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LEGAL NOTICE

This report was prepared as an account of Government sponsored work. Neither the United States,

nor the Commission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or implied, with respect to the accuracy,

completeness, or usefulness of the information contained in this report, or that the use of

any information, apparatus, method, or process disclosed in this report may not infringe

privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages resulting from the use of

any information, apparatus, method, or process disclosed in this report.

As used in the above, "person acting on behalf of the Commission" includes any employee or

contractor of the Commission, or employee of such contractor, to the extent that such employee

or contractor of the Commission, or employee of such contractor prepares, disseminates, or

provides access to, any information pursuant to his employment or contract with the Commission,

or his employment with such contractor.



ORNL-TM-1425

Errata and Miscellaneous Improvements to OR GNU

June 9, 1966

The following changes should be made to the symbolic program listing,

pp. 26-39:

The force constants PX(18) and PX(19) for bcc only, have to be inter

changed on cards 484 and 485, so that PX(18) appears on the former and

PX(19) on the latter.

Card No. 304 should be altered to read

D3Q = 1.0E-4 304

This change gets rid of the small spurious spikes sometimes exhibited by

g(v) (see for example the curve for sodium, Ref. 1, Fig. 4). Unfortunately,

this change influences the table of numbers on page 25 somewhat. The last

three numbers are unchanged to nine decimal places, but other numbers agree

to anywhere from three to eight places. The highest "negative frequency"

channel contains 3-6256E+02 instead of 5-8620E+01.

Confusion may arise from the fact that array V in subroutine FREQ cor

responds to E elsewhere, while PH in FREQ is the same as V in other subrou

tines; it is therefore suggested that, in subroutine FREQ, V and PH b,e re

placed by E and V respectively. On cards 313 and 315, replace V by E; on

cards 297, 315 and 348, replace PH by V. On card 291, replace PH(12) by E(.12)

Four remaining Logical IF statements may, if necessary be.replaced by

their arithmetic counterparts as follows:

IF(V(L)-XM) 21, 19, 19 590 .

IF(AL(1)-AL(2)) 521, 522, 522 599

522 IF(AL(2)-AL(3)) 523, 527, 527 603

523 IF(AL(3)-AL(1)) 524, 525, 525 604

The above corrections and suggested changes have been made to all card decks.

The term 1-0E-99 on card No. 219 may cause an underflow on some com

puters, in which case this term should simply be left out.
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OR GNU,

A FORTRAN PROGRAM FOR CALCULATING FREQUENCY-DISTRIBUTION

FUNCTIONS OF CUBIC CRYSTALS

L. J. Raubenheimer and G. Gilat

ABSTRACT

This report describes a computer program which finds

the frequency-distribution function of a centrosymmetric

cubic solid for which a Born-von-Karman force model is

available. The FORTRAN language is used in order to facili

tate modifications necessary for other force models, as well

as other crystal structures. Detailed instructions for using

the program are included, and the required card decks may

be obtained from the authors.

INTRODUCTION

A procedure was developed recently1 for finding the frequency dis

tribution of a cubic solid to a high degree of accuracy. This report

contains the listing of a computer program, written for this purpose

in FORTRAN 63 for the CDC 1604-A computer. The program covers three

cases: the (simple cubic) CsCl structure, and the fee and bec struc

tures, both with one atom per primitive unit cell. The program uses

Born-von-Karman force models for all three cases, but these can be

Guest scientist from the South African Atomic Energy Board, Pretoria,
Republic of South Africa.

1G. Gilat and L. J. Raubenheimer, Phys. Rev. lkkt 390 (1966). There is a
mistake in Eq. (16). The factor (2b2) in theTirst term should be re
placed by b2.



replaced by other models if necessary. A brief discussion is included

to indicate the alterations needed to make the program applicable to

other cubic systems, such as the diamond structure which has a complex

dynamical matrix. The possibility of extending the method to noncubic

systems is also discussed. Indications are that the procedure may find

useful applications in other fields such as the computation of the

electron density of states, as derived from band structure calculations.

