commences at the boundary Y=YMAX. If it is less than -0.555,
plotting commences at the boundary Y=MIN; otherwise it will commence
at the boundaries X=XMAX or X=XMIN depending upon whether the cosine of the

angle to the Y axis is positive or negative. Since the plotting strategy
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is similar for plots across the page (X being the incremented variable) or
up and down the page (Y being incremented), only the former will be
described.

The Calcomp 565 Drum Plotter is an incremental plotter having a
step length of 0.0l inch and the variable XSTPX has been set to this value.
The starting value XST has been set equal to either XMAX or XMIN and the
step length STP to either minus or plus XSTPX. Variable STP2 is equal to
twice XSTPX and is used later in the program to decide if step
lengths of 0.01 or 0.10 inch are being taken. STP10 is ten times STP and
is used to obtain large step lengths when the curve is outside the plot
boundaries.

Plotting commences at the selected boundary and proceeds across the
page until the opposite boundary is encountered. The procedure is then
repeated a second time in the opposite direction with the value of NSX
reversed in sign in order to plot the second branch of the curve (if it
exists). This is not carried out for Kikuchi lines where the second
branch corresponds to the first branch of a curve with indices which are
the negative of the current set. Once the second pass is completed
plotting ceases. If, during plotting, the curve passes beyond the YMIN
or YMAX boundaries, then plotting is suspended until the plot is again within
limits. During this period, the increment in X is increased to STP10
until a correct value of Y is found, X is then stepped back by STP10 and
reapproaches the correct value in increments of 0.0l inch, and plotting
is restarted. If Y is imaginary at the beginning of the plot, a similar
procedure is adopted until Y is real and within limits,and plotting
commences. If Y becomes imaginary during plotting on the first pass
across the page, the direction is reversed to plot the second branch.

If this occurs on the second pass, then plotting is assumed to be finished.
This will occur if Y is imaginary at the beginning of the first pass, for
which condition the ends of the curve are closed. All points at which

the curve meets any boundary or becomes imaginary are listed on the
lineprinter.

The integer variable IP used in calls to GPLOT is normally set to 4.
When plotting Kikuchi patterns for indices which are a multiple of an

allowed set, IP is set to 5. A full curve is plotted for IP = 4; such curves

are labelled with their indices at the finishing end. If IP = 5, the curves

are plotted with a dashed line and are not labelled.
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When all indices have been plotted, the pattern is labelled with the
pole, the name and other pertinent data, and the program proceeds to plot
the next pole if specified, seek a new crystal system if one blank card
is encountered, or stop execution if two blank cards are found.
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APPENDIX A
LISTING OF SUBROUTINES

LE R X X

XTLSYS

SURROUTINE XTLSYS

LR X ]

COMMON/XTLCOM/ A,R,C,ALFA.,BETA,GAMA,NSYS.NAME{5), VOLUME,
& ZERQ, ONE, TWO,PY02,PY,RAD,DEG,CA,CB,CG,54A,SE,SG,

) 511,522,5833,512.,523,%31,
COMMON/UNITS/ NCARD,LNPTR

A2,B2,C2,v0LSq

DATA DMé/1.8E-G6/, AIR/9.BE+B1/, A12R/1.2E+02/

SET CRYSTAL PARAMETERS

NSYS=1 cuplc SRPECIFY! A

HeYS=2 RHOMBOHEDRAL SPECIFY: A,ALFA

N5YS=3 TETRAGONAL SPECIFY: A,C

NSYSz4 HEXAGONAL SPECIFY: A,C,GAMMA=129.8

NSYS=5 ORTHORHOMRIC SPECIFY: A,B.,C

NSYS=6 MONOCLINIC,1ST,SETTING SPECIFY: A,B,C,GAMMA

NSYS=7 MONOCLINIC,?2ND.SETTING SPECIFY: A,B,C.BETA

NSYS=8 TRICLINIC SPECIFY: A,B,C,ALPHA,BETA,GAMMA

READ(NCARD,1) A.,B,C,ALFA,BETA,GAMA,NAME
1 FORMAT(6F1B.6,544)
IF(A.LT.OMB)Y STOP
IF(R.LT.DM6) B=A
IF(C,LT.DM&} C=A

IF(ALFALLT,
IF(BETA.LT,
IF(GAMALLT,

1¢ [F(ALFA.EQ,

NSYS=2
IFC(A.NE.B)
IFCALNE.C)

IF(BETA,NE.
IF(GAMA,NE,

GO TO 66

24 IF(BETA.EQ,

NSYS=7

IF(GAMA.NE.

GO 10 6@

30 IF(GAMA.NE,

NSYS=1
IF{C.NE . A)
IF{R.NE.A)

DM6) ALFA=ASO
DM6) BETA=ALFA
NM6) GAMA=ALFA

A94) GO TO 24

NSYS=8

NSYS=8
ALFA)
ALFA)

NSYS=8
NSYS=z8

Ag@)y GN TO 3/

A9@) NSYS=8

A9R) GO TO 47

NSYS=3
NSYS=5

{continued)
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Go T0 6u

43 IF(GAMA.EQ,A120) GO TO 50
NSYS=5
G0 TO0 6@

5 NSYS=4
IF(R.NE.A)Y NSYS=6

60 CONTINUE
MSYS=NSYS

SET CONSTANTS FOR CRYSTALLOGRAPHIC CALCULATIONS, AND RETURN CELL VOLUME

g aa

ZERQ=2,0D+3H
ONE=1.,0D+09
THO=ONE + ONMNE
PYO2=TWOD# DATAN(ONE)
PY=TWO#PYD2
DEG=(180.8D+pB)y/PY
RAD=0ONE/DEG
ABC= A#B«C
A2=pA%p
B2=g+#RH
C2=C# (
CA= DCOS(ALFA#=RAD)
CB= DCOS(BETA+RAD)
C6= DCOS(GAMA®RAD)
CABG=CA=2CB«CG
SAz DSIN(ALFA#RAD)
58= DSIN(BETA®*RAD)
SG= DSIN(GAMA#RAD)
S11cB2#C2#5A%SA
522=C2»A2%S5R%5B
S33=A2#R2#SG#SG
512= ABC#C#(CA#CB~CG)
S23= ABCsA#(CB#CG-CA)
S31i= ABC#B#(CG#CA-CR)
SQRANG= DSQRT(ONE+TWO#CABG-CA#CA-CB#CB~CG=C6)
VOLUME = ABC#SQRANG
VOLSQ=VOLUME #VOLUME
WRITE(LNPTR,108) NAME,NSYS,
& A,B,C,ALLFA,BETA,GAMA,CA,CB,C6,54,5B,56,511,522,
& S533,512,523,831,S0RANG, VOLUME
104 FORMAT('1SUBROUTINE XTLSYS',T58.5A4,T99,'NSYS= +,12/
TS50, 'CRYSTAL DATA'/
TS, 'A= ',FB.5,T25,'B= '+ FB.5,T45, 'C= ',F8.53T65,'ALFA= '1F6-2.
185, 'RETA= ',F6,2,T185,'GAMA= ', F6,2//T50, 'CALCULATION DATA'/
T5,'CA= *,F7.5,725,'CB= ',F7.5,T45,'CG= 'yF7.5.7T65,'SA=z ',F7,5,
T85,'SB= *,F7.5,7T105,'S6= ',F7.5/75,'S11= ',F1@.5,T25, '§22= *,
F1@9.5,T45,'S33= ',F14.5,765, 'S12= ',F10,5,1TB5,'523= ',fF14.5,
T165,*'S31= ',F18,5/75, 'SQRANG= ',F7.5,75%, 'VOLUME OF UNIT CELL=
&',F19.5)
C****ﬁ*******”******#*ﬂ********ﬂ****ﬂ#***HHW****ﬂ**#ﬂ*****ﬁﬂ#*ﬂﬂ*ﬁ*****
RETURN
END

Co Qo 0o 0o fo Oo Do

{continued)
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Hundn SURROUTINE IDCALC HHaawy

SUBROUTINE IOCALCCIH, IK,IL,D)

ALCULATE 'D' SPACING OF THE PLANE (H,K,L)

IMPLICIT REAL#8(A-H,0-2), INTEGER#4(I-N)

REAL #8 Hs K L,H1,K1,L1,H2,K2,L2
COMMON/UNITS/NCARD,LNPTR

COMMON/ZXTLCOM/ A,B,C,ALFA,BETA,GAMA,NSYS, MAME(5), VOLUME,
& ZERO, ONE, TWO,PY02,°Y,RAD,DEG,CA,CB,CG,SA, S&,SG,
8 $11,822,533,512,523,531,A2,82,C2,V0LSE

DATA A999/0.999999990+8¢/,A¢08/1.20-088/

H=TH
K=TK
L=1L
GO 10 20

ENTRY ARCALC (H,K,L,D)
DaHeH#S11+K#K#S22+ | #L #S33+TWO#S12#HuK
8 +THO®S2IsK#L +TWN&S31eLsH
D=VOLUME/DSQRT(N)

RETURN

C**l“*Hﬂ-*#*ﬁ********iﬂ*******ﬂ'##********i#ﬂﬂﬂ#***#**ﬂ**ﬂ****-}***4}#*****%

c
c
C

CA

28

35

LCULATE IDENTITY DISTANCE ALONG THE DIRECTION (U,V,W)

ENTRY IDENTC(IU,IV,IW,AID)
U=sTIu

V= 1y

W=1u

GO TO 3@

ENTRY ADENTC(U1,V1,W1i,AID)

u=u1

V=V1

W=W1

IF  (NSYS,NE.4) GO TO 35

T==U=V

U=u-T

V=v=T

ATD=DSQRT(AZ#U=ll +32+#V4Y +C2#Wal +TWO#B2C2VeW#CA
& +THO#C#A#W2USCB +TWO#A#+B=U*V#CG )
RETURN

C*****##********##**%#***************#*#*#*******#*********ﬂ**#ﬂ-**#**ﬂ-l}*

¢
c
c

CA

LCULATE THE ANGLE BFTWEEN DIRECTIONS (U1,V1,W1) & (Uu2,V2,W2)

ENTRY INGDIRCIUL, IVL,IW1,AIN,IU2,1V2,IW2,BID,ANG,COSANG)
Ui=TuU1

Vi=ivi

Wi=]Wt

ue=tuz

Ve=T1v?2

W2=TW2

GO TO 48

(continued)
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ENTRY ANGDIR(UA,VA,WA,AID,UB,VB,WB,RID,ANG,COSANG)
U1=UA

Vi=VA

Wi=WA

Uz=uB

v2=vB

W2=WB

IF(NSYS.NE.4) GO TO 45

T==-U1-Vv1

Ul=ul-T

Vi=vi-T

==U2-y2

uz=uz-T

Vez=ve-v1

ANG = A2#U1l%U2 +B2#VinV? +C2#W1aW2 +BaCa{(V2uW1+V14W2)%CA
& +ACH(UL#NZ2+U24H1)8CB +A#B#(UL#V2+U28V1)#CG
COSANG=ANG/(AID#*BID) '

GO TO 100

Cﬂl**iﬂ*ﬂ********ﬂ#*#******%******##4#}#*!#******%“**#}#iﬁ***i*******#**

C
c

C

59

ALCULATE THE ANGLE BETWEFN PLANES (H1,K1,L1) & (HZ2,K2,L2)

ENTRY INGPLN(IH1,IK1,1L1,AID,IH2,IK2,I1L2,BID,ANG,COSANG?
Hi=TH1

Ki=1K1

L1=1L1

H2=[H2

K2=1K2

L2=1L2

G0 70 5@

ENTRY ANGPLN(H1,K1,L1,AID,H2,K2,L2,BID,ANG,COSANG)

ANG=511#H1#H2 +5222K14K2 +S334L1#L2 +S512#(H1*K2+H2#K1) '
& +S523#(K1ul2+K24L1) +331s(L1nH2+L24H1) . '

COSANG=(ANG=#AID#BID)/(VOLSQ)

GO TO 109

C**lﬂlﬁ#*i**##**#***#*****E****#*****ﬂ**ll##*#l*ﬂﬂi#ll**'***#*ﬂl****l***

C
c

C

CA

60

65

LCULATE THE ANGLE BETWEEN THE DIRECTION (U,V,W) & THE PLANE (H,K,L}

ENTRY INGOPCIU,IV,IW,AID,IH.IK,IL.D,ANG,SINANG)
U=1u

v=1v

W=TW

H=1H

K=1IK

L=IL

GO TO 6%

ENTRY ANGDP{(UA,VA,WA,AID,H,KsL,D,ANG,SINANG)
U=UA

V=Va

W=WA

IF(NSYS.NE.4) GO TO 65

T==U-V

U=u-T

V=y-T

SINANG= (H#U + K#V + L#W)#(D/AID)

GO TG 260

(A Y Y 2 L s i s I T R R R R R E RN AR RN R L S SR g e J T ey
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109 IF(COSANG.GT.A999) GO TO 101
IF(COSANG.LT.-A999) GO TO 142
IF(DABS(COSANG).LT.AQB®) COSANG=ZERD
ANG=DEG*DARCOS({COSANG)

RETURN

191 COSANG=ONE
ANG=ZEROD
RETURN

102 COSANG=z-0ONE
ANG=180.0D+0p
RETURN

200 IF(SINANG.GT,A999) GO TO 281
IF(SINANG.LT.=A999) GO TO 2072
IF(DABS(SINANG).LT.AD@E) SINANG=ZERO
ANG=DEG#DARSIN{SINANG)

RETURN

201 SINANG=O0ONE
ANG=90,80+00
RETURN

202 SINANG=-0ONE
ANG=-90,80+0Q
RETURN
END

LA A SUBROUTINE PERP2 #uann

SUBROUTINE PERP2 (X,Y,Z, XA,YA,Z2A, XB,YB,2B)
IMPLICIT REAL#8(A-G,0-Z)}, INTEGER#4(H-N)

GIVEN A PLANE(X,Y,#), FIND TWO DIRECTIONS (XA,YA,ZA) & (XB,YB,2B)

WHICK LIE IN THE PLANE, THE CROSS PRODUCT IN THE ORDER,
(SET AIX(SET B) WILL GIVE THE PLANE (X.Y,2).

ZERO=0,0D+00
ONE=1,80+00
DM1@=1,020-10
XA=ZERD
YA=ZERO
24=ZERO

200 IF(DABS(X).GT.DM12) GD TO 210
X=ZERD
XAzZONE
G0 TO 24¢
21@ I[F(DABS(Y).GT.DML12) GO TO 220
Y=ZERD
YA=ONE
GG TD 249 .
220 IF(DABRS(Z).GT.DM18) GO TO 2390
£=EERD
ZA=0NE
G0 TO 240
230 XA=vy
YA=-X '
240 XBzY®ZA - ZaYA
YB=Z#XA - X#ZA
EZB=X®*#YA - Ya#XA
258 RETURN

(continued)
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ENTRY IPERP2 (IH,IK,IL, HA,KA,LA, HB,KB.LB)

HA=¢
KA=0
LA=Q

1@ IF(IH.NE.®) GO TO 110
HAa=1
GO TO 140

110 IF(IK.NE.B®) GO TO 120
KA=1
GO TO 140

120 IF(IL.NE.Q) GO TO 138
LA=1
GO TO 149

138 HA=1K
KA==1H

140 HB=z1K=LA ~ IL#KA
KB=IL#HA - [JH#LA
LB=T1H#KA ~ IK#HA

158 RETURMN
END

AR SUBROUTINE TCSET AR AR

SUBROUTINE TCSET

SET PARAMETERS FOR THE TRANSFORMATION OF INDICES (U,V,W) IN TRIGONAL
SYSTEM (A,B,C,ALFA,BETA,GAMA) TO INDICES (X,Y,Z} IN CUBIC SYSTEM (A)

*X* LIES ALONG 'U'.
'Yt LIES IN THE 'UV' PLANE.
*Z' 1S PERPENDICULAR TO THE 'XY' PLANE.

COMMON /XTLCOM/ A,B,C,ALFA,BETA,GAMA,NSYS,NAME(S) . VOLUME,
8 ZERO, ONE,TWO,PYO2,PY,.RAD,DEG,CA,CB.,CG,SA,SB,SG6
COMMON/UNITS/NCARD,LNPTR

G=(CA-CB#CG)/SG
HzDSQRT(ONE =- CB#CB = G#G)
VX=R#CG/A

WX=C#CB/A

VY=B#SG/A

WYSCHG/A

WZ=CHH/A

ZW=0ONE/WE

YV=ONE/VY
WV==(C#G)/(B*SG)
PHTK=CG/S6

PKTL=(A*G)/ (B*H¥SG)
PHTL=(SG#CB~CG#G)/ (H¥SG)
RE TURN

TRANSFORMATION OF DIRECTION FROM TRICLINIC(U,V,W) TO CARTESTAN(X,Y,2)

ENTRY IT2CDCIU,IV,IW, X,Y,%)

{continued)
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ut=tu

Vi=1V

W=1W

IF(NSYS,NE,.4) GO TO 20
Gn T0 15

ENTRY AT2CD(U.V,H, X,Y,Z)

Ui=y

Vi=zy

IF(NSYS.NE,4) GO TO 2¢
T==U1l-V1

Ui=y1-71

Vi=vyi-7T
XsHWeWX+V1ayX+U]
Y=W*WY+V18yY

2=WaWZ

RETURN

TRANSFORM DIRECTIOM FROM CARTESIAN(X,Y,Z) TO TRICLINIC(U,V, W)

k1]

ENTRY JC2TDCIX,1Y,1Z, U,V,HW)

X=X
Y=1¥
£=12
Go 10 32

ENTRY AC2TD(X.Y,2, U,V,W)

W=Zsgl

VWY +YaYy
Us=H#WX-VrVX+X
IF(NSYS.NE.4) RETURN
Ui=u

Vi=vy
Us(2.0#U1-V1)/3.0
V=(2.AsV1-U1)/3%.0

‘RETURN

TRANSFNORM PLANE FROM TRICLINIC(H,K,L) TO CARTESTAN(X,Y,2)

47

45

ENTRY IT2CP(IH,IK,IL, X,Y,2)

AH=1H
AK=TK
AL=1L
GO TO 45

ENTRY AT2CPCAH,AK AL, X,Y,32)

ZZALRZH=-AK#PKTL-AH#PHTL
Y=AK#YV-AH#PHTK

X=AH

RETURN

TRANSFORM PLANE FROM CARTESIAN(X,Y.Z) TO TRICLINIC(AH, AK,AL)

ENTRY IC2TP(IX,1Y,12, AH,AK,AL}

{continued)
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SE X=1X
Y=1Y
£=1%

GD TO 55

ENTRY AC2TP(X,Y.,Z, AH, AK AL

5% AH=X
AK=Y#YY+AH=VX
ALSHER(Z+AK#PKTL+AH#PHTL)
RETURN
END

Bl SUBROUTINE ATMPSE LI RS

SUBROUTINE ATMPSB (VOLUME,WAVE,RELMAS,KV, IND)

IMPLICIT REAL#8(A-=G,0-2), INTEGER#4(H-N)

COMMON /UNITS/ NCARD,LNPTR

DIMENSION POSN(3,8,10),NPOSN(10),AA(4,102),B8(4,18),CC(1@),
& NSYMB(1@),FILL(8,17),DBYE(1@),DBYEX (1)

REAL#8 KV

ZERO=0.6D+0A
ONE=1.080D+002
TW0=2.080+08
FOUR=4.0D+0@
PY=FOUR#DATAN(ONE)
DM6=1,£D-06

1 READ(NCARD,1081) WAVE,NATOMS
101 FORMAT(F10.5,12)
CALL WAVESP(WAVE,XKVY,RELMAS,IND)
2 WRITE(LNPTR,3)
3 FORMAT( /' SUBROUTINE ATMPSB, VERSION 1 3 12TH JULY,1973'/
& ' READS IN DATA RELEVANT TO ATOMIC POSITIONS IN THE LATTICE, FI
RLLING FACTORS, AND SCATTERING FACTORS.'/
&' ENTRY FCALSBE CALCULATES THE STRUCTURE FACTOR & EXTINCTION DISTA
ANCE FOR THE GIVEN INDICFS '//T6,'N0.',T14,*SYMBOL"',T22,"A.N.",
&T736,'POSITION # FILL.'Z)
DO 8 L=1,NATOMS
4 REAND(NCARD,184) NPOSM(L Y ,NSYMB(L),NAN,DBYE{(L}
104 FORMAT(12,A4,12,2X,F18.5)
NP=NPOSN(L}
5 REAND(NCARD,185) (CPOSNCJ,K,L)»J=1,3),FILL{K,L),K=1,NP)
125 FORMAT(16F5.3)
00 1% J=1.,NP
IF(FILL{IsLY.LT.OMA)Y FILL{J,L)I=ONE
15 CONTINUE
WRITE(LNPTR,204)
& LINSYMB(L)lNANl((POSN(JIKJL)JJ=113)'FILL(K‘L)’K=1INP)
2064 FORMAT(LHA,5%, 11,7X.1A4,4%X,12,7T28,3(3(F5.3,1X),*'/',F5.3,4X)/
1,1H ,T28, 3(3(F5.3,1%X),'/',F5.3,4%X) /
2,1H ,T28, J(3(F5.,3,1X),'/',F5.3,4X) /
3,1H ;T28p 3(3(F56311X)1'/.!F5|3'4X) )
DO 16 J=1.NP
16 FILE (I, LY=FTILLCJ,L)I#RELMAS
REAN(RNCARD,106) <{(AA(J,L),RB(J,L)),J=1,4},CC(L)