THEORY

For a complete treatment of the present method, the reader is

referred to an article,1 which is an extention of the earlier extra

polation method.2 Briefly, a dynamical matrix is found and diagonaliz-

ed at points on a "shifted" simple cubic mesh which uniformly fills

the irreducible section of the first Brillouin zone (hereafter to be

called the irreducible zone). Reciprocal space is assumed to be filled

with small cubes, each of which has a mesh point at its center. Eigen-

frequencies anywhere in a small cube are obtained by linearly extra

polating from the values found at the center point. Because of the

assumption of linear extrapolation, one gets constant frequency surfaces

which are represented by planes, parallel to each other and evenly

spaced throughout the small cube. The number of modes in any frequency

range is then proportional to the volume element (in q-space) falling

between the corresponding constant frequency planes inside the small

cube. The frequency distribution of the solid is obtained by adding

together the contributions from all the different small cubes. In

-G. Gilat and G. Dolling, Phys. Letters 8, 30U (196U).



order for linear extrapolation to be adequate, the mesh of points at

which diagonalizations are to be performed should be sufficiently fine.

A few points not treated extensively in Ref. 1 are discussed

next.

Running Conditions

The irreducible zone for the (simple cubic) CsCl case is defined

by the four planes

qx = qx =°*5; qz =°; qx = V and Sr = qz ' (1)
max

with the q in reduced units (i.e., units of 2ir/a). For fee with one

atom per primitive unit cell there are five planes:

•3

1X = <lx = 1.0; 1Z = 0; qx = a ; a = qz; and qx + a + qz = ^ , (2)
max

while for bcc we have four planes:

qz =0; qx =V S1 =V» and qx +V =1 * (3)

the latter case also having q =1.
max

We define a "mesh number," n (JIMAX in the program), as the number

of slices into which the q -axis is initially divided, giving a distance

2b between mesh points:

qx
2b = —212£L . (I*)

n

(n equals KK, l+KK and 2KK, respectively, for simple cubic, fee and bcc,

where KK is a parameter read in from data card 6.) Mesh points are

assumed to lie on a "shifted" mesh at the centers of small cubes, with

coordinates:

qa =(ma "l),2b * (a =1,2»3) » (5)



where the m are running indices falling within appropriate limits,
a

This shifted mesh avoids most of the degeneracies which complicate the

extrapolation procedure.

Since extrapolation calculations tend to be less accurate close

to the origin, we first treat only those cubes having running index

m between certain limits, which we call IMIN and IMAX. These two
x '

numbers are obtained from data card 6, or if read in as zero, the

following value(s) is(are) automatically assumed:

IMIN = 3, and/or
(6)

IMAX = n

Upon completing calculations for all cubes within these limits of

m , the program subdivides a part of the section for which m < IMIN,
X X

by a mesh which is three times finer than that for the "outer" part,

with new limits on m given by
x

IMAX' = 3.(IMIN - 1)

IMIN* = It , (7)

and a distance between mesh points:

2b' = 2b/3 .

This section is called the "intermediate" part; after going through it,

the "inner" section is taken into account, having

IMAX" = 3.(IMIN' - 1) = 9 ,
•' (8)IMIN = 1 , K '

and the separation between mesh points becoming:

2b" = 2b' /3 = 2b/9 .



If IMIN is read in as 1, then the entire irreducible zone is

treated as one section, with no intermediate or inner part. (Notice

that in this case IMAX is automatically zero.)

Statistical Weights

It is of course impossible to fill the irreducible zone exactly

with small cubes; as much as 5/6 of the volume of a "surface" cube may

fall outside the boundaries of the irreducible zone, if the zone is to.

be filled completely. Such a cube is treated as if it falls completely

inside the irreducible zone, except that all contributions from it are

reduced by its statistical weight (which happens to be proportional

to the fraction of the volume inside the zone).

In general, the weight, W (U in the program), given to a small
qc

cube by the present method is exactly the same as that which the center

point of the cube would have in the well known root sampling method.

In the latter method, for simple cubic or fee, a point (q , q. q )

is given a weight proportional to the number of ways in which + q.,

+ q? and + q_ can be permuted to give distinct combinations. For bcc

it is the number of ways in which +[q or (l-q)], +[<L. or (!-<!,.)] and

+[q or (l-q )] can be permuted, whichever gives the lowest weight.