(continued)
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1A6 FORMAT(9F8.0)
8 CONTINUE
HRITE(LNPTR, 245)
205 FORMAT(//1H ,!* SCATTERING EQUATION CONSTANTS'//1H ,"ATOM N
10. SYMBOL'.T?G,'DEBYE',T34,'A1':T44.'81',T54:'A2'1T64.'BQ'.T74.
2 ’AS'.T84.‘B3'.T94.'A4',Tlﬁ4.'84',T114,'C')
DO 9 f. = 1,NATOMS
NRITE(LNPTR.2@6)L.NSYHB(L}:DBYE(L),((AA(I.L)»BB(I.L))aI=1-4).CC(L)
206 FORMAT(/1H .4X.Il;T13,1A4.T2ﬂ.F5.3.T28,9(2X,F7.4-1X))
9 CONTINUE
RETURN

ENTRY FCALSSH (NH,NK»NL,D,FHKL,TO )

X=gNE/{TWO=D)
SINTHE=WAVE®X
IF(SINTHE.GE.ONE) GO TO 72
THETAzDARSIN{(SINTHE)
4@ COSFX=ZERO
SINFX=ZERO
D0 38 J=1,NATOMS
39 DBYEX(J):DEXP(—DBYEtJ)*X*X)

CALCULATE OVER NUMBER OF ATOMS IN UNIT cELL
DO 68 Ji= 1,NATOMS

CALCULATES ELECTRON SCATTERING FACTOR FOR SELECTED ATOM
USING THE ANALYTICAL REPRESENTATION OF SMITH & BURGE
(ACTA.CRYST.) »1962,VOL15,PAGELB2, WHICH SEE FOR CONSTANTS

F=CCct¢d1)
Do 58 J=1,4

5@ F=F+AA(J;Jl)*DEXP(-BB(J.Ji)*X*X)
G=DRYEX(J1)
J2= NPOSN (J1)

CALCULATE OVER EACH POSITION OF EACH ATOMIC SPECIES

Bo &0 J3= 1,42
PHI=TNO*PY*(NH*POSN(1;J3;J1)+NK*POSN(2'J3.J1)+
1 NL*POSN(3,J3,J1)) :
DPOS=FeG#FILL(J3,J1) :
COSFX=COSFX+DCOS(PHI)#DPOS
SINFX=SINFX+DSIN(PHI)*DPOS
6@ CONTINUE

FHKL = DSQRT(COSFX#CNSFX + SINFX#SINFX)
IF(FHKL.LT.DM6) GO TO 79 .
TO=PY*VOLUME*DCOS(THETA)/(NAVE #FHKL )
RETURN
7¢ TO==0NE
RETURN
ENTRY FOOOSB(FHKL,TO)
00 75 J=1,NATOMS
7% DBYE{J)=ZERO
NH=3
NK=@
NL=¢
X=@,8

(continued)
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THETA=0.0
GO TG 40
END

el SUBROUTINE ATMPDT *ownn

SUBROUTINE ATMPOT (VOLUME , WAVE ,RELMAS,KV, IND}

IMPLICIT REAL#8(A-G,0-2), INTEGER#4 (H-N?

DIMENSION POSN(3,8,16),NPOSN(18), TABLE(27,10),X5(27) .
& NSYMB(1@),FILL(8,10),DBYE(1D),DBYEX(10)

DATA XS/@.G.B.BB;G.iB;ﬂ.15.@.ZB,G.25-3.3%.@.35.0.45.0.45-3.59,
8 0.6.%.7-ﬁ.B-B.9.1.ﬂpi.2.1.4.1.6-1.8.2.@;2.5:3.0,3;5a4.ﬂn5.ﬂ:6.ﬁ/
COMMON ZUNITS/ NCARD,LNPTR

REAL#8 KV

ZERO=0.70D+00
ONE=1,80+8D
TWO=2,08D+30
FOoUR=4,dD+@n
PY=FOQUR*DATAN{ONE)}
pM6=1.0D-06

1 READ(NCARD,191) WAVE,NATOMS
121 FORMAT(F10.5,12)
CALL WAVESP(WAVE,KV,RELMAS,IND)
2 WRITE(LNPTR,3) )
3 FORMAT( //' SUBROUTINE ATMPDT, VERSION 1 ¢ 215T. NOV.1974'//
& ' READS IN DATA RELEVANT TO ATOMIC POSITIONS IN THE LATTICE, FI
SLLING FACTORS. AND SCATTERING FACTORS,.'/
&' ENTRY FCALDT CALCULATES THE STRUCTURE FACTOR & EXTINCTION DISTA
&NCE FOR THE GIVEN INDICES v//T6,'NO.",T14,'SYMBOL®*,T22, 'A.N. ",
8736, 'POSITION / FILL.'/)
DO 8 L=1,NATOMS
4 READ(NCARD,104) NPOSNC(L) NSYMB(L),NAN,DBYEC(L)
1M4 FORMAT(12,144.,12.,2X,F10.5)
NP=NPOSN{L)
5 READ(NCARD,1@5) ({POSN(J, KoL), J51,3),FILL(K,L) ,K=1,NP)
185 FORMAT(16F5.3)
DO 15 J=1,NP
IF(FILL(J,L) LT.DM6Y FILL(J,L)=0ONE
15 CONTINUE
WRITE(LNPTR,204)
3 L.NSYMB(L).NAN;((POSN(J.K.L).J=1-3).FILL(K;L):K=1.NP)
2pn4 FORMAT(iHG,SX-Ii:?X.1A4.4X.12,T28-3(3(F5.3;1X).'/'oF5.3.4X)/
1,1H ,T28, 3(3(F5.3,1X),'/*,F5.3,4X} /
2,1H ,T28, 3(3{F5.3,1X),'/",F5.3,4X} /
3,1H ,T28, 3(3(F5.3,1X),'/',F5,3,4X) )
DO 16 J=1,NP '
16 FILL(J,LY=FILL(J,L)I#RELMAS
READ(NCARD,106) (TABLE(J,LY,J=1,27)
176 FORMAT(7F10.7)
8 CONTINUE
WRITE(LNPTR,265)
205 FORMAT(//1H ' SCATTERING EQGUATION CONSTANTS'//1H ,'ATOM N
10. SYMBOL',T23,'DEBYE'.T54, ' (THETA/WAVE) ¢ SCATTERING FACTOR')
DO 9 L = 1,NATOMS
WRITE(LNPTR,206) L,NSYMB(L) DBYE(L),(XS(1),TABLECI,L),1=1,27)

(continued)
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FORMAT(/1H ,4X,11,T13,144,7T28,F5.3/

T11,6(F5.2,' :

Tii,6(F5.2,' i
A

T11,6(F5.2,* :

Ti1,6(F5.2," 1

CONTINUE

RETURN

ENTRY FCALDT (NH,NK,NL,D,FHKL,TD

X=0ONE/ (TWO=*D)
SINTHE=WAVE®X

'YW F7.4,4X)
'L E7.4,4%)
'S FT7.4,4X)
'L F7.4,4X)
'LE7.4,4%X)

IF(SINTHE.GE.ONE) GO TO 70
THETA=DARSIN(SINTHE)

COSFX=ZERD
SINFX=2ERD
D0 45 J=1,NATOMS

45 DBYEX(J)=DEXP(~DBYE(J)#X»X)

/

—_— N NN

)

CALCULATE OVER NUMBER OF ATOMS IN UNIT CELL

CALCULATE
TABULATED

Do 6@ Ji1= 1,NATOMS

WHICH SEE FOR VALUFS,
FIND TABLE POSITION

2%

Do 20 J=1,27
K=J

IF(X.LT.XS(J)) GO TO 21

CONTINUE

K=27

CONTINUE
DEL=XS(K)=-XS(K=-1)
DELX=X=-XS(K=-1)

IF(DELX=#TWD.LT,.DEL) K=K=-1

IF(K.LT.2) K=2
IF{K.GT.26) K=26

ACTA.CRYST.1968,44,3%0

CALCULATE F USING QUADRATIC INTERPOLATION OF THE TABLE

XSA=XS(K-1)
XSB=XS(K)
XSC=XS(K+1)
TABA=TABLE(X-1,J1)
TABB=TABLE (K, J1)
TABC=TABLE (K+1,J1)

F=TABA#{X-XSB)#(X=-XSC)/((XSA-XSB)* (XSA-XSC))
8 +TABB#(X~XSAY#(X~XSC)/((XSB~XSA)#(XSB-XSC))
& +TABC#(X-XSA)#(X=XSB)/((XSC-XSA)#(XSC-XSB))

J2= NPOSN (J1)
G=DRYEX(J1)

CALCULATE OVER EACH POSITION OF EACH ATOMIC SPECIES

1

oc 684  J3= 1,J2

L4

PHI=TWO*PY*(NH*POSN(1|J3:J1)+NK*P05N(2,J3rJ1)+
NL#POSN(3,J3,J13)

OPOS=F#GeF LL(JZ,J1)
COSFX=COSFX+0COS(PHI)#*DPOS -
SINFX=STNFX+DSIN(PHI)=DPOS

ELECTRON SCATTERING FACTOR FOR SELECTED ATOM USING THE
VALUES OF DOYLE & TURNER.,

{continued)
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CONTINUE

FHKL= DSQRT(COSFX#COSFX + SINFX#SINFX)
"IF(FHKL,LT.OMé) GO TO 7@
TO=PY#YOLUME®DCOS(THETA)/(WAVE #FHKL)
RETURN

T0=-0NE

RETURN

ENTRY FOQODT(FHKL.TO)

DO 75 J=1,NATOMS

DBYE{(J)=2ERO

NH=@

NK=@

NL=¢

X=0.0

THETA=9.0

Go TO 44

END

WA A SUBROUTINE WAVESP HRER

SUBROUTINE WAVESP(WAVE,KV,RELMAS, IND)

IMPLICIT REAL#8(A-G,0-#), INTEGER#4(H=~N)
COMMON/UNITS/NCARD,LNPTR

REAL#8 KV,AX/0.9789D~66/,BX/1.2260+31/,2ERD/B.AD+08/,0NE/1,.80D+20/,
& TWO/2.00+08/,.THOU/1,00+03/

IF(WAVE,LE.?ERO) WAVE=240.0+00

IF(WAVE.GE,5.8D+08) GO TO 12

IF(WAVE  LT.A.2D+22) GO TO 11

X=RAY WAVELENGTH SPECIFIED IND=2
16 RELMAS=ONE

KV=2ZEROD
IND=2
WRITECLNPTR,11@) WAVE.IND

119 FORMAT(/' SUBROUTINE WAVESP'/

&T5, ' X~-RAY WAVELENGTH OF ',F8.,5,' ANGSTROMS WAS SPECIFIED, IND=z ',
&1z
RETURN

ELECTRON WAVELENGTH SPECIFIED IND=3

11

TO=TWO#BX/WAVE

TO=TO*TO
EMF=(=ONE+DSQRT(ONE+AX#TO)Y )}/ (THO#AX)
KVzEMF/THOU

RELMAS=0ONE + THO®AX#EMF

IND=3

WRITE(LNPTR,111) WAVE,KV,RELMAS,IND

141 FORMAT(/' SUBROUTINE WAVESP'/

&8T5, 'ELECTRON WAVELENGTH OF ',F7.5,° ANGSTROMS WAS SPECIFIED, APRO
&XIMATE ACCELERATING VOLTAGE = ',F6.,1,' KILOVOLTS'/
&T5,'RELATIVISTIC MASS CORRECTION FACTOR = *,F8.5,10X,'IND= ',12/)
RETURN - : :

KV, OF ELECTRON BFAM SPECIFIED IND=1
12 KV=WAVE

EMF=THOU®KY

WAVE=RX/DSQRT(EMF % (ONE + AX#EMF))}
RELMAS=SONE + THO#AX#EMF

INO=+1

WRITE(LMPTR,112) KV,WAVE,RELMAS, IND

(continued)
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112 FORMAT(/' SUBROUTINF WAVESP'/
&T5, 'ELECTROM ACCELERATING VOLTAGE OF ',F6.1,' KILOVOLTS WAS SPECIF

&IED, WAVELENGTH = ',F7,%,' ANGSTROMS'/
TS, "RELATIVISTIC MASS CORRECTION FACTOR = ',F8,%,108X,'IND= *,12/)
RETURN
END
FERns SUBROUTINE INDEX BEtSE

SUBROUTINE INDEX(H,X,L,NTST)

IMPLICIT REAL#8(A-G,0-2), INTEGER#4(H~N)
LOGICAL#1 CHARS(12),NUM(13),KABS

COMMON/XTLCOM/ A,B,C,ALFA,BETA,GAMA,NSYS
COMMON/TINDCOM/ IH,IX,IL,ITST,KOUNT, INDMAX,OMIN,NPARM,
& NSABS,NMULT,NORDER, JABS,KARS
COMMON/SYMCOM/CHARS, NUM

COMMON/ INDVAL/HMAX, HMIN, KMAX , KMIN, LMAX, LMIN,NORD( 4)
COMMON/UNITS/ NCARD,LNPTR

IENT=3
J=TABS(H) + TABS{(K) + lABS(L)
IF(J.,EQ.B) GO TO 666
[IENT=1
IF{(NTST.LT.3) GO TO 2
NTST=4
RETURN
2 CONTINUE
N=1
NTST=6
1 J=NORD(N)
N=nN+1 .
GO TO (14,22,3¢,53),J
18 H=H+1
IF(H.LE.HMAX) GO TO 59
Hz=HMIN
GO TO 1
20 K=K+1 )
IF(K,LE.KMAX) G0N TQ 53,
KsKMIN
GO TO 1
3R L=L+1 )
IF(L.LE.LMAY)Y GO TO 56
L=LMIN
GD TO 1
58 IF(H.GE.HMAX) NTST=NTST+1
[F(K.GE.KMAX)Y NTST=NTST+1
TFCL GELLMAX) NTST=NTST+)
KOUNT=TABS(H)+1ABS(K)+1ABS(L}
IF(KOUNT.EQ.B) GO TO 3
IF{KOUNT.GT.INDMAX)Y GO TO 3
C# CHECK FOR SYSTEMATIC ABSENCE
207% MTST=a
GO TO (21@,223),NSARS
219 CALL SYSARS(H,K,L,JABS,MTST)
IF(MTST.NE,#) GO TO 3
223 GO TO (232,249 ,N¥ULT

A

(continued)
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23C CALL MULTPL{H,K.,L+JABS,MTST)
IF(MTIST.NE.@) GO TO 3
249 GO TO (25@,27%,302),NORDER
250 IF(NSYS.EQ.4) GO TO 268
IF(L.GT.K} GO T0O
263 IF(L.LT.@) GO TO
IF(K.GT.H)Y GO TAO
IF{K.LT.0) GO TO
IF(H.LT.8) GO TO
GO TO 300
279 IF(H.LT.@Y GO T0 3
{F(H.GT.@) GO TN 300
IF(K.L.T.@) GO TO 3
IF(K.GT.2) GO TO 399
IF(L.LT.@) GO TO 3
3A” IFC(IENT.EQ,1) RETURN
ITH=H
IK=K
IL =L
ITST=MTST
IFCIENT.EQ.2)
SHRITE(LNPTR, 3Bty HMIN,HMAX,KMIN, KMAX,LMIN, L MAX,1H,IK,IL, INDMAX,
& MNPARM,DMIN,KARS, JABS,NSABS, NMULT,NORDER, (NORD(I),»1=1,3)

Gl NN

381 FORMAT(//' SUBROUTINE INDEX'/TS5,*HMIN = *',I13,T25,'HMAX = ',I13,

& TA4AS,'KMIN = ',13,T65,"KMAX = *',I13,T85,'LMIN = *,13,7105, ’

& *ILMAX = ', I3/75,'IH z ',13,T725,'I1K = ',13,745,"']IL = ',

& I3,T65,"INDMAX = ',[3,7T85,"'NPARM = *,I3,T105.'DMIN = ', F9,6/

& 1%, 'KABS = ',1A2,T2%, ' JABS = ', 13,745, 'NSABS = ',13,T65,

& 'NMULT = ',]13,T85,'NORDER = *',13,T16€5, *NORD = *,312)

RETHRN

ENTRY INDSET

READ(NCARD, 612 KABS,NPARM, (NORDCI)I=1,3),HMIN,HMAX ., KMIN,KMAX,

8 LMIN,LMAX, INDMAX,OMIN
612 FORMAT(1A1,111,3X, 311,2X, 6(2X,13), 3X,12, F5.3)
LUMNS: 1., 2, 6~-=-10 11---40 41-45 46=-50
N3ABS=1 CHECK SYSABS BFFORE RETURN
NSABS=¢ SET ACCORDING 70 JaBS
NSABS=2 CHFCK SYSABS IN MAIN PROGRAM, DEPENDS UPON PERMUTATION,
NMULT=1 MO MULTIPLES RFTURNED FROM INDEX,
NMULT=2 MULTIPtL.E VALUES ALLOWED,
NORDER=1 GENERAL ORDERING OF INDICES., H.GE.K,GE.L.GE.D
WJRDER=2 NDRNDERING WITH SOME RELAXATIONS, DEPENDING ON ZERO VALUES.
NORDER=3 NO ORDERING, AlLL IMDICES PASSED,

[ENT=?
IFCINDMAY,LE,tT) IMDMAX=1R#

CHECK RANGE NOF INDICES

617 IF(HMAX.GT.:MIN) 6O TQ £13
HMAY = 4
HMIN=ZO

613 IF(KMAX.GT.KMIN) 6D TO 614
KMAX2HMAX
KMIN=-HMAX

614 TF(LMAX.GT.tMIN) GO TO 615
LMAX=KMAX

{continmued)
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LMINSKMIN

615 CONTINUE
C# CHECK SYSTEMATIC ABSENCES

6241

K=g

Do 628 J=1,9
IF(KABS.EQ,CHARS(J}) K=
[IF(KABS.EQ.NUM(J)} K=J
[F(K.NE.®) GO TN 621
CONTINUE

K=1p

IF(KABS.EQ.CHARS{11)) K=11

621 JABS=K
Ces CHECK NORD, THE SEQUENCE FOR ALTERING THE INDICES.

638

642

=1

J=2

Do 6300 1=1,3
K=NORD{( 1)

L=L#K

JEJ+K

IF(J.NE.6) GO TO 6408
IFCL.EQ,6) GO TO 450
NORD(1)=3

NORD(2)=2

NORND(3)=1

657 NORD(4)=4
C+# NSABS MAY DEPEND UPON PERM., QF INDICES

661

[IF(NSABS.GT.8) GO TD 670
K=(JABS-1)#(JABS-2)#(JABS-3}#(JABS=-6)#(JABS~7)#(JABS-11)
N5SABS=1

IF(K.EQ.B) MNSABS=2

IF(K.EQ.Q) NMULT=2

C# SET STARTING VALUES OF INDICES.

671

24=

H=HMIN

K=KMIN

L=LMIN

NTST=0
KABS=CHARS( JABS )
GO TO 5¢

END

EF s SUBROUTINE SYSABS HBHuan

SUBROUTINE SYSABRS(H,K,L.JABS,MTST)

IMPLICIT INTEGER#4(A-2)

CONTINUE

MTST=@

GO TO (218,220,230,248,250,260,270,280,299,3088,310),JABS

[FCCL+K) JNECCL4K) /20 22) MTST=1
GO TO 309

L IFCLHSL) UNEL CIH+LY /23 22) MTST=1
GO TC 323
IFC(H+K) JNE, ({H+K)/2)#2) MTST=1
Gn TO 3#3

[F(H.FQ.(H/2)%2) GO TN 245
IF(K EQ.(K/2)#2) MTST=1
IFO . FEQ.(L/2)#2) MTST=1

GO T 393

IF(C.NEL(K/2)#2) MTST=1

(continued)
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AdFCLLMNE. (L/72)#2) MTST=1

GO TO 34@

252 IF({H+K+L) . NE, ({H+K+L)/2)1#2) MTST=1
GO TO 329

260 IFC((K+L=H) ME, ((K+L~H)/3)23) MTST=1
GO TO 34g

272 TFC(H+L-K) ,ME, ((H+L-K})>/3)#3) MTST=1
GO TO 304

282 IF(L.EQ.2#(L/2)Y)Y 6O TN 3020
JzH+2#K
IFCJ.FQ.3#(J/3))r MTST=1
GO TO 32¢

299 JsHsH + K#K + L#L
MTST=1

IF(J.EQ.({J/B)#B)) MTST=0
IFCIFO.((U/78)a8+3)) MTST=q
3@ CONTINUE
RETURN
31 CALL XTSYAB(H,K,L,MTST)
IF(MTST.GE.®) GO Y0 315
MTST=0
JABS=1@2
315 RETURN
END

Fens SUBRDUTINE XTSYAR LA LA L

SUBROUTINE XTSYAB (11,12,13.,MTST)

IMPLICIT INTEGER®*4(A-2)

COMMON/UNITS/ NCARD,LNPTR

WRITE(LNPTR, 1)
1 FORMAT{(' ENTHY T0 AUMMY SUBROUTINE XTSYAB:'/' THIS SUBRDUTINE SH
40ULD RE PROVIDED BY THE USER FOR SPECIAL SYSTEMATIC ARSENCES'/

& ' NOT COVERED BY THE PRANGE PROVIDED IN SUBROUTINE SYSABS'//
&' SYSTEMATIC ARSEMCES ARE NOT CONSIDFEREQO TO BE PRESENT')
MTST=-1 ,
RETURN
END

L A SURROUTINE MULTPL L EX T T

SUBROUTINFE HULTPL(H,K,L,JABS,NTST)
IMPILICIT IMTEGFR#4 (A-2)
NTST=2
13 CALl COMFAC(H.,K,L,J)
1% IF¢J.£Q.1) 2ETURN
HT=H/)
KT=K/.)
LT=1./
J=d-1
22 D0 3@ JT=1..)
HX=HT#JT
K{=KT&JT
LX=1 T#JT
CALL SYSAES{HX,KX,L¥,JARS,MTST)
IF(MTST.EN,#) GO TO 4@

(continued)
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3¢ CONTINUF
RETURM
4% NTST=1
A SUBMULTIPLE HAS REEN FOUND WHICH IS NOT A SYSTEMATIC AHSENCE,
THIS SUBMULTIPLE HAS BEEN (OR WILL BE) PROCESSED IN ITS DUE TURN,
RETURN
END

Baans SUBROUTINE COMFAC et

SUBROUTINE COMFAC (711,12,13,J)

DETERMINES H.C.F. OF FIRST THREE TERMS AND RETURNS VALUE IN LAST TERM
TERMS CONTAINING ZEROS ARE IGNORED UNLESS ALL ARE ZERO,
IN WHICH CASE A VALUE OF -148 IS RETURNED

IMPLICIT INTEGER#4(A=7)
I=]ABS(I11) .
J=TABS(12) ‘ N
K=T1ABS(I13)
IF(I*J.EQ.8) GO TO 20
CALL FACTOR(I.,J)
IF (J.,EQ.2) GO TO 10
[F (K.ER.Z) GO TO 1@
CALL FACTOR(J:K)
1% RETURN
20 J=J+1
IF (J.EQ.8) GO TO 3@
IF (K.EQ.Q) GO TO 4@
CALL FACTOR(J.K)
RETURN
39 J=K
IF (K.EQ.8) J=-14p
4% RETURN
END

Ein b SUBROUTINE FACTOR HRHRE

SUBROUTINE FACTOR(I, )
REOUCES BOTH TERMS TO THEIR HIGHEST COMMON FACTOR
IMPLICIT INTEGER#4(A-#)
19 IF (J.E0,3) GO TO 29
I[=1=-{1/4)%y
ITEMP=]
I=J
J=ITEMP
GO Tn 1@
29 J=1
RETURN
END

(continued)
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HaRE g SUBRROUTINE PERM RN

SUBROUTINE PERM(AH,AK,AI,AL,N,NZ )
IMPLICIT INTEGER#4(A~7)
IF{NZ.LT.@) RETURN
N=N+1

NY=(N-11)/6

NX=N-6#NY

NY=NY+1

IF(NSYS.EG,.4)G0o TO 18
GO TO (5,2,3,2,4,2),NX
T=AK

AK=AL

AL=T

GO 10 6

T=AH

AH= AL

AL=AK

AK=T

GO TO 6

T=AH

AH=AK

AK=AL

AL=T

GO TO 6

T=AH

AH=AL

AL=T

IF(NX.NE.1)GO TO 1J

GO TO (19,9,8,9,7,9,8,9,7),NY

AH==AH
AK==-AK
AlL==-AL

GO TO(14,12,13,12,14,11,13),N2
IF(NX.EQ,6)G0 TO 14
IF(NX.EQ.4)GD TO 14
IF(NX.EQ.1)G0 TO 14

GO TO 1

IF(NX.EQ.6)G0 TO 14
IF(NX.EQ.3)GO TO 14
IF(NX.EN.1)G0 TN 14

GO TO 1

IF(NZ.LE,4)GD TO 17
IF(NZ.LE.6)GO TN 16
IFINY.E0.1)560 TO 17
IF(NY.ER.BXGO TN 17
IF(NY. EN.S)G0 TO 17

GN TO 1
IF(NY.EQ.{NY/2)#2)Y50 T0 1
IF(N.GT.NV) Nf=-1

RETURN

CONTINUE

GO TO (118,129,12m»,119,122,121,121), N2
N=N+11

AL=-AL

GO 1O 24

IF(NX.LT.4) GO TD 118
N=N+3

(continued)
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~T=s=AK
AK=~A1
Al=<AH
AH=T
IF(N.ER,13) AL==AL
IF(NLEQ.25) Al=z-AlL
GO TO 24
121 IF(N.LT.19) GO TO 129
T=Al
Al=-AH
AH=-AK
AK==T
N=25
NZ=-1
RETURN
122 IF(NLLT.13) GO TO 118
AH==AT
A==-AK
N=25
NF=-1
RETURN
118 GO TO (19.,20,20,19,20,20),N¥
19 T=Al
Al=AH
AH=T
Go TO 21
2% T=AH
AH=AK
AR=A]
Al=T
21 IF(NX,NE,1) GO TD 24
GO TO (24,2%,22,23,22),NY

22 AlL=-AL
23 AH=-AH
AK=-AK
Al==AT
29 IF(NJE.NV) RETURN
NZz-1
25 RETURN
ENT"-\’Y P°F1‘3E'T(HpK; I thN’NZpNSYS)
N=1
37 NE=1

[F(L.EQ.2) NE=SE
TF(H.EQ.K) NM2anNZ+]
IF(NSYS,ER.4) GO TO 38
[FIK.EQ.L) NZaN#F+2
V=48
RET:IRY

37 IF(K.FQ.g) M2=HZ+2
NW=D4q
RETURN
END

{continued)
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ey SUBROQTINE BLOCK DATA wHER &Y

BLOCK DATA

IMPLICIT REAL#B8(A-H,0~2), INTEGER#4(]-N)

LOGICAL#1 CHARS(12),NUM(13)

COMMON/SYMCOM/CHARS, NUM

DATA  NUM /"2, "2, 73", 74", "5, 76,71, '8','9",'@",ter, ' T, 1ot 4
DATA CHARS/'A','B','C','F' "I, 'R" 'R, "H','D",'P', & /
COMMON/UNITS/MCARD,ILNPTR

DATA NCARD,LNPTR/1,3/

END

EhHa SUBROUTINE INSRTSH LRt

SUBROUTINE INSRT8(N,NDIM,NTST,D,0AR,H,K,I.L,RH,RK,RL,
&HAR,KAR, IAR,LAR,RHAR,RKAR,RLAR)

IMPLICIT REAL#R(A~H,0-7), INTEGER#4(]I-N)
COMMON/INSRT/ERROR, IDUP

C# T0O REJECT DUPLICATE 'D* VALUES NDUP=1

Cs TO INSERT DUPLICATE 'D' VALUES NDUP=2

Cs NTST=-1 ,(N.GE,NODIM) ARRAYS FILLED PRIOR TO THIS CALL

C# NTST=Q VALUE INSERTED

C# NTST=+1 VALUE NOT INSERTED AS EGUAL VALUE ALREADY ENTERED,

INTFGER#4 RHAR(NDIM),RKAR(NDIM),RLAR(NDIMY,RH,RK,RL
INST=8

JRH=RH

JRK=RK

JRL=RL

GO TO 149

ENTRY INSRTS(N,NDIM,NTST,D,DAR,H.,K,1,L,.HAR,KAR, 1AR,LAR)
INST=5
1@ CONTINUE
INTEGER#4 TAR(NDIM),I
JI=1
GO 70 22

ENTRY INSRT4(N,NDIM,NTST,D,DAR,H,K,L,HAR,KAR,LAR)
INST=4
232 CONTINUE
INTFGER#4 HAR(NDIM),KAR(NDIM),LAR(NDIM),H,K,L
JH=H '
JK=K
JL=L
GO TG 3¢

ENTRY INSRTL(N,NDIM,NTST,D,DAR)
INST=1
3% CONTINUE
DIMENSION DARCNDIM)
DM7=1.,80-37
AD=D
NTST=0
IF(N.LT.NDIMY GO TO 168

(continued)
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123
124

125
130

135

149

154

172

NTST=-1

RETURN

CONTINUE

IF(N.EQ.B) GO TO 157
Do 138 J=1,N

JA=J

IF{DABS(AD).LT.0OM7) GO T0O 123
IF(DABS((AD-DARtU))/AD),LT,ERROR) GO TO 125

GO TO 124

IF(DABS(AD-DAR(J)).LT,.DM7)
IF(DAR(J).LT,ADY GO TO 135

GO TO 130

GO TO0 (176,124),1DUP
CONTINUE

GO T0 150

Nz=N+1

DO 149 J=JA.N

T= DAR(Y)

DAR(CJ)Y=AD

AD=T

IFCINST.LE.L) GO TO 149

NT=HAR(.J)
HAR(J) = JH
JH=NT
NT=KAR(J}
KAR(J)Y=JK
JK=NT
NT=LAR{J}
LAR(JY=JL
JL=NT

IFCINST,LE.4) GO TO 142

NT=TAR(J)
TAR(J)= U]
JI=NT

IF(INST.LE.5) GO TO 148

NT=RHAR(D)
RHAR(J)Y=JRH

JRH=NT

NT=RKAR(J)

JRE=NT

REKAR(.J)=JRK
NT=RLARC(J)
RLAR(J)=JRL

JRL=NT

CONTINUE

RETURN

N=N+1

DAR(NY=AD
IFCINST.LE.1) RETURN
HAR(N)=JH

KAR(NY=JK

LAR{NY=JL
[F{INST.LE.4) RETURN
TAR(NY=J1
IFCINST,LE.5) RETURN
RHAR(N)=JURH
RKAR(N)=JRK
RLAR(N)I=JRL

RETURN

NTST=+1

47

GO To 125

-

(continued)
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RETURN
END

HEakR SUBROUTINE FUNZ LA AR S

SURROUTINE FUNZ (A1,B1.C1,E1,F1,G1,2Z,NTYPE)
IMPLICIT REAL#8(A-G,0-2), INTEGER#4(H-N)

SOLVES THE EQN,: AsX#X+B#YaY+C#Z#Z+24E#YaZ+2uFaX*Z+24GrYMY=g

FOR A FIXED VALUE 0of #:
X 15 DETERMINED AS A FUNCTION OF Y (ENTRY FUNOFY)
Y IS DETERMINED AS A FUNCTION OF X (ENTRY FUNOFX)

DATA ZERO/0.0D+08/, ONE/1.0D+08/, TWO/2.00+08/, DMB/1.8D-U8/
E2=THO%*E1

F2=THWo*F1

G2=THO#G1

EZ=E247

FE=F24%

C#2=CluZ%Z
BSQ4AC=GZ2#G2-TWO*THO#AL1+B1. .
IF(DABS(BSQ4AC).LT.DMB) BSQ4AC=2ERC
NTYPE=1

IF{BRSA4AC.EQ.ZERD) NTYPE=2
IF{RSQ4AC.GT,ZERD) NTYPE=3

NTYPE=41, CURVE IS AN ELLIPSE,
NTYPE=2, CURVE IS A PARABOLA,
NTYPE=3, CURVE I8 A HYPERBOLA,

20

22

24

3a

32

34

ige

RETURN

ENTRY FUNOFY(X,Y,NSY,JTST?
JTST=+1

AzAl

B=FZ+G2#Y
CzBLlu#Ys#Y+CZ2+EZsY
DEL=B#B-THO#TWOsA=C
IF(DEL.LT.DM8) GO TO 12@
DEL=DSQRT(DEL?}

X=(-8B+ NSY=DEL)/(TWO#A)
RETURN

ENTRY FUNOFX(X,Y,NSX,JTST}
JTST=+1

A=B1

B=EZ+G2#X
CzALleXuX+CE22+F 20X
DEL=B#B-TWO#THO®#A%C
IF(DEL,LT.DM8}) GO TO 1249
DEL=DSQRT(DEL)

Y=(~B+ NSX#DEL)Y/(TWO*A)
RETURN

JTST==1

RETURM

END

{continued)
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Haney SUBROUTINE {ABAL Rl

SUBROUTINE LABAL (H,K,I,L,A1,A2,NSYS)

C THE ABSOLUTE VALUES OF THE INTEGERS (H,K,I,L) ARE PLACED IN A1,
C AND THEIR SIGN IS PLACED IN A2, IF N=0 INSTEAD OF 4 THEN INTEGER [ IS
C IGNORED AND INTEGER L PLACED IN THE THIRD POSITION.
C IF ANY INTEGER IS GREATER THAN 9, IT IS REPLACED WITH «.
LOGICAL=1 CHARS(12),NUM(13),A1(4),A2(4)
INTEGER#4 H,K,I,L,M,N,IR(4),NSYS
' COMMON/SYMCOM/CHARS , NUM
4 IB(1)=H
' IB(2) =K
IB(3)=1
IB(4)=L
N=NSYS

IF{N.NE.4) N=3
IF{N.EQ.3) IB(3)=L
Al(4)= NUM({12)
A2(4)= NUM(12)
DO 19 J=1,N
A2(J)= NUM(12)
[FCIBCYY.LT.@) AZCJ)= NUM(13)
M=TABS(IB{J))
IF(M,GT,9) M=13
IF(M.EQ.@) M=1g
AL (4= NUM(M)

19 CONTINUE
RETURN
END
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APPENDIX B
LISTING OF MAIN PROGRAMS

PROGRAM DSPACE
IMPLICIT REAL#8(A-~G,0-2), INTEGER#4 (H=-N)
LOGICAL=®1 KABS
INTEGER#4 RH;RK.RL,RHAR.RKAH.RLAR.RHARB,RKARB,RLARB
COMMON/XTLCOM/ A:B.C;ALFA,BETA,GAMA.NSYS;NAME(5)
COMMON/INDCOM/ IH;IK;]L-lTST.KOUNT.INDMAX;DMIN.NDP:
& NSABS;NMULT.NORDERuJABS.KARS
COMMON/UNITS/NCARD,LNPTHR
COMMON/INSRT/ERROR, [DUP
DIMENSION HAR(4@®)pKAﬂ(4ﬂﬂ),IAR(Q&@).LAR(40ﬂ).HARB(4BG).KARB(4ﬂﬂ)p
& IARB(4ﬂﬂ)pRHAR(4U@);PKAR(4ﬂﬁ).RLAR(4ﬂﬂ);LARB(4W@);RHAR9(4B@).
& RKARB(dBﬂ);RLARB(4HQ);DAR(4M@).UARQ(4QQ)
NDIMz=40Y
1 CALL XTLSYS
IFCA.LT.B.0W1)Y GO T0 16400
NSARS=1
NMULT=2
NORDER=3
CALIL. INDSET
J=0
NUM=@
IDyp=2
ERROR=1.H0~75
g H=1IH
K=1K
L=1L
JTST=ITST

28 IF(H.LT.U} GO TO 8¢

CALL IDCALC(H,K,L,AID)
IF(AID.LT.BMIN) GO TO 8¢
IF(NSYS.NE.4) GO TO 7@
[2={H+K)

IFCJABS . NE.6) GO TO 46

3% RH=({2#H+K+L)/3

4

5

Tt
n

6

RK={-H+K+L)/3

RLs(~H=-28K+L)/3

GO TO 54
B IF(JABS.NE,7} GO TO 6@

RH= (H-K+[.) /3%

RK={H+28K+L) /3

RL=(-2#H-K+{.)/3
@ IF(H.LT.@) GO T0O 80

IF(K.LT.2) GO 1D 88

CALL INSRTB(NUM,NDIM,NTST,AID,DARB,H,K,I,L,RH,RK,RL,HARB,KARB,
& [ARB, LARB,RHARB,RKARB,RLARR)

IF(NTST.LT,.®) GO TO 2728

RHAR(NUM) =RH

RKAR(NUM) =RK

RLAR(NUM)=RL

GO TO 65
B IF(K.LT.@) GO TD 8@

IF(L.LT.@) GO 70 B¢

[F(K.GT.H}Y GO T0O RY

CALL INSRTS(NUM,NDIM,NTST,AID,DARE,H,K,1,L,HARB,KARR, IARB,LARB)

{continued)
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[FINTST.LT.G) GO TO 200
65 TAR(NUM)=]
GO TO 78
74 IF{NSYS.GT.3) GO TO 74
GO TO (71.73,72).,NSYS
71 IF{L.GT.K) GO TO 8%
72 IF(L.LT.2) GO 70O 86
73 IF(K.GT.H) GO TO 88
IF(K.LT.98) GO TO 8%
Go 10 77
74 IF{NSYS.EG,.8) GO TO 77
IF(NSYS,EQ,7) GO TO 76
IF(NSYS,EQ.6) GO To 75
IF{K.LT.®) GO TO 8¢
75 IF(L.LT.8) GO Ton &g
IF(H,NE.B) GO TO 77
IF(K,LT.®) GO TO 8@
GO TO 77
76 IF(K.LT.@) GO TO 8@
IF(H.NE.@) GO TO 77
IF(L.LT.@) GO TO 8@
77 CALL INSRT4(NUM,NDIM,NTST,AIE,DARB,H,K,L,HARB,KARB,LARB)
[F(NTST.LT.@%#) GO TO 200
78 HAR{NUM}=H
KAR(NUM) =K
LARCNUM) =L
DAR(NUMY=AID
8@ CALL INDEX(H,K,L,JTST)
IF(JTST.LT.4) GO TO 20
288 CONTINUE
2Pl J=¢
C**ﬂ'**ﬂ'“*ﬂ**********'ﬂ********ﬂ***********'ﬂ'ﬂ'ﬂ'ﬂ'ﬂ"ﬂ'H'###'Hﬂﬂ'**ﬂﬂ‘ﬂ'ﬂ‘*******'ﬂ%****l**l*ﬂ
202 WRITE(LNPTR,2083) NAME,KABS
20% FORMAT(1H1,T18, 'PROGRAM DSPACE',T50,5A4/
& T50,'REFLECTION RESTRICTION: ',1A1)
GO 10 (219,22¢,230,244,258,260,27%,288) ,NSYS
C*'.‘H‘!‘*'N'*******#*ﬁ***********!**ﬁ'*‘ﬂ'*#ﬂ'*******‘ﬂ'**‘ﬁ*ﬂ*************ﬂ****iﬁ**##ﬂ“**ﬂ
210 WRITE(LNPTR,211) A
211 FORMAT(T10,'CUBIC SYSTEM'/T1d,'A="',F7.4/)
GO TO 3@
CH'*l-a‘*ﬂ'****ﬁ'****ﬂ***********-ﬁ##***#*!'-}-H-§***-H-****.*ﬂ****ﬁ'*ﬂ'*******lﬂ*******%*****
220 WRITE(LNPTR,221) A,ALFA
221 FORMAT(T1@, 'RHOMBGHEDRAL SYSTEM'/
& T1@,'Az'",F7.4,5X:"ALPHA=",F6,2)
GO TO 37@
C’*****************ﬁ*******ﬂ-*ﬁ**#ﬂ'*ﬂ'ﬁ'*ﬁ'ﬁ'***'H"ﬂ'ﬁ**-H-***********l*ﬂ**********#**"l
238 WRITE(LNPTR,231) &A.,C
231 FORMAT(T10,'TETRAGONAL SYSTEM'/
& Ti1d,'A=',F7.4,5X,'C=",F7.4)
GO TO 300
C****"ﬁ‘ﬂ'**ﬂ*#************************#*******ﬂ***#*ﬂ'#******ﬂ#*******ﬁ'*ﬁ**ﬂﬂ*****
242 WRITE(LNPTR.241) A,C
241 FORMAT(T1Q, *HEXAGONAL SYSTEM'/
& T16, *A='",F7.4,5X,'C=",F7.4)
GO TO 409
C*****#***ﬂ****#ﬁﬁ********ﬂ'*##***-H**#**%*##*%***%*%%*********************ﬂ*ﬂ**ﬂ
250 WRITE(LNPTR,251) A,B,C
251 FORMAT(T10, 'ORTHORHOMBIC SYSTEM®/
& T4@, A=, F7.4,5X,'B="1,F7.4,5X,'C="',F7.4)
Go TO 357