Assuming that any point to be treated falls in the region q > q > q > 0,

as is always the case in our irreducible zone, we now give some ex

amples of weights obtained. (The asterisk (*) on the coordinate q

should be taken to indicate that for bcc only, q.. should be read as

[q.. or (l-q.)]; of the two possible weights obtained in this way (for

bcc), the lowest is the correct value.)



(a) W(q * >a >q >0) « 23«3! = U8,
X jT Z

(b) W(qx* >qy >0; qz =0) «22-3! =2U,
(c) W(qx* >a >qz >0) «23.3!/2! =2k,
(d) W(qx* =qy >0; qz =0) «12,
(e) W(qx* =qy =qz >0) -8,
(f) W(q >0;a=qz=0)«6 and

(g) W(qx* =qy =qz =0) -1.

When using a shifted mesh (Eq. (5)), none of the coordinates can

be zero, hence cases b, d, f and g are avoided. Only a, c and e occur,

with relative weights of

U8:2U:8 , or 6:3:1 ;

for this reason the weights used in the program are 6, 3 and 1.

Computation Time

The total number of diagonalizations as a function of KK and IMIN

(see INPUT DATA, card 6) is given for the three cases, simple cubic,

fee and bcc, respectively, by:

N = 7 KK (KK + 1)(KK + 2) + AN
sc o

H- • i-KK (2.KK + 1)(U.KK + l) + AN (9)
rcc 3

K = i KK (KK + 1)(KK + 2) + AN
bcc 3

where AN =|(IMIN -l)(l3.IMIN2 -lU.IMlN +3) +155 for IMIN 41
(10)

and AN = 0 for IMIN = 1.

From (10), AN = 207 for IMIN = 3.



If a single mesh is used over the entire irreducible zone, as is

the case for IMIN = 1, then the total number of diagonalizations is

given by Eq. (9), with AN = 0.

In deriving Eq. (10), one has to keep in mind that the intermediate

and inner sections of the irreducible zone for fee and bcc have the

same form as that for simple cubic.

In Ref. 1, calculations for fee and bcc are reported, both struc

tures with one atom per primitive unit cell. Respective mesh numbers

were 32 and Uo (or values of 8 and 20 for KK) and in both cases IMIN

was 3. These numbers, respectively, required 3199 and 3287 matrix

diagonalizations, which limited computation times to about 20 minutes.

Hence the CDC 160U-A computer, which has an effective memory cycle

time of U.5 microseconds, was able to treat about 2 2/3 mesh points

per second. Some calculations have also been performed for the CsCl

structure. Since the dynamical matrix in this case is 6 x 6, computing

time is of course longer. Specifically, with the four-neighbor force

model found for ordered beta-brass,3 the computer used about one second

per diagonalization. Preliminary calculations with mesh numbers up to

20 for this structure indicate that a value of closer to 30 will be

necessary in order to get a frequency distribution function of the same

quality as those reported in Ref. 1. This will require about 100

minutes of computer time. If one is purely interested in thermodynamic

properties, rather than in the minor details of g(v)Av itself, then a

considerably smaller mesh number may be adequate in all three cases,

with corresponding saving of computer time.

3G. Gilat and G. Dolling, Phys. Rev. 138, A1053 (1965).
* ——

See Added Note, p. 24.



In all calculations performed so far, the frequency ranges were

divided into several thousands of channels. Again, this may not be

necessary for most applications; it may be that even a hundred channels

are sufficient. Of course, one then loses a lot of detail in g(v)Av.

We should add that over eighty percent of all computation time is

used for matrix diagonalization by Subroutine JAC0BI; hence in order

to make the procedure more efficient, this subroutine will have to be

optimized.

APPLICATIONS

The present program can be applied directly to any one of three

types of cubic materials, provided a Born-Von-Karman model is available

for that material. The three types are listed next, together with the

maximum number of sets of neighbors at present allowed for by the pro

gram, in brackets:

(a) The simple cubic CsCl structure (U)

(b) fee with one atom per primitive unit cell (8) and

(c) bcc with one atom per primitive unit cell (8).

The present program assumes the dynamical matrix to be real, so in

order to extend the method to cases involving complex numbers, such

as the diamond structure, subroutines JACOBI and GRAD have to be alter

ed; JAC0BI will then have to diagonalize a hermitian dynamical matrix

while GRAD will have to perform multiplication of complex matrices.

EXTENSION TO NONCUBIC SYSTEMS

If systems other than cubic are to be considered, more elaborate

changes will be necessary. The mesh of points filling the irreducible



zone will no longer be simple cubic and hence the volume enclosing each

mesh point will be other than cubic. In general it will probably be a

parallelepiped for which cross-section areas will have to be derived

(see Ref. l). Also, the weights of parallelepipeds at the surfaces of

the irreducible zone will have to be looked at more carefully. In the

cubic case any small cube which lies partly outside the irreducible

zone has a weight proportional to the fraction of the cube falling in

side the irreducible zone.

The parameter NSFB (see INPUT DATA, card 2), which has the value 1

for simple cubic, 2 for fee or 3 for bcc, causes the three routines

(see DESCRIPTION OF SUBROUTINES) GNU, C0NST and ELEM, to do different-

calculations for each of the three cases. In all three routines, trans

fer is affected by statements of the form

G0 T0 (Nx, N2, N )NSFB .

In program GNU this leads to the setting up of running conditions over

the appropriate irreducible zone, in C0NST some convenient constants

are calculated for each structure type, while in ELEM, transfer is

effected to the section calculating the elements of the appropriate

dynamical matrix. In case a new type of structure is to be treated,

one may either replace all of these sections referred to by NSFB, or

add another possibility in each case, with all transfer control state

ments becoming:

G0 T0 (Nx, N2, N3, N^) NSFB .
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OTHER APPLICATIONS

In principle, this method should be applicable to the finding of

other types of distribution functions. Provided one is able to set up

an equation at any point in the Brillouin zone, the eigenvalues of

which are to be sorted into histogram channels, the method can, in prin

ciple, be used to find the distribution of these eigenvalues. An ex

ample is the calculation of the density of states of electrons in a

metal.

INPUT DATA FOR THE PROGRAM

All data are read in at the beginning of the main program, GNU.

Comment cards have also been inserted in the main program, describing

the meaning of the difference constants read in.

Data Cards

1) TITLE: F0RMAT (10A8) - 80 characters (one full card) of

Hollerith information, to be used as a title with the print-out and

plot.

2) NSFB, NNN, NFC: F0RMAT (315). The number NSFB indicates the

type of structure. It should have the value 1 for simple cubic, 2 for

fee or 3 for bcc. NNN is the dimension of the dynamical matrix, i.e.

three times the number of atoms per primitive unit cell. NFC is the

number of force constants to be read in (see data card 5).

3) DVA, XM, DQ: F0RMAT (3F10.0). DVA is the width, Av (in THz),

of the frequency intervals which make up the g(v)Av histogram, i.e.,

The listing of a sample data deck for Na is given at the end of this
report, together with the frequency distribution obtained from these
data. Results are extremely crude, but are intended only for checking
the program.
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the width of the channels into which XM (next paragraph) is to be

divided. Its value depends entirely on the required resolution; it may

be as large as, say, XM/100, but no smaller than XM/6950 in the present

program. In Ref. 1, values of DVA ranging from XM/H000 to XM/5000 were

used.

12
XM is a frequency, in THz (i.e., 10 c/s), which must be slightly

higher than the highest frequency expected to occur in computation.

DQ (6q in Ref. 1, Eq. (h)) is the increment in the q (a = 1,2,3)

to be used in determining all three components of grad v numerically.

A value of 0.0001 is suggested.

1+) AMAS(l), AMAS(10, AMAS(7), AMAS(lO): F0RMAT (UF10.0). Masses

(in atomic units) of the atoms in the unit cell. If only one atom/unit

cell, then only the first number is non-zero, etc.