(continued)
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Ci#&*&*ﬁﬂ##**#***&#Gﬂ************a**ﬂ*#ﬁ*q***********un&iﬂ******llu#****apua#pnu
260 WRITE(LNPTR,261) A,B,C,GAMA
261 FORMAT(T1@, 'MONOCLINIC SYSTEM : 1 ST. SETTING'/
& Tiﬁ.'A='.F7.4:5X;'BZ'.F7.4'5X.'C=':F7.4:5X-'GAMMA=';F6.2)
GO TO 368
C*************ﬁ**ﬁ**‘****ﬂ'*ﬁ**ﬂﬁ'ﬂ'ﬂ'ﬂ'***********ﬂﬂ‘*ﬂ*ﬁ#“*ﬂ'**i****ﬂ‘#**********“****
278 WRITE(LMPTR,271) A,R,C,RETA
271 FORMAT(T18, 'MONOCLINIC SYSTEM : 2 NO. SETTING'/
& T1GI.A='IF7I4.5X"B=LJF7I4JSXI'C='IF7.4l5xl.BETA=' 1F6.2)
GO T0 309
c****ﬂ'*******H’ﬂ'*%ﬂ*"‘***'l'ﬂ*******%****#***'*ﬂ#**ﬂ*‘**ﬂ'*‘I'***************'*ﬂﬁ*“ﬂﬂﬂ*
282 WRITEC(LNPTR,281) A,B,C,ALFA,BETA,GAMA
281 FORMAT(T1@,'TRICLINIC SYSTEM'/T10,'A="',F7.,4,5X,'B="',F7,4,58X,
& 'C=',F7.4,5X, "ALPHA=",F6,2,5X, "BETA=' ,F6.2,5X, 'GAMMA=",F6.2)
C****ﬂ'**'*lﬂ*'ﬂ*******'H'*ﬂ'***'ﬂ'ﬁ'{l‘*'H'**‘!"u'*******'ﬁ*“'*******ﬂ'*i‘******“****l'**ﬂ**‘ﬂ'"'
383 WRITE(3,301)
361 FORMAT(/T16,'H K LY,T3@,'D*,T46,"'H K L', T&B,'D")

382 J=J+1
C * 4 # # * # # #* # * ) # * » *
WRITE(LNPTR,312) HAR(J) .KAR(J),LAR{(J) ,DARCJY,HARB(J},KARB( ),
] LARB(J),DARB())

318 FORMAT(T13,314,T28,F6.3,T43,314,T58,F6.3)
lF;J.GE.NUM) Go To 90@
[F(J.EQ.(J/5@)Ye50) GO TO 282
328 GO TO 392
Clil*l*!**I***i#***ﬂ#****i*ﬁ#***#**###**i##ﬂ!H*ii**#!i*il**ﬂ*&**Ilillllll*ii*lli
438 IF(JABS.EQ.6) GO TD 410
IF(JABS,EQ.7) GO TO 428
WRITE(3,481)
431 FORMAT(/Ti6,'H K | L', T33,'D*',T46,'H K I L',T63,'D')
492 J=J+1
WRITE(LNPTR,485) HAR(J),KAR(J)Y,TAR{J),LARCJ),DAR(J),
8 HARB(J) :KARB(J), 1ARB(J),LARB{J),DARB(J)
435 FORMAT(T13,414,7T31,F6,3,T43,414,T61,F6.3 )
IF(J.GE.NUM) GO TO 9@0
IF(J.EQ,.{(J/50)%50) GO ToO 2@2
409 GO TO 4922
c » » * # # # # # * * # * » » »
410 WRITE(3,411)
411 FORMAT(T10,'0BYERSE RHOMBOHEDRAL ORIENTATION RESTRICTIONS™)
GO TO 430
420 WRITE(3,421)
421 FORMAT(T1d, ' INVERSE RHOMBOHEDRAL ORIENTATION RESTRICTIONS™)
430 WRITE(3,431)
431 FORMAT(/T6, *HEXAGONAL',T26, '"RHOMBOHEDRAL"',T56, '"HEXAGONAL',T72,
& 'RHOMBOREDRAL'/T6,'H K I L',T22, 'H K L',T36,'D',
& TS6,'H K I L', T72,'H K L',T86,'D"}
C L] B * % +#* #* #* # #* * * * #* #* L)
440 J=J+1
WRITE(LNPTR,441) HAR{J),KAR(J), 1AR(J),LARCJ),RHAR(J) ,RKAR(J),
& RLAR(JY,DAR(J),HARB(J) . KARB(J), IARB(J),LARB{J),RHARB(J},RKARB{J)
8,RLARB(J),DARB( )
441 FORMAT(T4,413,T28,313,T34,F6.3,154,413,T70,313,T84,F6.3)
IF{J.GE.NUM) GO TO 508
IF{J.EQ.(J/52)=5@) GO T0 282
450 GO TO 44p
I N o A 322 r LT L L L L L L L T w g I g g S P Aoy
900 WRITE{(LNPTR,901) NUM
991 FORMAT(/" ', T29,'THERE ARE ',I4,' ENTRIES IN THE TABLES')

GO 70 1

(continued)
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18p8 STOP
END
PR PROGRAM ANGLES HEEHR
C# PROGRAM ANGLES J«G.NAPIER, E4

IMPUICIT REAL¥*8(A-G,0-Z), INTEGER#4(H-N)
LOGICAL#1 KABS
COMMON/XTLCOM/A,B,C,ALFA,BETA,GAMA,NSYS,NAME(5)
COMMON/TNDCOM/IH, IK, IL, ITST,KOUNT, INDMAX,DMIN,NDP,
& NSABS,NMULT,NORDER, JABS,KABS
COMMON/UNITS/NCARD,LNPTR

COMMON/INSRT/ERROR, IDUP

ERROR=1.4D-07

ZERD=0,0D+20

DIMENSION ANGLES(2588),TABA(SH),TABB(5@),
& HAR(50),KAR(50),1AR(56),LAR(58),IPA(S]),
8 HBR(50),KBR(50),IBR(58),LBR(50),IPB(502)

1 CALL XTLSYS
IFCA.LT.ERROR) SToP
NSABS=0
NMULT=1
NORDER=1
CALL INDSET
IF(NDP,LE,#) NDP=3
IF(NDP.GT,3) NDP=3

2 HX=1H
KX=1K
LX=1L
NTSTA=ITST

120 JX=1p3p
IDUP=1

3 HA=HX
KA=KX
LA=LX

4 TA==-(HA+KA)

MTST=0Q
NUMA=Q
CALL PRMSET(HA,KA,IA,LA,NA,NZA,NSYS)

Cs N#=PERM, NO, NZ= IS POSATIVE UNTILL END, THEN GOES NEGATIVE,

IDUP=1

IF(NSABS.NE.1) GO TO 19

GO TO (4,7,7}).NDP

CALL IDENT(HA,KA,LA,AIDA)

G0 TO 8

7 CALL TDCALC(HA,KA,LA,AIDA)
IF(AIDAL.LT.DMIN) GO TO 9

o

8 CALL INSRT5(NUMA,5@8,MTST,AIDA,TABA,HA,KA, IA,LA,HAR,KAR, JAR,LAR)

9 CALL PERM{HA,KA,IA,LA,NA,NZA)
IF(NZALLT,@) GO TO 12
[F(HA,LT.@) GO TO 9
GO TO (11,18),NSARS

18 CALL SYSABS(HA,KA,LA,JABS,MTST)
IF(MTST.NE.®1) GO TO 9

11 IF(NMULT.NE.2} GO TO 5
CALL MULTPL(HA,KA,LA,JARS,MTST)

(continued)
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IF(MTST.NE.®) GO TO 9

GO TO B
[F(NUMA.EQ.DQ) GO TO 58

NOW HAVE TABLES OF PERMED INDICES AND AID( NO DUPLICATES )

GENERATE SIMILAR TABLES FOR THE SECOND SET OF INDICES ( WITH DUPLICATES )

13

14

15

16
17

i8

19
20

21

22

23

HY=HX

KY=KX

LY=sLX

NTSTB=NTSTA

HB=HY

KB=KY

LB=LY

HT=HB

KT=1«B

IT==HT=~KT

LT=LB

IB==(HB+KB)

MTST=p

NUMB=0

IDUP=2

CALL PRMSET(HB,KB,IB,LB,NB,NZB, NSYS)
IF(NSABS,NE.1)} GO TO 21

GO TO (17.,18,18),NDP

CALL IDENT(HB,KRB.,LB,AIDR)

G0 TO 19

CALL IDCALC(HB,KB,LB,AIDB)
IFCAIDB.LT.DMINY GO TO 208

CALL INSRTS(NUMB,5@,MTST,AIDB, TABB,HB, KB IB.,L.B,HBR,KBR, IBR,LBR)
CALL PERM(HB,KB,IB,LB,NB,NZB)
IF(NZB,L.T.@) GO TO 23
IF(HB.LT.B) GO TO 2¢

GO TO (22,21).N8ABS

CALL SYSABS{HB,KB,LB,JABS,MTST)
IF{MTST.NE. Q)Y GO TO 24
IF(NMULT.NE.2) GO TO 16

CALL MULTPL(HB,KB,LRB,JABS,MTST)
IF(MTST.NE.2) GO TOQ 29

GO TO 16

IF(NUMB.EQ,2) GO TQ 40

THD SETS OF TABLES NOW READY, NOW USE THEM,

IDUP=1

SELECT FIRST AVAILABLE SET OF INDICES

30

DO 1988 JA=1,NUMA
HA=HAR(JA)
KA=KAR(JA)
TA=~HA-KA
LA=LAR(JA)
AIDA=TABA(JA)}

SELECT FIRST AVAILABLE SET OF THE SECOND INDICES

32

33

34
35

NANG=@

DO 2888 JB=1,NUMB

HB=HBR(JB?

KB=KBR(JB)

LB=LBR(JB)

AIDB=TABB(UB)

GO TO (33,34,34),NDP

CALL INGDI!R(HA,KA,LA,AIDA,HB,KB,LB,AIDB,ANG,COSANG)
GO TO 35

CALL INGPLN(HA,KA,LA,AIDA,HB,KB,LB,AIDB,ANG,COSANG)
ANG=DABS (ANG)?

{continued)}
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ANG=DMINL(ANG, (180.D+03-ANG))
IF{ANG,LT,ERROR) ANG=ZERO
CALL TINSRT1(NANG,2508@,MTST,ANG, ANGLES)
IF(NDP,NE.1) GO TO 2R200
ANG=180.0D+ARB-ANG
CALL INSRT1(NANG,25@8,MTST,ANG, ANGLES)
2808 CONTINUE
199 IF(NSYS.EQ,4) GO TO 413
GO TO 323
Cs PAGE TITLES AND PRINTOUT
- 2082 CONTINUE
201 JX=p
282 WRITE(LNPTR,203) NAME,KABS
203 FORMAT(1H1,T14, 'PROGRAM ANGLES',T50,5A4/
& T5@,'REFLECTION RESTRICTION: *,1A1)
GO TO (2106,220,2306,240,250,260,270,280),NSYS
210 WRITE(LNPTR,211) A
211 FORMAT(T1i®,'CUBIC SYSTEM'/T1@,'A="',F7.,4/)
GO TO 348
220 WRITE(LNPTR,221) A,ALFA
221 FORMAT(T10, 'RHOMBOHEDRAL SYSTEM'/
& Tid, 'A=',F7.4,5X, "ALPHA=",F6.2)
GO TO 30@
230 WRITE(LNPTR,231) A.C
231 FORMAT(T1@, 'TETRAGONAL SYSTEM'/
& T1M,"A=",F7.4,5X,'C=",F7.4)
GO TO 3240
240 WRITE(LNPTR,241) A,C
241 FORMAT(T1d, 'HEXAGONAL SYSTEM'/
& T1@,'A=",F7.4,5X,'C=",F7.4)
GO TO 408
258 WRITE(LNPTR,251) A,B.,C
251 FORMAT(T10,'ORTHORHOMBIC SYSTEM'/
& T1d,'A=',F7.4,5X,'B=",F7.4,5%,'C="',F7.4)
GO T0 309
260 WRITE(LNPTR,261) A,B,C.GAMA
261 FORMAT(T1@, *MONOCLINIC SYSTEM : 1 ST, SETTING'/
& Tigr'A='JF7|4;5XI'B='»F7-4’SX"C='JF7|4IBXJ'GAMMA='JF6-2)
GO TO 390
272 WRITE(LNPTR,271) A,B.C,BETA
271 FORMAT(T18, 'MONOCLINIC SYSTEM : 2 ND. SETTING'/
& T1ﬁ"A='JF7|4DBXl'B="F7|4’5xJ'C='IF7|455XI'BETA=' lF6-2)
GO TO 368
288 WRITE(LNPTR,281) A,B,C,ALFA,BETA,GAMA
281 FORMAT(T18,'TRICLINIC SYSTEM'/T10,'A=',F7.4,5X,'B=",F7.4,5X,
& 'C=*,F7.4,5X, "ALPHA=',F6.2,5X,"'BETA=",F6.2,5X, 'GAMMA=",F6,2)
300 IF(NDP.EQ.1) WRITE(LNPTR,361)
31 FORMAT(/T8,'SPECIFIC',T22, 'GENERAL",
& /T8,'U v W*,T22,'U v H',
& T4%, ' ANGLES BETWEEN DIRECTIONS")
IFI(NDP.NE.1) WRITE(LNPTR,3082)
3@2 FORMAT(/T8,'SPECIFIC',T22,'GENERAL",

8 /78, 'H K L',T22,'H K L',
3 T46,'ANGLES BETWEEN PLANES')
GO TO 324

303 IF(JX.GE.58) GO TO 200
324 WRITE(LNPTR,310}) HA,KA,LA,HT,KT,LT, (ANGLES(I),I=1,NANG)
318 FORMAT(/T5,314,719,314,(734,12F8.,2))
GO TO 1008
478 IF(NDP,EQ.1) WRITE(LNPTR,481)

(continued)
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402
8
&

403
44
410
1009
49

41
5@

- 59

FORMAT(/T5,'SPECIFIC',T21, 'GENERAL"
/T4, VT W', T28,'0 V T W',
T40, ' ANGLES BETWEEN DIRECTIONS')
IF(NDP.NE,1) WRITE(LNPTR,422)
FORMAT(/TS5, 'SPECIFIC',T21, 'GENERAL"
/Té4,'H K 1 L', T28,'H K 1 L',
T40,'ANGLES BETWEEM PLANES')
GO TO 404
[F(JX,GE.58) GO TO 200

WRITE(LNPTR,410) HA, KA, TA,LA,HT KT, IT,LT, (ANGLES(T),I=1,NANG)

FORMAT(/T2,413,T18,413,(734,12F8.2}))
JXZ(NANG=1)/12+2+JX

CALL INDEX(HY,KY,LY,NTSTB)
IF{NTSTB,LT.4} GO ToO 14
WRITE(LNPTR,41)

FORMAT{(' ')

JX=1+0X

CALL TINDEX{HX,KX,LX,NTSTA)
IF{NTSTA.LT.4) GO TO 3
IF{NDP,.LT.3) GO TO 1

NDP=1

NSABS=1

JABS=10

NMULT=1

Cs PR

HX=p

KX=@

LX=0

NTSTA=D

CALL INDEX(HX KX,LX.NTSTA)
GO TO 108

END

Hpenn PROGRAM STRFSB HHEHR

OGRAM STRFSBH
IMPLICIY REAL#8(A-G,0-Z), INTEGER#4(H-N)

"LOGICAL*1 KABS

10

CALL ERRSET(2088,8,~-1.0)

INTEGER#4 RH,RK,RL

REAL*8 KV

COMMON/XTLCOM/ A,B,C,ALFA,BETA,GAMA,NSYS,NAME(5), VOLUME

COMMON/INDCOM/ TH,IK,IL,ITST,KQUNT, INDMAX,DMIN, SN,
NSABS,NMULT,NORDER., JABS,KARS

COMMON/UNITS/NCARD,LNPTR

COMMON/INSRT/ERROR, IDUP

DIMENSION FHKLX(58)

ERROR=5,00-03

10UP=1

DMR2=1.,@0-82

CALL XTLSYS

IF(A.LT.ERRODRY GO TO 1686

NSABS=0

NMULT=2

NORDER=1

CALL TINDSET

J=0

CALL ATMPDT ( VOLUME,WAVE,RELMAS,KV,INDIC )

HX=1H

(continued)
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KX=1K
L.X=T1L
JTST=ITST
11 H=HX
K=KX
L=LX
12 I==H=K
NUMT =g
CALL PRMSET(H.,K,I1,L,N,NZ,NSYS)
13 GO TO (15,14).NSABS
14 CALL SYSABS(H,K.,L,JABS,MTST)
IF(MTST.NE,@} GO TO 8%
15 CALL IDCALC(H:K,L,AID)
IF(AID.LT.OMIN) GO TO 80
CALL FCALDT(H,K,L,AID,FHKL,TOD)
IF(TO.GT.OM2) GO TO 16
TO= (NUMT+2)#({1,PE+12)
16 CALL INSRTL(NUMT,S®,MTST,FHKL,FHKLX)
IF(MTST.NE,.B) GO TO 8@
IF{(NSYS.NE,.4) G0 TQ 328
IF(JARS.NE,8) GO TO 40
C# RHOMBOHMEDRAL ON OBVERSE HEXAGONAL INDICES CHECK
30 RH=(2#H+K+L)/3
RKz (~H+K+L)/3
RLe(~H=2#K+L)/3
GO TO 4708
Cx RHOMBOHEDRAL ON INVERSE HEXAGONAL INDICES CHECK
4% IF{JARS.NE.7) GO To 449
RH= (H=K+L)/3
RK=(H+28K+|}/3
RLz(-2#H~-K+L)/3
GO TO 470
C#H#***ﬂ!#*ﬂﬂ******%*&*****iH!'*ﬁﬁ-ﬂ#ﬁ-*.:-#ﬁ—*#ﬁ*#***#*ﬂ-ﬂ-***#***iﬂ—*******l***ﬂ*#ﬁ**{ﬂ--
209 MRITE(LNPTR,2@1) NAME,KABS
201 FORMAT('1 PROGRAM STRFDT',T50,5A4,T9@,'REFLECTION RESTRICTION=
&,1A1)
GO TO ( 203,205,287 ), INDIC
203 WRITE(LNPTR,204) KV,WAVE,RELMAS
274 FORMAT(/* SPECIFIED BEAM KV. = *',F6.1, BX,'WAVELENGTH = ',F7,4,
& BX, 'RELATIVISTIC MASS = ',FB.5)
GO TO 209
205 WRITE(LNPTR,286) WAVE
286 FORMAT(/' SPECIFIED X-RAY WAVELENGTH = ',F8.5,' ANGSTROMS®)
GO TO 209
207 WRITE(LNPTR,288) WAVE,KV,RELMAS
208 FORMAT(/' SPECIFIED ELECTRON WAVELENGTH = 'y F6.4, ' ANGSTROMS!,
& 8X,'CALCULATED KV. = ',F6.1, BX,'RELATIVISTIC MASS = ',F8.5)
209 GO TO (21@,220,230,240,250,260,270,280),N5YS
C%*§#*I—*!*i-ﬂ*%***ﬂi###*-ﬂ*H-!Hl—***ﬂ-**ﬁ-%Hl-#H-lG*##***#ﬂ*ﬁ****}&ﬂ-#****ﬂ#**#****ﬁ**Niﬂ
210 WRITE(LNPTR,211) A
211 FORMAT(T16,'CUBIC SYSTEM'/T18,'Az',F7.4/)
GO TC 301
Cﬂ#ﬂﬂﬁ#ﬂ*l*#******i**l*##**I#ﬁ-ﬁ*****l******IﬂG*-I—ﬂ»ll#i#**ﬂ*#*!i***&**#********ﬂ!
2200 WRITEC(LNPTR,221) A,ALFA
221 FORMAT(T1#®, 'RHOMB@HEDRAL SYSTEM'/
& T1@,'Az',F7,4,5X, "ALPHA="',F6.2)
GO TO 3IFP
C#*'lli-'l'llli#‘*l'l#*-ll'l‘ﬂ*#**ll&ﬂ-l*****iii*l*i!i**iﬂli*ll*i**!ili**ll*i#ll*i-ﬂ*l!li
230 WRITE(LNPTR,231) A,C ‘ :
231 FORMAT(T10,'TETRAGONAL SYSTEM'/

(continued)
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& Tid,'A=z",F7.4,5X,'C=",F7.4)
GO 70 380 .
C*ﬂ'**'ﬂ**Hﬂ*”******ﬂ'**************#********#**ﬁ*******ﬁ-**ﬂ'*#*ﬂ****ﬂ&*******##*ﬁﬂﬁ
24¢ WRITE(LNPTR,241) A,C
241 FORMAT(T1@, 'HEXAGONAL SYSTEM'/
& T1G, *A=',F7.4,8X,'C="',F7.4}
GO TO 4¢@
Cﬂ'***ﬁ‘*****ﬂ-ﬂ"ﬂ‘ﬁ#ﬂ******ﬁ#**ﬂ-*************ﬂ***ﬂﬂ'ﬁ'***'ﬁﬂ%******{'***************ﬂ***
250 WRITE(LNPTR,251) A,R,C
251 FORMAT(T16, 'ORTHORHOMBIC SYSTEM'/
& Ti1@,'A=",F7.4,5X%,'B=",F7.4,5X,'C="1,F7.4)
) GO TO 324
C*********l‘*ﬂ-ﬂ-********I***’*********'ﬂ"N’****Eﬁ**##**ﬁﬂ'*********ﬂﬂ'**ﬁ'ﬂ‘ﬂ'*****'ﬂ'**ﬁﬁﬁ'**
260 WRITE(LLNPTR,261) A,B,C,GAMA
261 FORMAT(T19, 'MONOCLINIC SYSTEM : 1 ST. SETTING'/
& Tiﬁ.'A=',F7-4.5X.'B='.F7.4:5Xn'C=';F7.4-5Xp'GAMMA='.F6.2)
GO TO 366
C**ﬂ***ﬁ**********ﬂ'**********%******ﬁ'**‘*ﬁ****ﬁ'*ﬁ******ﬂ‘*******5*%***********#***
278 WRITE(LNPTR,271) A.B.C,RETA
271 FORMAT{(T1@, 'MONOCLINIC SYSTEM : 2 ND. SETTING'/
& Ti@,'A=',F7,4,5X,'B=',F7.4,5%,'C=",F7.4,5%,"'BETA=" ,F6.2)
GO TO 308
C*****ﬂ**ﬁ***************i**********“****#*#*H"}ﬂ'#ﬂ****ﬂ'***”**ﬁ#*'****iﬁ*i#***ﬂﬁ*
280 WRITE(LLNPTR,281) A,B,C,ALFA,BETA,GAMA .
281 FORMAT(T1@,*TRICLINIC SYSTEM'/T16,'A=',F7.4,5X%X,'B="',F7.4,5%,
& 'C=',F7.,4,5X,"ALPHA=" ,F6.2,5X, "BETA=",F6.2,5%X,'GAMMA=z",F6.2)
C'ﬁ‘*ﬂ'***ﬂ'*ﬁ********#***ﬁ*****ﬂ**ﬂﬂ-******‘5***ﬂﬂ'*****#**ﬂ'ﬁﬂ‘ﬂ'ﬁ-ﬂ'ﬁ**ﬂ'ﬂ'********#****ﬂiﬁ
3@2 WRITE(3,301)
331 FORMAT(/T164,'H K L', T34,'0',T47,'STR.FAC'»T608,'EXT,.DIST.")

G0 TO 325
C # *® # # # # # 5 # # # # # ¥ #
320 IF(J.EQ.(J/58)+50) GO TO 200
325 J=J+1

330 WRITE(LNPTR,335) H,K,L,AID,FHKL,TO
335 FORMAT(T13,314,T30,F7.4,T45,F8.3,T608,F8.1)
Go TO 86
T T T T L g e g S e N Y22 2 TR IR Y SR A R R R L LS AR
40 IF(JABS.EQ.6) GO TO 485
IF(JARS.EQ.7) GO TO 410
WRITE{(LNPTR,401)
491 FORMAT(/T12,'H K I L', T37,'0',T47,'STR.FAC. ",
8 T63,'EXT.DIST. "}
GO TO 445
495 WRITE(LNPTR, 426}
406 FORMAT(T10,'OBVERSE RHOMBOHEDRAL ORIENTATION RESTRICTIONS')
GO T0 415
417 WRITE(LNPTR,411)
411 FORMAT(T1%,'INVERSE RHOMBOMEDRAL ORTENTATION RESTRICTIONS')
415 WRITE(LNPTR.416)
416 FORMAT(/T6,'H K I L',T21,'RH RK RL',T39,'D",

& TS51,'STR.FAC.',T65, 'EXT.DIST")
GO TO 47%
C %* ¥ * # # # * 3 # # # u # » #
443 IF{J.FQ.(J/5B0Y=58) GO TO 208
445 J=J+1

457 WRITE{LNPTR,455) H,K,1,L,AID,FHKL,TO
455 FORMAT( T9,414,7T33,F7.4,T46.,F8.3,762,F8.1)
GO TO 8A

C # # * * % # % # # # # * # * &

47¢ 1F(J.EQ.(J/50)=5¢@) GO TO 280

(continued)
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J=J+1 )
WRITE(LNPTR,485) H,K,!,L,RH,RK,RL,AID,FHKL,TO
FORMAT(T4,413,728,313,T36,F7.4,T50,F8,3,T65,F8.1)

Cﬂ##ﬂﬁ#*********#***#*%*H—*#***#*******ﬁ-#ﬁ-ﬂ-ﬂ##ﬂ**ﬁ******%*****#****#***%*%ﬂ***-

8@

81

a2

83

1608

CALL PERM(H,K,I,L,N.NZ)

IF{NZ.LE.®) GO YO0 81

[F(H.L.T,3) GO TO B8P

GO TO 13

CALL INDEX(HX,KX,LX,JTST)

IF(JTST,.LT.4) GO TO 11

WRITE(LNPTR,82) J

FORMAT(//718, 'THERE ARE ',14,' ENTRIES IN THE TABLE"')
CALL FOOODT (FHKL,TO)

WRITE(LNPTR,83) FHKL,TOD -
FORMAT(//T4,'THE (@.,8.,8) REFLECTION HAS A STRUCTURE FACTOR OF ',F8

&.3," AND AN EXTINCTION DISTANCE OF ',F8.1,' ANGSTROMS'/
& T4,'FOR A DBYE TEMPERATURE CORRECTION FACTOR OF @.4')

Go 10 1
STOP
END

e PROGRAM DT4BMS *as e n

C+ PROGRAM DT4BMS (DOYLE & TURNER )

14
20

39
31

32

33
34

35

36

IMPLICIT REAL#B(A-G,0-2) » INTEGER#4 (H-N)

COMMON/XTLCOM/A,B,C,ALFA,BETA,GAMA,NSYS,NAME(5), VOL .

COMMON/UNITS/NCARD,LNPTR B

EQUIVALENCE (TABUC1)Y,U1), (TABU(2),U2), (TABU(3),U3)

REAL #8 KV, TABU(3)Y, ONE/1.BD+80/, TWO/2.0D+0Q/

CALlL XTLSYS

JLINE=0

CALL ATMPDT (VOL,WAVE,RELMAS,KV.IND}

READ(NCARD,31) HA,KA,TA.LA

FORMAT(413)

IF(NSYS.NE,4) LA=IA + [A

IF(HArHA+KA*KA+LA*_A.EQG.P) GO TO 10

KLINE=D

IF(JLINE,EQ.3#(JLINE/3)) KLINE=Z

WRITE(LNPTR, 32) KLINE,NAME,WAVE ,RELMAS

JLINE=1+JLINE

FORMAT(I1.////" PROGRAM DT4BMS'.T3B,5A4,T60, '"WAVELENGTH= ',F6.4,
T9@, *RELMAS= '*,F5,3/) '

IF(NSYS,EQ.,4) WRITE{LNPTR,33) HA,KA,IA,LA

FORMAT(' INPUT DATA: HA,KA,TA,LAz ',414/)

IF(NSYS.NE.4) WRITE{LNPTR,34)} HA,KA,LA

FORMAT(* INPUT DATA: HA,KA,LA= ', 313/}

IF(NSYS,EQ.4) WRITE(LNPTR,35)

FORMAT(T12,'H K I L',T34.,'D SPACE',T47,'STﬁ.FAC.',T62,'SI(G)',
T8, U/ /)

IF{NSYS.NE.4) WRITEC(LNPTR,36)

FORMAT(T12,'H K L*,T30,'D SPACE',T47,'STR.FAC.',T62,'SI{G)"',
Tag, v/ /)

DO 5@ J=1.3

HB=HAx®J

KBz=KA=)

LB=LA+J

CALL IDCALC{(HB,KB,LRB,D}

IF{J.EQ.1) G=0NF/D

(continued)
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CALL FCALBT (HR,KB,LR.,D,FHKL.ETA,DBYE)
TABUCJ)Y=0ONE/ (WAVE*LTA)
IF{FHKL.LT.®3.40D+@@2) TABU(U)=0.2D+0p
IF{NSYS.NE,4) WRITE(LNPTR,48) HB,KB,LB,D,fHKL,ETA,TABU(L)
4¥ FORMAT(T1@,313,T30.F7.4,T4%,F8.3,T60.F9.1,T75,F7.5)}
[B=~-HB~KB
IF(NSYS.EQ.4) WRITE(LNPTR,41) HB,KB,IB8,{B,D,FHKL,ETA.TABUCY)
41 FORMAT(Ti®,413,T30,F7.4,745,F8.3,T60,F9,1,T75,F7.5)
50 CONTINUE
UNEW =(U1+U3+DSORT{((G*C+(UL1~U3)/THO) *#2TWO+(UL+U2)}#(UL+U2))
& ~DSORT ({G=G-(UL-U3)/TUOY=&THWO+(U1=-U2) % {U1-U2)))/THWD
SINEW=0ONE/(WAVE=UNEW) ’
IF(NSYS.NE.4) WRITE(LNPTR,70) HA,KA,LA,UNEW,SINEW
7% FORMAT(//7* NEW VALUE FOR H,K,L=',313,5X,'U=",F7.5,5%,"'S1{(G)=",
8 F8.1)
IF(NSYS.EG.4) WRITE(LNPTR,71) HA,KA,JTA,LA,UNEW,SINEW
71 FORMAT(//' NEW VALUE FOR H,K,I1,L="',4[3,5X,'U=",F7.5,56X,'S1{(G)=",
8 : F8.1)
GO TO 34
END

BoHaH PROGRAM STERED LEE A L

C# PROGRAM STERED
IMPLICIT REAL*B(A-G,0-2}, INTEGER#4(H-N)

T T TR e A I L T L R T Ty ey e e e e R s

LOGICAL=1 PLUS,P,KARS,BL,MARK

REAI *4 Al ,A2

DATA PLUS/*'+'/,P/'P'/,BL/Y '/

DIMENSION PROJG(2},PROJS(2),PROJO(2),NPROJ(3),

FMT1(4),FMT2(3),NTY(2),FPOLE(3),NPOLE(4)

DATA PROJG/'GNOMONIC '/, PROJS/'STEREOGRAPHIC '/,
PR0OJO/'ORTHOGRAPHIC '/, NPR0OJ/9,14,13/, NTY/28,24/,
FMT1/'PROJECTION OF DIRECTIONS OF '/,

FMT2/*PROJECTION OF PLANES OF '/,

FPOLE/'{(''POLE = '*,1A42'/, TEN/1.8D+0@1/,

XMAX/1.,550+01/,XMIN/~1,55D0+01/, YMAX/1.3D0+81/,YMIN/~-1.3D+01/,

FIFTEN/1.5D+@1/,FOURT5/4.5D+@1/,CH/2.540+08/ ,NHT/2/
COMMON/XTLCOM/ A,B,C,ALFA,BETA,GAMA,NSYS,NAME(S), VOLUME,

o

@o Po Qe Do Qo Qo

8 ZERD,ONE,TWO,PY02,PY,RAD,DEG
COMMON/INDCOM/ TH, [K,IL,ITST,KOUNT, INDMAX,DMIN, SNP,
& NSABS ,NMULT,NORDER, JABS,KABS

COMMON/UNITS/NCARD,LNPTR

EQUIVALENCE (NPOLE(1),IPH), (NPOLE(2),IPK), (NPOLE(3),IPI),
& {NPOLE(4),IPL)

Cﬂﬂﬂ***#***ﬁ*******ﬂ&****#*****ﬂﬁ-**###***#ﬂﬂ-ﬁ#lI"ll'*ﬂﬂl*'II-'E'I'*#*Iﬂﬁ****ﬂ****ﬁ#l#***l

STP=NHT*(@,130+28)

STPX=0.500#STP

STPY=PA,B66%STP
1 CALL XTLSYS

IF(A.LT.(D.,1D~06)) GO TO 99999

N= 4

NSABS=Q

NMUL T=1

NOGRNDER=1

CALL INDSET

IKOUNT=KOUNT

CaLL TCSET

(continued)
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3 READ(NCARD,4) NPOLE, NDP, NGSO, THETA, RADJUS
4 FORMAT(415, 4%, 11, 4%, 11, 2F19.5)

COLUMNS: 1"2@1 25- 3@, 31"50

c

%

c

]

Can

J=TABSCIPH) + I1ABS(IPK) + [ABSCIPL) + IABS{IPI)

[F(J.EQ.8) GO TO 1

IFINSYS.EQ.4) Gn TQ 6

IPL=IPL+IP]

IPI=IPL

N=3 .
6 IF(NDP,LE.&) NDP=2

[F(NDP.GT,:2) NDP=2

IF(NGSO.LE.B) NGSO=2

IF(NGSO,GT.3) NGSO=?2

HRITE(LNPTR,5) NDBP, NGSO, NAME, (NPOLE(J),J=1,N)
5 FORMAT('1 PROGRAM STEREO'/

& T4@,'NDP=',12,T58,"'NGS0="',12,T60,5A4,T10, 'POLE=",414)

SET UP AXIS
X3=1PH
Y3=IPK
23=1PL
IF(NOP.GT.1) GO TO 7

GIVEN DIRECTION (X3,Y3,23), FIND TWO ORTHOGONAL DIRECTIONS

CALL AT2CD(X3,Y3,23, X,Y,2)
CALL PERP2(X,Y,2, X1,Y1,#1, X2,Y2,%Z2)
CALL AC2TD(X1,Y1,#1, X1,Yi,%1)
CALL AC2TD(X2.,Y2,22, X2,Y2,%Z2)
CALL ADENT(X1,Y1,721,A101)
CALL ADENT(X2,Y2,22,A1D2)
CALL ADENT(X3.,Y3,Z3,A1D3)
GO 70 8

GIVEN PLANE (X3,Y3,23) , FIND TWO ORTHOGONAL PLANES,

7 CALL AT2CP(X3,Y3:23, X,Y,%)
CALL PERP2(X.Y,Z, X1,Y1,21, X2,Y2,22)
CALL AC2TP(X1,¥1,21, X1,Y1.Z1)
CALL AC2TP(X2,Y2,%2, X2,Y2.%2)
CALL ADCALC{(X1,Y1,21,A1D1)
CALL ADCALC(X2,Y2,Z2,A1D2)
CALL ADCALC(X3,Y3,23,AIN3)

INITIALISE THE PLOTTER.

8 CALL GPSEND(1.1)
CALL GPLOT(CM.CM,2)
CALL GPLOT(-17.2, =-13.8, 1)
CALL GPLOT{ZERQ.ZERD,3)
CALL GPTEXT(PLUS.@,NHT,ZERD)
CALL GPLOT(-@.42, -@.12., 3)
CALL GPTEXT(P.,1., 2 ,ZERN)

CALCULATION OF ZPLN & THMAX
GO 7O (19.29,30)sNGS0

GNOMONIC PROJECTION

1% IF(THETA.EG.ZERD} GO TO 15

11 IF(THETA.GT.FOURTS) THETA=FQURTS

12 ZPLN=XMAX/DTAN(THETA®RAD)
GO TO 44

15 IF(RADIUS.GT.ZERD) GO TO 17
THETA=FOURTS
GO TO 12

17 ZPLN=RADIUS
GO TO 49

STEREOGRAPHIC PROJECTION

22 IF(THETA.EG.ZERDO) GO TO 25

(continued)
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21 ZPLN=XMAX/{TWO#DATAN((THETA#RAD}Y/THWO))
Go TO 44
25 IF(RADIUS.ED,ZERO) RADIUS= TEN
ZPLN=RAQIUS
GO TO 44
ORTHOGRAPHIC PROJECTION
30 IF(THETA.EQ.ZERO0) 6O TO 35
31 ZPLN=XMAX/DSIN(THETA®RAD)
GO TO 42
35 IF(RADIUS,EQ.,ZERO) RADIUS= TEN
37 ZPLN=RADIUS
49 CONTINUE
WRITE(LNPTR,45) THETA,RADIUS,ZPLN
45 FORMAT(/T4p,'THETA= ',F10.5,76@,'RADIUS= ',F10.5,780,
& *EPLN= ',Fi@.5//)
[F(NSYS,NE,.4) WRITE(LNPTR.486)
46 FORMAT(T7,'H K L', T26,'C0OS(1)*,T36,'C0S(2)"',T46,'C0S(3)",
& T62, "ANG(1)',T72, 'ANG(2)",T82, 'ANG(3)*,T97,'X",T105,'Y",
& T112,'CONST*,T128, "LABEL'/)
IF(NSYS,EQ,4) WRITELLNPTR,;47)
47 FORMAT(T6,'H K 1 L*,T26,'C0S(1)',T36,°C05(2)',T46,'C0OS(3)",
8 T62a'ANG(1)'.T72.'ANG(2)'-TBZ.'ANG(S)':TQ?.'X'.T195.'Y'
& T112,'CONST ', T128, 'LABEL'/)

%

198 H=IH
K=1IK
L= 1L
KOUNT=IKOUNT
NTST=ITST

185 I==(H+K)}
106 CALL PRMSET(H:K,I,L,NUM,NZ,NSYS)
187 GO TO (199,108),NSABS
198 CALL SYSABS(H,K,L,JABS,MTST)
[F(MTST.NE.®) GO TO 199
189 RH=DFLOAT(H)
RK=DFLOAT(K)
RL=DFLOAT(L)
IF(NDP,EQ.2} GO TO 11¢
CALL ADENT(RH,RK,RL.AID)
CALL ANGDIR(RH,RK,RL,AID,X1,Y1,%1,AID1,ANG1,COSANL?
CALL ANGDIR(RH,RK,RL,AID,X2,Y2,#2,ATD2,ANG2,C0SAN2)
CALL ANGDIR(RH,RK,RL,AIN,%3,¥Y3,73,A1D3,ANG3,COSAN3)
GO TO 120
11@ CALL ADCALC (RH,RK,RL,D)
CALL ANGPLN(X3,Y3,23,AID3,RH,RK,RL,0,ANG3,COSAN3)
CALL ANGPLN(X2,Y2,22,AIN2,RH,RK,RL,D,ANG2,COSAN2)
CALL ANGPLN(X1,Y1,21,AID1,RH,RK,RL,D,ANGL1,COSANT)
129 CONTINUE
ZC=COSANI
GO TO (139,140,158),NGS0O

CONSTANT FOR GNOMONIC

co

Co

130 IF(ZC.LE.ZERO) GO TN 194
CONST=2PLN/#C
GO TO 168

NSTANT FOR STEREOGRAPHIC

146 1F(2C.LT.-9.00-G1) GO TO 190
CONST= ZPLN/(ONE+ZC)
GO TO 1682

NSTANT FOR ORTHOGRAPHIC

153 I[F(#C.LT.ZERO) GO TO 199
CONST=2PLN

(continued)
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16@ X=CONST#COSAN1
IF(X.GT.XMAX) GO TO 190
IF(X.LT.XMINY GO TO 190
Y=CONST#COSAN2
IF(Y.GT.YMAX) GO TO 190
IFCY.LT.YMIN) GO TO 196
MARK=PLUS
IF(KOUNT.GE.5) MARK=BL
[F(NSYS.NE.4) WRITE(LNPTR,161)

& H,K,L,CO0SAN1,COSAN2,COSANI,ANGL,ANG2,ANG3,X,Y,CONST, MARK

161 FORMAT(T3,315,5X,3F10.5,5%X,3F18,3,5X,3F8,3,6X,1A1)
IF(NSYS.EQ.4) WRITE(LNPTR,162)

& H,K,I,L,COSANL,COSAN2,COSAN3,ANG1,ANG2,ANG3,X,Y,CONST, MARK

162 FORMAT(T3,414,4%X,3F19,5,5X,3F18.3,5X,3F8,3,6X,141)
CALL GPLOT(X,Y,3)
CALL GPTEXT(PLUS,@,NHT,ZER0D)
[F(KOUNT,GE.5}Y GO TO 198
CALL LABAL(H,K,I,L,AL,A2,N)
CALL GPLOT(X+STP,Y,3)
CALL GPTEXT(AL,N,NHT,38.)
CALL GPLOT(X+STPX,Y+STPY,3)
CALL GPTEXT(A2,N,NHT,3@,)

196 CALL PERM(H,K.I,L,NUM,NZ)
IF(NZ.GE.@) GO TO 187

195 CALL INDEX(H,K,L,NTST)

197 IF(NTST.LT.4) GO TO 185

Ce DRAW EQUITORIAL CIRCLE FOR STEREODGRAPRIC & ORTHOSCOPIC PLOTS,.