5) (PX(I), 1 = 1, NFC): F0RMAT (1+F20.6). The PX(l) are the force

constants, four per card. The order in which they are read in, is de

termined as follows: In general the force constant matrix for an atom

with coordinates x > y > z > 0, which belongs to the i-th set of neigh

bors, has the form:1*

al B(i)B3 8(i)62

8(i)B3 41' 8(i)Sl

B(i)
32 •i1' rt(i)

a3

where, because of symmetry, some of these elements may be equal to each

other, or zero. The elements should be supplied in the order

**G. L. Squires, "Inelastic Scattering of Neutrons in Solids and Liquids,"
International Atomic Energy Agency, Vienna (1963), Vol. II, p. 71.
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(1) (1) (1) (1) (1) (1) (2) (2)

including only non-zero and independent force constants. For instance

for the bcc structure, the two closest neighbors are of types (ill)

and (200) respectively, and a two-neighbor force model calculation re

quires only four independent non-zero force constants, namely

al ' ^1 ' al and a2 ' Up to four neighbors are allowed for in the

simple cubic case, and up to eight in the other two cases. The number

NFC (card 2) indicates how many force constants are to be read in.

6) NCTA, NCTC, NTAPE, NPL0T, KK, KG, IMIN, IMAX, NDIV, NPRINT:

F0RMAT (1015).

NCTA controls print-out of g(v)Av.

NCTA < 0: the array is not printed out;

= 0: only the final array of g(v)Av is printed out;

> 0: intermediate arrays are also printed out.

Normally only the final array is needed, although the intermediate ones

are useful for comparing the contributions from the three subsections

of the irreducible zone (see: Running Conditions).

NCTC determines whether or not (part of) the array g(v)Av/v is to

be found. If less than or equal to zero, the array is not obtained;

otherwise the fraction (l/NCTC) of it is calculated and printed out,

starting from zero frequency.

NTAPE has the same function as NCTA, except that it controls the

writing of g(v)Av on special tape 7, which may then be saved for future

use.
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NPL0T, if greater than zero, signifies that a plot of g(v)Av is to

be made; if equal to or less than zero, no plot will be made, in which

case data card 7 is not to be supplied.

KK is a number which determines the "fineness" of the mesh which

divides up the irreducible zone, q , which runs from 0 to 0.5 for

simple cubic and from 0 to 1 for fee and bcc, is to be divided up into

KK, UKK and 2KK parts respectively for the three cases. (This number

of divisions corresponds to the "mesh number" of Eq. (U). The number

of diagonalizations as a function of KK has been treated under the

heading Computation Time.

KG determines whether, for each mesh point, the following informa

tion is to be printed out: the serial number of the point, its three

running indices (the m of Eq. (5)), the statistical weight, U (W
a qc

of Ref. 1, Eq. (20)), the three components of the reduced q-vector,

and all the eigenfrequencies obtained at the point. If KG = 0, all

these numbers are printed and punched on cards; if KG = 1, they are

printed only; if KG = 2, they are punched only, while if KG > 2, they

are neither punched nor printed out.

IMIN and IMAX are the minimum and maximum values of the running

index, m (Eq. (5)), on the crude mesh. Either or both may be read in

as zero, in which case the program sets IMIN = 3 and/or IMAX = the

appropriate "mesh number" (Eq. (M). Cubes having running index

m < IMIN, are further subdivided into smaller cubes before extrapola-
x '

tion, as explained under the heading Running Conditions. If, however,

IMIN is read in as unity, no such further subdivision is affected.
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NDIV is no longer used. Simply leave it blank.

NPRINT controls the print-out of information pertaining to each

extrapolation. Normally NPRINT = 0 or 1, in which case no information

is printed out. The information printed for NPRINT > 2 is: V(L) (the

eigenfrequency), GRD (=|grad vT |), AL ,AL2, AL_ (direction cosines of

the gradient vector), DELW (thickness of slices into which the cube is

subdivided), W (|w | is the distance from the cube center to the first

corner; if W > 0, we have the 6-sided case, while if W < 0, we have

the U-sided case), VOLUME (correct volume of the cube), DIFF (the error

made in finding the volume by adding all volume elements together) and

NDEL (the number of frequency channels to which this extrapolation con

tributes ).

7) PL0TW, PL0TH: F0RMAT (2F10.0): These parameters are the width

and maximum height, in inches, of the plot. This card is only required

if NPL0T (card 6) is greater than zero. Convenient parameters for the

standard CALCOMP plotter are:

PL0TW = 12.0, PL0TH = 8.5.