[FINGSO.EQ.1) GO TO 3082
NP=3
Do 208 J=1,361,1
ANG1=RAD#DFLOAT (J)
X=DSIN(ANG1)Y®RADIUS
[IF{X.GT.XMAX) GO TD 199
IF(X,LT,.XMIN)} GO TO 199
Y=DCOS(ANG1)Y#RADIUS
IFCY,.GT.YMAX) GO TO 199
IF(Y.LT.YMIN} GO TO 199
CALL GPLOT(X,Y,NP)
NP=4
GO T0 200

199 NP=3

207 CONTINUE

Cs LABEL THE PLOT

3G9 X=17.00+92
CALL GPLOT(X,YMIN,3)
IF(NGSO.EQ.1) CALL GPTEXT(PR0OJG,9.3,92.0)
IF(NGSO.EQ.2) CALL GPTEXT(PR0OJS,14,3,90.0)
IF(NGSOD.EQ.3) CALL GPTEXT(PROJO,12,3,9€.@)
Y=YMIN+H.384#NPROJINGSD)
CALL GPLOT(X,Y,3?
IF(NDP.EQ,1) CALL GPTEXT(FMT1,28,3,90.0)
IF(NDP.EQ.2) CALL GPTEXT(FMT2,24,3,98.0}
Y=Y+0.38#NTY(NDP)
CALL GPLOT(X,Y,3)
CALL GPTEXT(NAME.2BK§.9G.G)
CALL GPLDT(18.2,YMIN,3}
CALL LABAL(IPH,IPK,IPI,IPL,Al,A2,N)
CALL GPNUMB(A1,FPOLE,3,%8,0}
CALL GPLOT(18.2-NHT#{(?,350+0@},YMIN,3)
CALLL GPNUMB(AZ2,'(7X,1A4)',3,90.0}

(continued)



i — i Y zpa-

99999

Cun
Cus
Can
Ces |
Can
Cu#w
Caut
Cu#
Cun
Cws

CoLUM
2
3

4

67

CALL GPLOT(18.2,YMIN+8,5,3)

IF(THETA,.EQ.Z2ERO)
& CALL GPNUMB(RADIUS,'(''SCALE: RADIUS= ''yF6.2,' CMS,'")',3,90,)
IF(THETA,.NE, ZERO)
& CALL GPNUMB(THETA, *(**SCALF: THETA= '',F6.2,'' DEGREES'')',3,99,)
CALL GPLOT(19.4, YMIN, 3)

CALL GPNUMB(A,*(''Az "' ,F7.4)',3,93.)

CALL GPLOT(19.4, YMIN+8,5, 3)

CALL GPNUMB(B,'(''B=z *'*,F7.4)',3,98.)

CALL GPLOT(19.4,YMIN+17,8,3)

CALL GPNUMBIC,*(''C= '',F7,4)',3,98.)

CALL GPLOT(28.6,YMIN,3)

CALL GPNUMB(ALFA,*('*ALFA= PrAF6.2)Y,3,908.)

CALL GPLOT(20.6,YMIN+8,5,3)

CALL. GPNUMB(BETA,'(''RETA= ''.F6,2)1,3,98.)

CALL GPLOT(2@.6,YMIN+17,,3)

CALL GPNUMBI(GAMA,'(''GAMA= '',F6.2)',3,90.)
CALL GPSEND(2,1)
GO YO 3
sTOP
END
Ty PROGRAM KIKU Y

PROGRAM KIKU:

CALCULATE AND PLOT KOSSEL OR KIKUCHI PATTERNS

AROUND A SELECTED POILE IN ANY CRYSTAL SYSTEM,
NPUT PARAMETERS
NPOLE: POLE AROUND WHICH THE KIKUCHI PATTERN IS TO BE PLOTTED
CX,CY: POSITION AT WHICH THE POLE IS REQUIRED WITHIN THE BOUNDARIES
NLABEL: =@,NO LINE LABELING; =1,PLOTTED LINES ARE LABELED WITH INDICES
SCALF: NUMBER OF DEGREES FOR FIRST INCH GUT FROM POLE
WAVE : WAVELENGTH OF INCIDENT BEAM, OR KV, OF ELECTRON BEAM

IMPLICIT REAL*8(A-G,0~%), INTEGER#4(H-N)

LOGICAL*1 KABS,TITLE(4@),P/'P*'/,PLUS/ " +'/

REAL#8 KV,TEN/1.8D+81/,A555/0.555D+30/

DIMENSION XXX{1@),YYY(1@),NPOLE(4)

COMMON/XTLCOM/ AsB,C,ALFA,BETA,GAMA,NSYS, NAME (5), VOLUME .

8 ZERO, ONE,TWO,PY0D2,PY,RAD,DEG
COMMON/INDCOM/IH;IK,IL,[TST.KDUNT.INDMAX.DMIN.NPARM,
& NSABS,NMULT,NORDER, NABS.,KABS

COMMON/UNITS/NCARD,LNPTR

CALL XTLSYS

IF(A.LT.1.8D~@6) STOP

NSABS=g

NMULT=2

NORDER=1

CALL INDSET

NLINES=23

CALL TCSET
N STARTING: 1 11 21 41
FORMAT (412,2X%,2F5.0,15,2F5.06,5X%,40A1)
READ{(NCARD, 2} NPOLE,CX,CY,NLABEL,SCALE,WAVE, TITLE
H=@

DO 4 J=1,4

H=H+NPOLE (JY#NPOLE(J)

IF(H.EQ.@) GO T0 1

{continued)
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IF(NSYS.EQ.4) GO T0 5
NPOLE(3)=NPOLE(3)+NPOLE(4)
NPOLE(4)=NPOLE(3)

CONTINUE

CALL WAVESP(WAVYE,KV,RELMAS,IND)
IFCIND.NE.2.AND,SCALE.LT.3.0) SCALE=3.080+08
IF{IND.NE,2,AND,SCALE.LT.f.5) SCALE=0.5D+00
IF(IND,EQ.2.AND,SCALE.LT.3.%) SCALE=28.D+00
NHT=2

XSTPX=+G,10-01

IF(DABS{CX).LT,8.81) CX = +6,00D+00
IF(DABS(CY). .LT.A.B1) CY=4.20+00

INITIALISE THE PLOTTER

CALL GFSEND(1.,2)

CALL GPLOT(#ERO,ZERD,1)

CALL GPLOT(ONE,QONE,2)

ZX= CX +1,50+00

ZY= CY +1.5D+0p

CALL GPLOT(ZX.2Y,3)

CALL GPLOT(#ERO,ZERD.,1)

SET LIMITS FOR X & Y DISPLACEMENTS; CALCULATE Z & THETAM
XMIN = -CX

YMIN = -CY

XMAX=-CX+12.00+08

YMAX=-CY +8.00+00

XXCz (XMIN+XMAX) /THD

YYC=(YMIN+YMAX)/THWOD

Z=+ONE/DTAN(SCAILLE=®RAD?

IF(IND.NE,2) =-2
ZX=DMAX1(DABS(XMAX),DABS(XMINI)
ZY=OMAXL(DABSCYMAX) ,DABS(YMINI)
ZZ=DSQRT(ZX#ZX+ZY&ZY)
THETAM=DEG#DABS(DATAN(ZZ/Z})

WRITE(3,65) TITLE,CX,CY,NLABEL,SCALE,Z,THETAM

65 FORMAT( /' PROGRAM KIKU',T5@,48A1/75,'CX,C¥= t,2F8.3,T740, 'NLABEL="
&,12,T60,'SCALE= ',F8.2,' DEGREES FOR THE FIRST INCH FROM THE POLE'
&/T5,'%2 ( THE PROJECTION DISTANCE) = ',F8.2,° INCHES® , Té#, "THETAM=
8',F8.2,' DEGREES FROM THE POLE TO THE FURTHUREST POINT'/ )

NLINES=MNLINES + 2¢

DRAW BOUNDARIES AROUND THE PLOT
CALL GPLOT(XMIN.YMIN,3)

CALL GPLOT(XMIN.,YMAX,4)

CALL GPLOT(XMAX.YMAX,4)

CALL GPLOT(XMAX,YMIN,4)

CALL GPLOT{(XMIN,YMIN,4)

SET UP AN AXES SYSTEM FOR PLOTTING

ZA=NPOLE(L)

ZB=NPOLE(2)

ZC=NPOLE{(4)

CALL AT2CD(ZA,2ZR,2C, ZX,2Y,Z#)
CALL PERP2(ZX,7Y,ZZ, XA,XB,XC, YA,YB,YC)
CALlI ACPTD(XA,XR,XC, XA,¥B,XC)
CALL ACPTD(YA,YR,YC, YA,YB,YD)
CALL ADENT(XA,XR,XC,XID)

CALI ADENT(YA,YR,YC,YID)

CALL ADENT(ZA.ER,EC,ZID)
Z2lz~(ZA+Z8)

X1=-{XA+XB)

YI=-(YA+YR)

MARK PNLE POSITION, IF WITHIMN THE PLOT

{continued)
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IF(XMIN,GT,2ERQ) GO To
IF(XMAX.LT,ZERQY GO TO
IFCYMIN.GT,2ERQ)Y GO TO
IFCYMAX.LT.ZERQ) 6o To
CALL GPLOT(ZERO,ZERG,3)
CALL GPTEXT(PLUS,®@,3,ZERQ)
CALL GPLOT(ZERG,0.1,3)
CALL GPTEXT(P,p,3,ZERD)
6 CONTINUE
Ce##  WRITE QUT THE INDICES OF THE POLES
IF(NSYS,EQ.4) WRITE(LNPTR,51) XA,XB,X1,XC,YA,YB,YI,YC,ZA,28,71,2C
51 FORMAT(/T5, "X AXIS=',4(F7,3,3X), 5X,'Y AXISz',4(F7.3,3X)/T5,
1 "Z AXIS=',4(F7,3,3X))
IF(NSYS.NE.4) WRITE(LNPTR,52) XA,XB,XC, YA,YB,YC, ZA.28,32C
52 FORMAT(/TS, "X AXIS=',3(F7.3,3%X), 5X,'Y AXIS=',3(F7.3,3X),5X,
& "2 AX1S=',3(F7.3,3X))
IF(NSYS.EQ.4) WRITE(LNPTR,998)
998 FORMAT(LH@,T45, 'FIRST LINE',T83, 'SECOND LINE'/1H ,T5, ' INDICES',
© 1 T17,'BRAGG',T28,'D',T40, 'START',T56, 'FINISH',T78, 'START", T04,
2 'FINISH'/1H ,T4,'MH K I L',T17,'ANGLE®,T25, 'SPACING'.T38,'X",
3 TA6, 'Y, T55, X", T63, 'Y ,T76, X", T84, 'Y, T93,'X"',T101,'Y' /)
IF(NSYS.NE.4) WRITE(LNPTR,997)
997 FORMAT(1H@,T45, 'FIRST LINE',T83, 'SECOND LINE'/1H ,T5, ' INDICES',
1 T17,'BRAGG',T28,'D,T4@, 'START',T56, 'FINISH',T78, 'START', T94,
2 'FINISH'/iH ,T4,'H K L  ',T17,'ANGLE',T25,'SPACING',T38,'X"',
3 TG, Y1 TS5, X, T65, Y, 176, X1, T84, 1Y, TO3, X1, T181, 'Y* //)
NTST=ITST
H=1H
K= 1K
L=1L
61 I==(H+K)
HX=H
KX=K
IX=1
LX=i.
CALL PRMSET(HX, KX, IX,LX,N,NZ,NSYS)
62 GO FO (64,63),NSABS
63 CALL SYSABS(HX,KX,LX,MTST)
IFCMTST.NE.®) G0 TO 1820
Ce#  CALCULATE INTERPLANER SPACING OF SELECTED PLANE
64 CALL TDCALCCHX,KX,LX,PLN)
IF(PLN.LT.DMIN) GO TO 1828
SINBRG=WAVE/ (TWO#PLN)
IF{DABS(SINBRG).GE.ONE) GO TO 1828
BRGz=SINBRG*SINBRG
BRAGG=DEG#DARSIN(SINBRG)
C##  CALCULATE THE ANGLES BETWEEN THE PLANE AND THE (X,Y,Z) AXES
Ce®  STORE THE SINE DF THE ANGLE IN ANG:(X=1,Y=2,2=3)
C##  REJECT IF PLANE AT TOO GREAT AN ANGLE TO POLE (Z AXIS)
AH=HX
AK =KX
AL=LX
CALL ANGDP(ZA,ZR,ZC,ZID. AH,AK,AL,PLN, ANGLE.,ANG3)
XG1=BRAGG-ANGLE
IF(DARS(XG1).GE.THETAM) GO TO 1020
IP=4
IFCIND.EQ.2) GO TO 66
CALL MULTPLC HX,KX,LX,NABS,NTSTX)
IF(NTSTX.NE.Q) IP=5
66 CALL ANGDP(YA,YB,YC.YID., AH,AK,AL,PLN, ANGLE,ANG2)

[eals e e

(continued)
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CALL ANGDP(XA,XB,XC.XID,
Cux SET VALUES OF EQUATION
A1=ANG1#ANG1 ~ BRG
B1=ANGZ#ANGZ - RRG
C1=ANG3#ANG3 -~ BRG
E1=ANG2#ANG3
F1=ANG3#ANG1
G1l=ANG1#ANG2
CALL FUNZ (A1.,B1,C1,E1,F1,G1,Z,NTYPE)
Cs SET STARTING VALUES FOR THF PLOT.
3000 NT=¢
NSX=+1
NSY=+1
NN=@
IMAG=1
[MAGST=+1
$=1.0D-06 + DSQRT(ANG1#ANG1 + ANGZ2#ANGZ)
ANGL=ANG1/S
ANG2=ANG2/5
I1SST=0
IF(ANGL.GT,.+AB555) GO TO 3040
IF(ANG1.LT,=-AB55) GO TO 382#
IF(ANG2.LT.2ER0Y GO TO 3@10
G0 TO0 3038
J@16 XST=XMIN
STP=XSTPX
NSX=-1
GO TO So80
@2 YST=YMIN
STP=XSTPX
NSY=-1
GO TO 4npe
IP30 XST=XMAX
STP==XSTPX
GO TO 5080
3%49 YST=YMAX
STP==XSTPX
GO TO 4004

AH,AK, AL, PLN,

Ca
C# PLOT UP & DOWN THE PAGE.
Ca
4003 Y=YST
4017% STP2=XSTPX#TUWD
STP1@=TEN*STP
CALL FUNOFY(X,Y.NSY,JTST)
IF(JTST.LT.®B) IMAGST=2

GO TO (4921,4@51),IMAGST-
C# TEST X
4023 CALL FUNOFY(X,Y.NSY,JTST)
IF(JTST.LT.®) GO TO 4451
4021 1F(X.LT.XMIN) GD TO 4051
[F{(X.GT.XMAXD GO TO 4@651

Ce# START PLOTTING
4@33 GO TO (4p32,4831),IMAG
4031 CALL GPLOT(XIM,YIM,3)
IMAG=1
GO TO 4933
432 CALL GPLOT(X,Y,3)
4033 NN=NN+1
XXX INNY =X

ANGLE, ANG1)

(continued)
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YYY(NN)=Y
C# CONTINUE PLOTTING
4043 CALL GPLOT(X,Y,IP)
XX=X
YY=Y
Y=Y+STP
IF{Y.LT,YMIN) GO TD 4872
IF(Y.GT.YMAX) GO TQ 4373
CALL FUNOFY(X,Y,NSY,JTST?
IF(JTST.LT.®) GO TO 4045
IF(X.LT.XMIN) GO TO 4446
[IF(X.GY.XMAX) GO TO 4047
GO TO 472440 )
Ce X IS IMAG.,, OR X IS REAL BUT OUTSIDE PLOTTING RANGE
49345 IMAG=2
XIM=XXx
YIM=YY
NT=NT+1
IF(NT.GT.1) GO TO 5090
NSY=-NSY
STP=-STP
Y=Y+STP1@
STP1@=STP
GO TO0 4450
4046 XX=X¥XMIN
GO TO 44748
4047 XX=XMAX
4048 CALL GPLOT(XX,YY,IP)
4050 NN=NN+1
XXX (NNY=XX
YYY(NN)=YY
4051 Y=Y+STP10D
IF{Y.GT.YMAX) GO TO 40471
IF(Y.LT.YMIN) GO TO 4a71
CALL FUNOFY(X,Y,NSY,JTST)
IFCJTST.LT,.@) GO TO 4@A51
IF(XLLET.XMIN) GO TO 4851
IF(X.GT.XMAX) GO TO 4951
IF(DABS(STP1@).GT.STRP2) GO TO 4360
STP1O=TEN#STP
GO TO 4630
4060 Y=Y-STP1{
STP1@=STP
GO TO 4m51
C#« PLOT BACK, OR FINISHED?
4073 NN=NN+1
XXXENN) = XX
YYY(NN)=YY
CALL GPLOT(XX,YY,IP)
4071 NT=NT+1
IF(NT.GT.1) GO TQ 6220
[F(IMAGST.EQ.2) GO TO 4675
IF(NN,EQ.2,.AND,IND.EQ.2) GO TO 4875
[FI(NTYPE.EQ.3) GO TD 6080
40875 STP=-S5TP
NSY=-NSY
STP2=DARBS(TWO=STP)
STP1@=TEN#*STP
Y=YMIN + YMAX - YST
GO TO 4029

(continued)
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4872 YY=YMIN
GO TO 4074

4373 YY=YMAX

4874 CALL FUNCOFY(XX,YY,NSY,JTST)
CALL GPLOT(XX,YY,IP)

GO TO 4478
C#
C* PLOT ACROSS THE PAGE
C#

5@006¢ X=XST
5018 STP2=XSTPX#THO
STP1@=TEN#STP
CALL FUNOFX(X,Y.NSX,JTST?
IF(JTST.LT.0) IMAGST=2
GO TO (5@821.5851), IMAGST
C# TEST ¥
S@29 CALL FUNOFX(X,Y,NSX,JTST)
IF{JTST,.LT.2) GO TO 5851
5021 IF(Y.LT.YMIN) GO TO 5m51
[IF(Y.GT.YMAX) GO T0Q 5851
Cx START PLOTTING,
5834 GO TO0 (5832,5@31}),IMAG
BBEI1L CALL GPLOT(XIM,Y[IM,3)
IMAG=1
GO TO 5833
5832 CALL GPLOT(X,Y,3}
5833 NN=NN+1
XXX (NN)=X
YYY(NNY=Y
Cx CONTINUE PLOTTING
5040 CALL GPLOT(X,Y,IP}
XX=X
YY=Y
X=X+STP
IF{(X.,LT.XMIN) GO ToO 5@72
IF(X.GT.XMAX) GO TO 5873
CALL FUNOFX({X,Y,NSX,JTST)
IF(JTST.LT,.0) GO TO 5045
[F(Y.LT.YMIN) GO TO 5846
IF(Y.GT.YMAXY GO TO 5047
G0 TO 5040
Cs Y IS IMAG.,, OR Y IS REAL BUT QUTSIDE PLOTTING RANGE
5845 IMAG=2
YIM=YY
XIM=XX
NT=NT+1
IF(NT.GT.1) GO TO 5090
NSX=-NS¥X
STP=-STP
X=X+STP1¢
STP1@=STP
GD TO 5@5@
58446 YY=YMIN
GO TO 5048
5847 YY=YMAX
5H48 CALL GPLOT(XX.,YY,IP}
5057 NN=aNN+1
XXX ENN) =XX
YYY(NN)=YY
5051 X=X+STP1D

(continued)
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Ca PL
5070

5071

5075

5872
5073
5@74

5090

6000
Ces
Cus

999
Bas8

777

Cea L
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[F(X.GT,XMAX) GO TO 5@71

IF(X,LT.XMINY GO TO 5871

CALL FUNOFX(X,Y,NSX,JTST)

[FCJTST.LT.B) GO TO 5051

IF(Y.LT.YMIN) GO TO 5851

IF(Y,.GT.YMAX) GO TO S#51
IF{DARS{STP1@)Y.GT.S8TP2) GO TO 5060
STP1@=TEN®STP

GO TO 5030

X=zX=-STP10@

STP1G=STP

GO TO 5@51
OT BACK, OR FINISHED?