Special Tapes Required

Plotting is done on tape No. 6. The only order referring to this

tape number is the first executable statement of the main program:

CALL PL0TS (BUFFER, 2000, 6) .

If NTAPE (data card 6) is greater than or equal to zero, the distri

bution g(v)Av is also written on special tape 7, format (5E16.8). The

final distribution of g(v)Av is preceded by TITLE (one line, format

10A8).
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DESCRIPTION OF SUBROUTINES

Program GNU:

DIMENSION CTA(7000), CTC(7000), etc.

This is the main program. Depending on the value of parameter NSFB,

it sets up running conditions and finds appropriate weights, as it fills

up the irreducible zone with a (simple cubic) mesh of points. If re

quired (see Running Conditions), it divides the zone into 3 parts—an

outer, filled with a crude mesh, an intermediate, filled with a somewhat

finer mesh, and an innermost filled with an even finer mesh. It calls

the necessary subroutines for finding eigenvalues, for extrapolating,

etc., and controls the printing and/or punching of most of the output

data. g(v)Av is stored in array CTA and is normalized so that its sum

equals 10 , before it is printed out. In order to check for the

occurrence of "negative" frequencies, g(v)Av is stored in CTA from

location 51 upwards. (Negative frequencies can occur as a result of ex

trapolation at q ^ 0~see discussion in Ref. 1.) The first 50 channels,

which should contain any contributions from these "negative" frequencies,

are finally printed out, before and separate from the final g(v)Av. If

required, g(v)Av/v is computed (see INPUT DATA, card 6 - NCTC) and

stored in array CTC. It is normalized so that the average of channels

11, 12, 13, and ik is unity. (This is done purely because computational

errors for the first few channels usually are large.)

Some of the arrays and variables used by GNU are:

Q(3) - the three Cartesian components of the q-vector in reduced

units (i.e., units of 2ir/a).
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GD1(12), GD2(12), GD3(12) - respectively contain the x, y and z

components of the gradients corresponding to the different eigen

values .

V(12) - the eigenfrequencies. (Not to be confused with array A£ in

Subroutine FREQ, which contains numbers proportional to the squares

of the eigenfrequencies.)

U - the weighting factor for a small cube. It corresponds to W
qc

in Eq. (20) of Ref. 1. For cubic systems, U is directly proportion

al to the fraction of the volume of the small cube which falls in

side the irreducible zone. In the program it is conveniently

taken to be six times that fraction.

The first executable order of this program, i.e.,

CALL PL0TS (BUFFER, 2000, 6) ,

activates all plotting routines (see subroutine GNPL0T), "informing"

the program that all plotting information has to be stored in array

BUFFER (2000 locations) and then dumped out onto special tape 6. The

array BUFFER is emptied every time it gets full and also at the end of

the calculation. The CALCOMP plotter uses this tape as a control tape

for plotting.

Subroutine C0NST

DIMENSI0N PX(60), AMAS(l2)

The purpose of this subroutine is mainly to prevent unnecessary

repetition of calculations by subroutine ELEM.

The array PX initially contains the force constants as read in.

If, however, a particular force constant always appears with the same
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numerical factor in the elements of the dynamical matrix, the factor

is here incorporated into the force constant.

In the case of the CsCl structure, the array AMAS, which contains

the atomic masses of the two atoms in the unit cell in locations 1 and

U, respectively, is altered, so that

_ 1

AMAS(l) = AMAS(2) = AMAS(3) = [AMAS(l)] 2

and 1_

AMAS(U) = AMAS(5) = AMAS(6) = [AMAS(U)] 2 ,

where the values of AMAS(l) and (k) on the right hand side are those

which were read in originally.

A few numerical constants, CPT, SC and ANN, are also determined

for later use.

Subroutine FREQ (Q, GDI, GD2, GD3)

DIMENSI0N A(12,12), Q(3), PH(12), V(l2), EV(12,12), AA(12,12), DA(12,12),

GD1(12), GD2(12), GD3(12), etc.

This subroutine controls the routines ELEM, JAC0BI and GRAD. To

gether these subroutines perform the calculations represented by Eqs.

(1) through (8) of Ref. 1. For any q-vector (array _Q_(3)), subroutine

FREQ calls the routine ELEM to set up dynamical matrix A (D°(q) of Ref.