NN=NN+1

XXX (NN) =XX

YYY(NN)=YY

NT=NT+1

IF(NT,.GT.1) GO TO 6000

IFCIMAGST.EQR.2) GO TOQ 5075
IF(NN.,EQ.@.AND,IND,EQ.2)Y GO TO 5875
IFINTYPE.EQ.3) GO TO 6000

NSX==-NSX

STP=~-STP

STP2=DABS(TWO*STP)

STP1@=TEN®#STP

X=XMIN + XMAX -~ XST

GO TO 56240

XX=XMIN

GO TO 5074

XX=XMAX

CALL FUNOFX(XX,YY,NSX,JTST)

CALL GPLOT(XX,YY.,IP)

GO TO 5079

NN=NN+1

XXX {NNY=XX

YYY{NN)=YY

IF(IMAGSTLER.2) CALL GPLOTIXXX(1),YYY(1),IP)
CONTINUE
COMPLEATION OF PLOT FOR THIS LINE

IF LINE TS QUTSIDE PLOT BOUNDARIES, NN={@
IF(NN,LT,1) GO TO 1829

IF(NSYS.EQ,4) WRITE(LNPTR,999) HX,KX,IX,LX,BRAGG,PLN
FORMAT(1H@,413,3X,F6.3,4X,F5,3}
IF(NSYS.,NE.4) WRITE(LNPTR.888) HX,KX,LX,BRAGG,PLN
FORMAT(1HB,313,6%X.F6.,3,4%X,F5.3)
WRITE(LNPTR,777) (XXX(JY,YYY(JY, J=1,NN)

FORMAT(1H+.(T34,F7.2,F8.2,F9.2:FB.2.F13.2pFB.2pF9.2;F8.2))

IF(NLABEL.EG.Q) GO TO 1610
[F(IP.EQ.5) GO TO 1810
ABEL THE LINE(S)
STP=DABS{(STP)#THOD
X=XXX{NN}+STP
Y=YYY(NN)+STP

IF (X LT XXC) X=X=STP#TW0O
FFCYLT.YYCY Y=Y=-STP#TWD
DELX=2ERO

DELY=ZERO

ROT=2ERD

IF(Y,.GE.YMAX)Y GO TO 1022
IF(Y.LE.YMIN) GO TO 1724

(continued)
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IF(X,GE.XMAX)Y GO TO 1826
IF(X.LE.XMIN) GO TO 1428
GO TO 1m26

i@22 Y=Y+@,4D+09
DELX=~P.160+00
R0OT=9.0D+01
6o TO 163G

1924 Y=Y-0.9D+00
DELX=~-@.16D+00
ROT=9.0D+31
G0 TO 1@38

1026 X=X+0,4D+00
DELY=+0,160+22
GO TO 1@30

1228 X=X-0,9D+0p
DELY=0,16D+00

1838 CALL GPLOT(X,Y,3)
CALL LABAL(HX,KX,IX,LX,A1,A2,NSYS)
CALL GPTEXT(A1,4,NHT,ROT}
CALL GPLOT(X+DELX, Y+DELY, 3}
CALL GPTEXTC(AZ2,4,NHT,ROT)

1842 IF(NLINES .LT.56) GO TO 7200
WRITE(LNPTR,996}
IF(NSYS,EQ.4) WRITE(LNPTR,9%8)
IF{NSYS.NE.4) WRITE{LNPTR,997)
NLINES=5

72822 NLINES=NLINES + 2 + (NN-1)/4

Ce# RETURN FOR THE NEXT LINE

1823 CALL PERM(HX,KX,IX:LX,N,NZ)
IF(NZ,GT.B) GO TO 62
CALL INDEX(H,K,L,NTST)
IF(NTST.LT.4) 60 TO 61

Ca#% AT THIS POINT ALL THE KIKUCHI LINES HAVE BEEN PLOTTED

Ca# IDENTIFY THE PLOT WITH THE POLE IDENTIFEICATION

CALL LABAL(NPOLE(1),NPOLE(2},NPOLE(3),NPOLE{4),A1,A2,NS5YS)

X=XMAX+1,5

Y=YMIN

CALL GPLOT({X,Y,3) _

CALL GPTEXT(TITLE.40.,3,90.0}
X=XMAX+1.8

CALL GPLOT(X.,Y,3}

CALL GPTEXT(NAME,20,3,90.0)
Y=YMIN+4.0

CALL GPLOT(X.,Y,3}

CALL GPNUMB(WAVE,'{(''WAVELENGTH= "*',F7.5)',3,%90.d)

X=XMAX+1,9

Y=YMIN+1,085

CALL GPLOT(X,Y,3)

CALL GPTEXT(AZ2,4,3.,98.2)
X=XMAX+2,15

Y=YMIN

CALL GPLOT(X,Y,3)

CALL GPNUMB(A1,'(''POLE = '',1A4)',3,90.0)
X=XMAX+2,45

Y=YMIN

CALL GPLOT(X,Y,3)

CALL GPNUMB(SCALE,'(''SCALE= '',F5.,2,'' DEGREES FOR THE FIRST INCH

& FROM POLE**)',3,98.2)
X=XMAX+2,75
CALL GPLOT(X,Y,3)

(continued)
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CALL GPNUMB(A.,'(''A= '',F7.4}',3,908.0)
Y=YMIN+3.0

CALL GPLOT(X,Y,3)

CALL GPWUMB(B,'(''B= '',F7.4)',3,90.8)
Y=YMIN+6.0

CALL GPLOT(X,Y,3)

CALL GPNUMB(C,*(''C= '',F7.4)',3,90.8)
X=XMAX+3 .05

Y=YMIN

CALL GPLOT(X,Y,3)

CALL GPNUMB(ALFA,*("TALFA= '',§f6.2)',3,98.8)
Y=YMIN+3.0

CALL GPLOT(X,Y,3)

CALL GPNUMB(BETA,'(''BETA= '',F6.2)',3,90.8)
Y=YMIN+6,0

CALL GPLOT(X,Y,3)
CALL GPNUMB(GAMA,*('"'GAMA= '',F6.2)',3,%98.8)
CALL GPSEND{(Z2,1)
Ce## RETURN FOR NEW DATA

WRITE(3,996)

996 FORMAT(1H1}

NLINES=0

GO 70 3
END
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APPENDIX C.1
EXAMPLES OF INPUT DATA

A listing of input data for each main program is given in this
appendix together with the execution time and core storage requirements.
Computation was carried out on an IBM Model 360/65 computer. The programs
were executed by catalogued procedure PROGBXBC} a procedure for executing
a precompiled program specified by MEM=, and found in the partitioned
data set (library) specified by LIB=. Core storage is given in IBM form,
that is, in bytes. S8ince there are four bytes to the word, a program requir—
ing €0 K bytes would occupy 15 K words,

In programs STEREC and KIKU, additional cards set up the buffers for
the plot output which is placed in output class F. For these two programs
the times quoted are computation times only and do not include plotting,
which is carried out off-line and takes considerably longer.

C.1.1 Program DSPACE

The program calculates d-spacing tables for zirconium using the
default values for the indices. The second card could thus be replaced
by a blank card. A total of 74 entries is generated.

The second computation for copper specifies a limit of eight for all
indices and a minimum of 0.5 for the d-spacing. No set of indices that
is passed includes the number 8 (the d-spacing for 800 is 0.452), cut-offs
occur at 543, 551, 632, 640 and 711, and 63 entries occur in the table.

The first page only of each table is given in Appendix D. Core

requirement 1s 72 K and computation time is 3,14 seconds.
C.l.2 Program ANGLES

In the calculations for zirconium the indices are limited to three
with an INDMAX limit of four; consequently cut-offs occur at 0003, 1013,
1122, 2131, 2250 and 3140. Since column 2 of the index card is unpunched,
tables of angles for both planes and directions are produced, four pages
of values being produced in both cases,

The calculation for copper uses the default value of 4 for the indices'
maximum. Column 2 has been punched with the value 2 so that a table of
angles between planes is produced (no table of angles between directions is
calculated). The table covers all indices from 100 to 443 and requires eleven
pages of printout.

Appendix D contains the second page of each of the three tables to
illustrate the format of the printout. Core requirement is 68 K and
execution time is 16.77 seconds.

(continued)
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It should be noted that if the default values of 4 are used for the
indices in the zirconium calculations (with no INDMAX cut-off), then the
execution time increases to 41.0 seconds, 56 pages of values are produced
for the angles between planes and 61 pages of values are produced for the
angles between directions,

c.1.3 Program STRISB

Values of the structure factors and extinction distances are calculated
for zirconium and copper using a 3-term Gaussian expansion for the
scattering power of the atoms. Default options have been used for the
index parameters. Although both lattices are specified as primitive,
the listing contains only the sets of indices expected for the hexagonal-
close-packed and the face-centred-cubic lattices.

In the case of zirconium, only the first two pages of printout are
shown in Appendix D, since a total of B0 entries cccur in the full table
(3 pages of values). The full output is given for the copper computations.
This listing also shows, for the first time, the output -from subroutines
XTLSYS and INDEX, which was not included in previous examples. Core
requirement was 56 K and execution time was 4.65 seconds.

c.1.4 Program SBY4BMS

The input data to this pregram are the same as those employed for
program STRFSB, but do not include an input card for indices. The input
' data printout is substantially the same as that shown for STREFSB and is not
illustrated.

The first three sets of output for both zirconium and copper are shown
in Appendix D.

Core requirement was 44 K and execution time was 1.19 seconds.

C.1.5 Program DTUBMS

This program illustrates the form of the input required to calculate
or correct structure factors and extinction distances for an alloy, the
first example being an 18/8 stainless steel. The default value of 1.0
cannot be used for the filling factor but must be specified as atomic
percentage of the element (not weight percentage as given by the composition).
The scattering power now being obtained by table lockup means that more
cards are required for data input than are required for analytical calculation.
The second example given is titanium and is relatively straightforward.
Appendix D includes the listings of the input data and calculated values
of the first three sets of indices for each of the structures. Core
requirement was 46 K and execution time was 1.39 seconds.

(continued)
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C.1l.6 Program STEREQO

This is the first of the plotting programs. The data cards specify
a hexagonal lattice with individual indices permitted up to 3 and a maximum
sum of H, K and L (INDMAX) of 4. Three plots are produced about the [0001]
and [2110] poles, for poles of direction, using gnomonic, stereographic
and orthographic projec{ion. The default options were used for scaling
(THETA = 45 for gnomonic and RADIUS = 10.0 cm for the stereographic
and orthographic projections). %he plots for the two stereographic
projections, together with the first page of printout for each plot are
illustrated in Appendix D. Core requirement was 64 K and execution time
was 16.07 seconds.
Cc,1.7 KIKU

The input data produces three Kossel plots for iron using iron K-a
radiation. The indices have individual 1limits of 2 and an INDMAX limit
of 43 systematic absence I (body centred) is applied. The Kikuchi
plots use the default value of 200 kV electrons, the same index limits,
but no systematic absences are applied. Core requirement was 72 K and
execution time was 1 minute 55.9 seconds. The first two pages of list
output and the plots for the two 001 orientations are given in Appendix

D.
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APPENDIX C.2
LISTING OF INPUT DATA

ColL UMN 112111111112222222222333333333:544444444445555555555666666666677777777778
12345678901 234%67898123456789¢12345678901234567890123456789012345678901234567890

/7 JGNDSP JOSG (teereenex/opdpdddd ,E4),J,G.NAPIER,

¥4 ClLASS=B,TIME=2

Z/EXECUTE EFXEC PROGEXEC,L1B="MATLIB,JGN.CRYST',MEM=DSPACE
//GOL,SYSIN DD =

3.232 5.147 120, H.C.P.ZIRCONIUM

3 321 ' 4 -4 =4 -4 =4 9@ Q#g

3.615 F.C.C. COPPER
8 8.5

{ RLAMK CARN - NO FURTHUR CRYSTAL SYSTEM DEFINITION ~ END OF DATA)
g

COLUMN 11113112112722222222333333333344444444445555555555666666666677777777778
123456793941 2345678001234%6789012345678201234567890123456789012345678961234567800

/7 JGNANG 0N (eenennna/Hgaga@eg ,£4),J,.6,MAPIER,

r/ CILASS=B, TIME=P

F/UXECUTE FXEC PROGEXEC,LIR='MATLIR,JGN.CRYST',MEM=ANGLES
F/GOL.SYSIN DD o+

3237 5.147 12a. H.C.P, ZIRCONIUM,
3 4

3.615 F.c.C. GOPPER.

2

( BLAMK CARD - &0 FURTHUR CRYSTAL SYSTEM DEFINMITION - END OF DATA)
e ]

COLUMN 11111111112222222222333333333344444444445555555555666666666677777777778
123456789R12345678931234567890123456789012345678901234567689012345678901234567890

SZAGNSFSB JOV (twunsewns /PHSRBHAREY,C4), .. NAPIER,

/7 CLASS=B,TIME=2

//EXECUTE EXEC PROGEXEC,LIR='MATLIB,JGN,CRYST',MEM=STRFSB
//6G0,5YSIN DD =

3.232 5.147 12d. HeCJP. ZIRCONIUM
( BLANK CARD - DEFAULT OPTIONS FOR INDICES ?
188. i
2 R 4@ @,a
2.6 0.0 9.9 .6667.3333.5000
4,105 28,492 33,1440 5.277@ 1.2299 @.601d S4B ZR4P@
3.615 F.c.C. COPPER
{ BLANK CARD = DEFAULT OPTIONS FOR INDICES )
104, 1 v
4 CU 29 F.58
.0 n.@ ¥,@ p.5 0,5 @.0 . 2.5 @a.@ 8.5 a.¢ 8.5 2.5

3.5356 26.480 22,3960 4.9630 0.9008 @.5900 0.0000 ¢.0000 0©.0000 S&B CU29
{ BLANK CARD ~ NO FURTHUR CRYSTAL SYSTEM DEFINITION - END OF DATA)
V&)

{continued)
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‘ﬁ"

COLUMN 113141112212222222222333333333344444444445555555555666666666677777777778
123456789031234567890123456789312345678901234567890123456789012345678901234%67800

A/JGNSBAR  JOB (‘weusesee /UENIRERE ,E4),0,.6.8APIER,

/7 CLASS=B,TIMF=2

F/EXECUTE EXEL PROGEXEC,LIB='MATLIR, JON.CRYST',MEM=8RABMS
J/C0LSYSTN DD :

3,232 5.147 12e. H.,C.P. AIRCONTUM
A8, 1
2 BR ap AT .
B N S B LI JOG6GT . 3333.5039
4,100 29,4972 3,144 S5.02778 1.2293 2.AB1f S8R #RAp
1% -1 @
11 -2 7
T8 -1
P 2
1 ¢ -1 2
t 1 -2 2
LI S |
€ 1 anNK CARD -~ RO FURTHUR INDICES « NEW CRYSTAL DEFINITION MAY FQLLOW
3.615 F.C.C. COPPER
1AL, 1
4 £ 29 "R
IR RGN 2.5 a,% 0, @a.5% L. p.5 4.9 0.5 ks
T.830%¢ 2hR.4R7 2039463 A0830 PLOBRE 2L,89R3¢2  O,Ap0@g  4.AR00 B.0F00 S&R Tyre
* 1 1
SRR 2
N
o101
108 1
4 2 0
4 2 2
{ BLAMK CARD ~ NO FURTHUR IMDICES - NEW CRYSYAL DEFINITION MAY FOLLOW
{ BLANK CARNM - N0 FURTHUR CRYSTAL SYSTEM DEFINITION - END OF DATAY
/e

COoi ymy 1111121111222222222237%3333333344444444445555555555666666666677777777778
1245678001 2345678921234567890123456789R12345678901234567890123456789081234567890

ZAGRDTAR  JOT (eusnssua/UAHRESERT ,04), J. 6. NAPIER,

44 CLASS=B, TIME=Z

A/XFECUTE FXETC PROGEXEC,LIB="MATL IR, JGN,CRYST ', MEM2NTARMS
AAL0,8YSIN DO ow

3.6027 18/8 STAINLESS STEFL
100, N

4 CR 24

. A2 P 9192 0.5 4.5 B.9 9,192 8.5 #.8 B.% #.192 8.0 B.5 0.5 @.192
6,969 A.427 5,291 4,231 3.434 2.849 2,493 0 CR CRDZ
2,349 1.761 1.523 1.323 1.814 A.7%2 N.631 & CR CRD?
#.%514 @#.427 2.310 W.237 g.188 G154 #.127 T CR CRD3
a.085 A, 60 A.044 A.039 d.822 g.815 # GR CRD4
4 FE 26

g.e a.2 8,3 p.733 9,.% 4.5 6.6 B.733 B.5 ©.0 9.5 0.733 2,0 P.5 B.5 P.733
70165 6.669 5,558 4,436 J.562 2,928 2.461 0 FE CRD1
2,104 1.818 1.584 1.388 1.68¢ A.854 P.sB6 & Ft CRDZ2

(continued)
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#.561 A.466 2.336 g.255 8,202 B.165 8.136 T FE CRD3

a.A91 2.065 4.048 a4.037 2.0824 a.017 * FE CRD4

4 NI 28 .

@.6 2.0 @.2 g,975 8.5 0.5 p.8.0.975 2.5 8.9 2.5 g.p75 8.8 9.5 2.5 8.975
6,569 6.169 5.249 4,283 3.500 2.914 2.474 D NI CRrD1
2,133 1.858 1.631 1.44p 1.136 A.on9 0.737 & NI Crp2
d.605 R.5434 #.364 g.275 8.217 - B.176 B,146 T NI CRD3
a.697 . 2.869 n.0s2 @.040 e.p26 0.0518 * NI CRD4

1 1 1
2 8 3
2 2 B
3 1 1
I 03 1
4 2 P
4 2 2
{ BLANK CARND - Np FURTHUR INDICES - NEW CRYSTAL DEFINITION MAY FOLLOW )

2.9506 4,686 126,09 C.P.H, TITANIUM

144, i .

2 71 22 g.4a

g.9 n.¥ B, 6667 .3333.5000
8.776 7.937 6.199 4.643 3.564 2,844 2.341 D YI crp1
1.964 1.668 1.428 1.230 @,93a 3.721 p.573 & T CRrp2
f.467 @&.339 2,285 #.219 #.175 8.143 g.117 T T1 crD3
#.0974 M.A55 A.041 #.0831 B.g2n 2.014 & TI CRD4

1 v -1 @
1 1-2 ¢
1 8 -1 1
a B B 2
1 @8 -1 2
1 1 -2 2
2 8 -2 1

{ BLANK CARD ~ NO FURTHUR INDICES - NEW CRYSTAL DEFINITION MAY FOLLOW )
€ BLANK CARD - No FURTHUR CRYSTAL SYSTEM DEFINITEON - END OF DATA)
/

COLUMN 11111111112222222222333333333344444444445555555555666666666677777777778
123456789@123456789@1234567890123456789912345678901234567899123456789@123456789@

//JGNSTER  J0SB ('********/########'.E4J,J.G.NAPIER,
’/ CLASS=B,TIME=2

//PGM EXEC BUFFPROG,PRG=YPLOT
//5YSUT2 Dp SYSOUT=F

//EXECUTE EXEC PROGEXEC.LIB:'MATLIB.JGN.CRYST'.MEM:STERED
//GO.AEPLOT DD SYSOUT=F

//GD,SYSIN DD »

o

3.230 5.147 120.0 CiP.H. ZIRCONIUM,

3 4
@ @ @ 1 2 1
] %] B 1 2 2
[} g A 1 2 3
2 -1 -1 g 2 1
2 -1 -1 2 2 2
2 - ") 2

-1 3
¢ BLANK CaARD - NO FURTHUR INDICES - NEW CRYSTAL DEFINITION MAY FOLLOW )
{ BLANK CARD - NO FURTHUR CRYSTAL SYSTEM DEFINITION - END OF DATA}

(continued)
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COlLUMN 11111111112222222?22333333333344444444445555555555666666666677777777778
123456780@1?3456789ﬂ123456789ﬂ1234567895123456789@1234567890123456789@123456789@

//JGNKTIKY  JOR (rnpwnsrnn JHYARREEH ,E4), J.G.NAPLER,

H CLASS=B,TIME=2
//PGM EXEC BUFFPROG,PRG=VPLOT
//75YSUT2 0D SYSNHUT=F

//EXECUTE EXEC PRGGEXEC,LIH='MATL!B.JGN.CRYST'.MEM=KIKU
J/G0. AERPLOT DD SYSnUT=F
//R0.SYSIN DD =

2.866 IRON
9 2 4 .
@ 9d 1 0.0 B.0 3p2a1 2@. 1.936 KOSSEL PLOT WITH IRON K-ALPH& RADIATIOM,
g 11 2.7 1,9 Apuatl 20. 1.936 KDSSEL PLOT WITH IRON K-ALPHA RADIATION,
111 p.o @0 28901 2@, 1.936 KOSSEL PLOT WITH IRON K-ALPHA RADIATION.
( BLAMK CARD - NO FURTHUR IMDFCES - NEW CRYSTAL DEFINITION MaY FOLLOW )
2.866 ‘ IRGN
2 4
B 91 B.7 9.0 20941 5.7 KIKUCHI PLOT FOR 289 Kv. ELECTRON BEAM,
11 g, @.0 @01 5.0 KIKUCHI PLOT ¥0OR 208 KV. ELECTRON BEAM.
111 @.m 9,0 30061 5.0 KIKUCHI PLOT FOR 288 Kv., ELECTRON BEAM.

{ BLAMK CARD - NO FURTHUR INDICES - NEMW CRYSTAL DEFINITION MAY FOLLOW }
¢ BLANK CARD - NO FURTHUR GRYSTAL SYSTEM DEFINITION - END OF DATA)
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SELECTED EXAMPLES OF PROGRAM QUTPUT

PROGRAM DSPACE

FEXAGUNAL SYSTEM

A= 3.,2320

CWWWWWNNNAEANE =R ROODCOONNMANN e e -~ O orRRRROOOCDCOoO R

L=

QOC O™

-1

-1
-1
-1
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-3
-3
-3
-3
-3
4
-4
-4
~4
-4
-3
-3
-3
-3
-3
-4
-4
-4
-4
-4
-5
-5
-5
-5
-5
-6
-6
-6
-6
-6
-4

5.1470

CLWNROLWNFOLWNES,PWN,OrWNROPrONRFDSPRNN=C NN W=

]
Sed47
2.574
le716
L.287
2.799
Z+459
Ledys
l.463
lelb9
l.b6l6
leb42
l.369
l.176
l.007
1l.399
1.350
La229
1.084
Gevat
1.055
1.J30
0.918
0.900
0.817
0.8508
V.798
D.T7L
0.731
O.664
0.933
0.918
0.877
0.820
Oel55
0.776
0.768
0743
Q.707
0.665
O.042
0.637
D.623
0.60}
Q575
0.539
0.536
0527
0.514
0.497
0.700

WS PP WWWLE RSN I LURNWW HMNWRRNWHENWOWRNAN =R = NOR e O e GO T

HeoCa Po ZIRCONT LM

REFLECTEON MESTRICTIUN:

—r = G O OQLD LIRS, OL OO R

o

-1

-1
-1

-2
-2
-1
-2
-2
-2

-2
-z
-1
-2
-3
-3
-2
-3
-2
-1
-3
-3
-3
-3
-3
-4
-4
-4
-4
-4
-3
-4
-4
-4
-4
-4
-4
-4
-4
-4
-5
~5
-5
-4
-5
-5
-5

WeHQPN=OLLENS=TOQWRENFANS=OPRPWNGROPRA PO WP PNOERHCHNSNG -~

5. 147
2.799
24574
2459
1.A94
L.7le
L.616
1.542
L.463
1.399
1.35%
L.353
lL.287
1.229
L.178
i.169
1.084
l.0358
L.03¢
1.007
J.973
V947
T.733
Je918
0.9G0
2.877
0820
0.417
J.808
9.733
P o
0.771
0.768
0,755
0.743
34731
D.T07
0.700
0.693
Q.64
0.675
0.0665
0.648
0.642
04637
G.623
0.615
0.611
0.607
0.601

P

(continued)



PROGRAM D>PACE

CUEBIC SYSTEM

A=

3.0l150

u.m\rm\nmu*\nmmmmm\.nwm-b.p;\&.r#4\.&\&-8‘&4\&&buuuuuuuuuwnmwmm&r—:—-—:

\BLD-P‘“J‘-“LUN@LHNNN#—!—G-P#-&“4‘h-‘bubuh-‘f\.'l\.:l’\dr—-—GL&L\J@WI\.NNJ—F-ONNNPHDO—'FGF

FOWNFOWRECOCN R C OO LN =N O~ O~ C O WN - O =R OO~ OO~ O™

3.0l5
245506
2.087
1.808
L.617
L. 476
1.278
1.205
1.04%
L4205
lala3
L.090
L.003
U900
0.377
0.852
D.829
0.771
0.696
D.904%
0.877
0.852
0.808
0.789
0.738
0.723
0.709
D.671
0.620
0.639
Da029
0.603
Q+565
0.522
0.723
0.709
0.696
U671
0. 660
U.029
Uenl0
0.611
D.586
0.551
0+.565
0.558
0.539
0.511
0.511
0.5086

92

MOV SO RCC PRSI UNSLS P NALIWTLNE P UD S WP D wd W W W RIR Ay === T

LU.L\.&NJ\NHWWQJ‘WWUJN*‘J‘NNW&UWHWQILA:NMJNNL&';#HF‘NCNNNF‘#—‘QNN’*‘P‘Q"‘D—‘G?

FeC.Ca

WHORWOENOONFOWNFOFRONMWOFROONNEREOFEORONGSGRONFROSO OO D O

COPPER
REFLECTION RESTRICTION:

3.615
24556
24087
1.803
l.017
Le476
1.218
1.205
1,205
lel43
1.030
latits
1.003
Je 260
Ca90%
J.877
J.877
J.u52
0.852
U.829
0.8048
0.789
D.771
JeT38
0.723
1723
Ve 709
U709
J.690
Jet96
.67l
Jatr71
0.660
0.6 239
0.629
Je629
0.0620
D.620
Oe611
d.603
U603
0.594
J.586
J.586
0.572
0565
0,565
0.565
0.558
0.551

P

(continued)
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SPECIFIC

H

1
1

K
Q

0

PROGRAM ANGLES

HEXAGONAL SYSTEM

A=

NN

3.2320

L

}%]

N N NN

NN

w

H
1
1

f

[TCRN CVR U R

C= 5.,1470
GENERAL
K I L
o-1 1
0-1 2
-1 2
1 -2 0
1 -2 1
i-2 2
¢ -2 1
1 -3 0
1 -3 1
-3 1
1 -4 0
0-1 2
9-1 3
1 -2 0
1-2 1
1 -2 2
0-2 1
1-3 0
1 -3 1
0 -3 1
1 -4 0
o-1 3
1-2 0
-2 1

93

ANGLES BETWEEN PLANES

80.93
Bb6 .88
87.03
90,00
81.77
75.28
72.63
B80.44%
86.19
69.T0

75.90

85.19
T4+10
90¢.00
71.26
83.948
82.33
82.65
88.69
78.36
T9.18

63,01
90.00
79.84

HeCouPs

ZIRCONIUM.

REFLECTION RESTRICTIDN:

57.08
T5.94
1%. 76
40.46
54.356
6703
56469
48.39
75. 00
58,84

52447

T1.77
63.21
54.12
70.20
65.95
62. 61
59.23
T4.13
62.34%

62.01

53.82
63.09
15.20

52.11
49. 54

50 44

29. 66
26. 06
43.75
33.89
564 34
38. 81

31.48

39. 56

364 %4

38.76
27.29
58. 69
50e 24
69.33
57.68

48.93

30.29

46.59

n.o
18.87

29.96

13.33

44420

18.26

0.0

11.09

32.19

61.43
37.13

4l.70

49.51

24459

39.23

(continued)
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SPECIFIC

H

1

i

PROGRAM ANGLES

CUBIC SYSTEM

A= 3.¢£150

K
1

1

(=}

o o O o o

e

GENE RAL
H K
z 1
2 2
31
3 1
32
32
3 2
3 3
33
4 1
4 1
& 2
4 3
4 3
4 3
4 3
4 4
& 4
1 1
2 1
2 1
2 2
3 1
3 1
3 2

ANGLES BETWEEN PLANES

90.00
90.00
77.08
9G.00
78.69
79.11
90.00
90.00
290.00
80.13
90.00
81.12
81.87
82.03
82.45
90.00
90.00

90.00

70.53
15.04
90.00
78.90
68.58
19.98
80.79

25

T3.22
T16.37
63,43
b4.T6
66491
671.79
80.13
71.07
81.33
59.04
70.53
T2. 02
64,90
13.90
T4.77
83.03
68.33

83. 606

0.0
39.23
61.87
S54. T4
43.09
58452
36.81

FaCaCo

COPPER.

REFLECTION RESYRICTION:

54. 74
45,00
47T. 87
31.48
53. 96
55. 46
46.69
49. 54
41.08
46469
60, 00
62. 42
55.55
65. 42
48,96
43. 31
52.491

39.37

19.47
15.79

29.50

30.00
19.47

26,57

11.31
40.89
30.96
i3.26
25.24
30.96
33.56
39.51

8.13
56.31
38.02
31.91
10.02

2T1.94

19.11

22421

46.10

23,20

p

13.90

{continued)
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STEREOGRAPHIC PROJECTION OF PLANES CF C.P.H. ZIRCONIUM.

SCALE: RADTUS=  10.00 CMS.

B=

POLE-= 0001

A=

5. 1470

C=

3.2300

3.2300

= 120.00

GAMA=

= 490.00

BETH

S0. 00

ALFAR=

(continued)



108

( PONUTIU0D)

+ 625*9 (1R ¢} 1€5°S 068°LS 200" 06 011°2¢ ES1ES°0 0*0 EOLYB*D k4 - 1- 2
* 6259 06L"Y S9L* 2~ 068°LS s18* 2y 180°S11 SS1€E5"0 GGEEL®O 1S€EZ%* 0~ 4 - 2 1~
+ 626°*9 061y~ S9p*2- 068°LS SEITLEY 450°ST11 S51E6°0 SGEEL*O- ISEZH"0- 4 4 - 1=
* 6Z58"9 0°0 1€6°5- 068"L6 000°06 068191 SS51€5°0 0°0 €0L¥8°0~ Z T 1 -
+ 6759 06L*%~ &9L*2Z '1-3:RF X1 ST IET E¥6 Yo §51€5*0 S5€EL*0~ T16€2%*D < T - 1
hd 625%°9 o6L Y s9L"2 [:1-3: b X4 SI8*2y Ev6 %Y SSTES"0 SSECLT0 19€2%"0 r4 2= 1 T
+ ELZ*%1 0*0 BIZET TZ%°L01 00006 T2y L1 BE6EZ "0~ o0 ETH86°C - 1- 1= 2
+ ELTHYT  H6L°TI1 60B"9- ¥Z24°L01 6L2°%E 69811 BEGEZ*0- UDEYIB"0 L0LL% 0~ - 1~ 2 -
+ €LEZ°YT  46L*TT- 60B6°9— 124°L07 teL-sv1 »69°8171 fEH6Z°0— OEFZB8"0- LOLLY*0~ - ¢ - 1=~
+ €L2°41 0°0 BI9°€T~ T2y L0T 000° 06 6L6° 291 BEGSHT "0~ 0*0 £1%56°0~ - 1 1 2=
+ ELZYT HEL°11- 608°9 1Z%°1L01 12L°S»T 905°19 BEGHZ*0- OE9ZB*"0- LOLI%"D TI- 1 - 1
+ €22°%1 %6I°TT 6&06°% 1Z%°201 6L2Z*%E 905°19 BELLZ "0~ (QE928°C 10LLH*"0 - 2- 1 1
+ 969°L 0°0 E¥E”L 6LG%2L 000" 06 12%"L1 gEL6T "0 0*0 £E1%56°0 T - i- 2
* 96971 65E*9 1L9°€- 61822 6127 %E »6%°811 8EB6ET0 0€E929°0 LoLLv»T0- 1 - 2 1=
+ 969°L 65E°G- Tl9%¢- 61522 12L 6% 26% 811 BE6HZ "0 0E928°0— LOLLI®=0- 1 4 1- 1-
+ 969*L 00 erETl- blLS*ZL 000° 06 615°291 BESHSEZ 0. 00 EI¥56°0— 1 1 T c-
+ 969°L 6CE"9- TI6°E 6L6"2L 12L°<H T 9019 BEESKZ "0 0E928°0— LOLLl%°D T T [ |
+ 9691 6GE"Q Ti9°€ bLS*¢L 6LZ%HE 90s5*19 RE66Z°0 0£928"0 LDLL%D 1 7= 1 1
+ 000°01 00 000" 01 00006 coo0*06 00 0°0 070 000001 4] - 1- 7
+ 000°01 099°8 o000~ ooo*08& 000°0€ o000t 0*0 €2998°0 000050~ o - 2 1=
+ 000°01 0Q99°8- 0005~ Qo006 000" 051 000°021 0*0 €0998°0— 000050~ 0 4 1- 1-
+ 000°01 [+ 0 ¢ 00001~ 000706 000° 06 000*081 oo [ ] ooooe~T - 0 T 1 e~
+ 000"DT 099°8- 000°S 030*06 0007051 000°09 0°0 £09%8° 0~ 00005"0 0 1 - 1
+ 0g0*01  099*8 000*s 000*06 000°* 0t 000*09 o*o €0933°0 000050 4] Z- 1 T
+ REE*S TI®*T~ bHbu*2 2Z5°1¢ »S1°50T LLO®ES 492880 2y 192°0- 6228%") E 0 - 1
+ B6E"S F44:2a4 c°0 e2s 1€ Biy*eg 00006 Y¥Z58*°0 £8225°0 0*0 € T- 1 o]
+ B6E"S TT%*1~ whh*2- 226*1¢ YG17S0T €26*911 LA L4 Adt 2eT92°0~ 6178%"3~ 3 1 4] 1-
+ B6E"S 1191 byt 2~ 226°1¢ Ead:Aa 7 £€26°911 by268*0 Zh19Z2°0 6L29% N~ € ] 1 1-
+ 86E"S Zéq*e- o0 ZZ6"1¢ 2257121 000" 06 4268 °0 £87250~ 0 3 1 1- 0
+ 86E°S 1151 kA a4 [£4- 2017 9HE YL L10°e9 $H753 %0 213z "0 6228%°0D 13 1- 0 1
+ T9L*s 086°1- 3JIE"E h19%2% 1817601 <0T" %S E6SEL*D EGBEECD- Se98S°D 4 0 1- 1
+ 19L%s [ 1. 0 G*0 192y 9RE* LY coo~c6 €65EL"0 90LL9* 0 0°0 [4 - 1 G
+ 1985 Cee T~ 3i€°€- - Y19°c% 181601 268°62T E6SELTO €SBEE"O-~ GEIBS0- 4 1 o 1-
+ 191°5 086°1 gig €~ Y19*2% €T 0L f68°621 £65€L"0 (2310 N o] SEGRS 0= 4 [¢] T 1-
+ 19L*S Co6°¢ - o*o LA 4 ¥19°2¢1 000°06 E66EL"0 90LL9*0- 00 4 T - G
* 19L"3 0c6°1 BlE"E %19°2% £1Z2°0L 201" %S E6GEL"D £S8EE"0 SEIBE0 Z - 2 1
+ GET"51 PO% "R~ £95°%1 €ZGTFTE 0%0* 9711 L35 A el 1622%°0~ TE6EY*0— T609L*D - © - 1
+ 6FT*6T BCH"B- E96°%I- £C5 811 090"911 SHG 6ET TSLL%*0~ TCHE¥°0— T1609L°0~ - 1 0 -
+ 6ET"6T FRCv"B E9G HT- £26°8717 D%6*EQ SHG BET T621%°0- TEGEX*D 16091 °0- - 0 1 1-
+ 6ET"6T ROY°0 €95 %Y E25°811 DYE*E9 9% 0y 18L1y°0- 1£6E%"0 160910 . - 7- © 1
+ 8eL*9 £l6°2- 0O51°S Liv*19 090°9711 55909 16LL%°0 TE6E* 0~ 1609170 1 0 - 1
+ B89L"S 1%6°S 0*0 LLb°To £25°82 000t 0e 16L1%°0 £98lB8°0 0°3 1 - 1 0
+ goL*9 €162~ OST1*%- Li%v*19 090*9T1 SYST6ET 16it%*0 TeEbeE» 0~ TH09L*D- T 1 0 -
+ 8oL"9 €162 0SsT*5— Li%*1%9 OY6*€9 SY5°6ET 16L2%0 TESEH*0 160980~ T J T 1-
+ 89L*9 L9E°G— 0°0 LLY»*T10 . ELY 18T 00006 T1sLL%*0 €£38L8° 0~ 0*o T 1 - ©
+ B9L*9 €162 081°S Li¥~19 0967 €9 SSy 0y T162E% 0 TEGEY*O 1ep9L°e 1 - ¢ 1
+ C00"D1  000°*S- 099°§ C00°06 ooc o2t 000*0¢ 00 000050~ €E0998*0 o a - 1
+ ooo*0T  o00°01 ote oD0"06 0*0 0006 0*0 000001 0*0 0 - 1 o)
* oo0*0T1T ©00°S—- 099°8- 00006 000°021 000051 0°0 00p00s 0= £0998°0- o 1 o 1-
* cootet  CoOlCo 0998~ oooto0e 000" 09 000" 061 0°0 ooo0st o £0998° 0~ 0 D 1 1-
+ coet0T  ON0O0T- 00 00006 o008t 000" 06 0*0 00000 1- oo 0 1 - 2
+ 00001 000°S D99*8 ooo*né G00* 09 000°0¢E 0*0 D000S "0 £0998°0 0 - 0 1
+ 000°s oro oo 00 000" 06 000" 06 00000"1 o*o 0*p 1 2 0 0
138V 1SNOD A X [€ 1ONY {2 19NV {T19NY (e1s0m) (Zisod (T)SoD 1 1 L] H
00000° 07 =NWI 0000007 =SNigvy [ 1] =¥13H1
*HRINOJDYIZ *H*d*I 2 =DS9IN € =dON T o [+ 2] =334

034315 49749244



109

Rog

STERFOGRAPHIC PROJECTION OF PLANES OF C.P.H. ZIRCONIUM,

POLE = 2110

10.00 CM1s.

SCALE: RABIUS=

3.2300

5. 1470

(=

B=

3.2300

A=

GAMA= 120.00

= 90.00

BETAH

90. 00

ALFA=

{continued)
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KOSSEL. PLOT WITH IRON K-ALPHA RADTATION.

TRON LWAVELENGTH= 1.93600
POLE = 001
SCALE= £0. 00 DEGREES FCR THE FIRST INCH FROM POLE
A= 2.8660 B= <£.8660 (= 2.8660
ALFR= 90.00 BETA-  90.00 CAMA= 90.00

{continued)
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APPENDIX E

INDEX OF SUBRQUTINES

AND ENTRY POINTS

AC2TO 4
AC2TP ]
ADCALC 3
ADENT 3
ANGDIR 3
ANGDP 3
ANGPI.N 3
ATMPDT 7
ATMPSB 5
AT2CD 4
ATZ2CP 5
BLOCK DATA 13
COMFAC 12
FACTOR 12
FCALDT 7
FCALSB 8
FaraDT -7
Fadass 8
FUNOF X 15
FUNOF Y 15
FUNZ 14
GpLOT 16
GPNUMB 16
GPSEND 16
GPTEXT 16

1C2DY
1ca2Te
IDCALC
TDENT
INDEX
INDSET
INGOIR
INGDP
INGPLN
INSRT1
INSRT4
INSRTS
INSRT8
IPERP2
IT2CD
I1T2CP
LABAL
MULTPL
PERM
PERP2
PRMSET
SYSABS
TCSET
WAVESP
XTLSYS
XTSYAB

NN DD WNWLWN S