1). Subroutine JAC0BI then diagonalizes A, storing eigenvalues in JL

and eigenvectors in EV. (These eigenvalues are proportional to the

squares of the eigenfrequencies.) FREQ finds the eigenfrequencies them

selves and stores them in array PH. After adding a small amount, 6q

(DQ in the program), to the a-th component of the q-vector, the modifi

ed dynamical matrix D°(q + e 6q ) is obtained by ELEM and stored in
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array AA. The "change" in the dynamical matrix, A_ (q) (Ref. 1, Eq. (U)),

is then found by FREQ and stored in array DA. Subroutine GRAD performs

the operations of Eqs. (6) and (8) of Ref. 1, with matrix U. of Ref. 1

equivalent to the array EV. This yields the a-th components of the

gradients of all the eigenfrequencies. The procedure of finding a

modified dynamical matrix, etc., is repeated for each of the three

Cartesian directions so that finally the x-components of all gradients

are in array GDI, the y-components in GD2 and the z-components in GD3.

Subroutine ELEM (Q,A)

DIMENSION Q(3), A(12,12), etc.

This routine finds the elments of the dynamical matrix D°(q) and

stores them in array A_. The components of q_ should be in Q_. N is the

dimension of D?(q). Depending on the value of code number NSFB (data

card 6) the subroutine sets up the required matrix for any of the follow

ing three cases:

NSFB = 1: simple cubic (CsCl structure),

= 2: fee (monatomic),

=3: bcc (monatomic).

If another theory, rather than that of Born and von Karman, is to

be used, ELEM and part of C0NST will have to be replaced.

Subroutine JACOBI (A,B,E,N)

DIMENSION A(12,12), B(l2,12), E(l2).

This routine diagonalizes (real) matrix A, stores eigenvalues in

E. and eigenvectors as columns in B_. The reason for introducing a few

double precision constants is a precaution against the extremely rare
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possibility that YSQ (statement 77) is zero within the range of single

precision. This has happened only once in probably 500,000 calculations,

Normally, the double precision constants are not used.

Subroutine GRAD (A,G)

DIMENSION EV(12,12), A(l2,12), G(l2), V(12), etc.

This subroutine calculates one Cartesian component of the gradient

of each of the eigenfrequencies, V , and stores them in G. The formal

variable G stands for GDI, GD2 or GD3, depending on which Cartesian

component is calculated. The program performs the operations of Eq. (6)

and (8), Ref. 1, with A. of the subroutine equivalent to A. (q) and EV

equivalent to the eigenvector matrix U in Ref. 1.

Subroutine SWEEP (Q, GDI, GD2, GD3)

DIMENSION CTA(7000), etc.

Using the eigenfrequencies and gradients obtained at the center of

a small cube, this subroutine extrapolates each eigenfrequency linearly

throughout the cube, utilizing Eqs. (9) through (21) of Ref. 1. It

finds contributions UAV to be added to the appropriate channels

(v,v + Av) of the g(v )Av histogram (array CTA). AV is the volume element

(in q-space) which falls between the appropriate frequency limits

(v,v + Av) and U is the weighting factor of the small cube. [One eventu

ally ends up with a g(v)Av which is normalized to 3N.U .V, where N
max '

is the number of atoms per unit cell, U the weight of a general cube,

i.e. one lying entirely inside the irreducible zone, and V the volume of
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the zone. In program GNU, however, the distribution is normalized to

io10.]

The subroutine always divides each cube into at least l6o slices,

using intermediate array CTD. The volume of each slice is taken to be

its area times its thickness. This approximation turns out to be ex

tremely accurate, reproducing the volume of the cube to within better

than 10" . Nevertheless, the total number of frequencies from such

extrapolation is normalized to equal exactly U times the volume of the

cube, before being sorted into the channels of CTA. Subdivision of

each cube is made such that an integral number of channels of CTD ex

actly corresponds to one channel of CTA.

An alternative procedure which is perhaps more elegant and does

not utilize the approximation of Eq. (10), Ref. 1, is finding the volume

elements V between any two frequencies by exact integration of the

function S(w) (Ref. l) between the appropriate limits. This may even

save some computer time, since the use of intermediate finer frequency

channels are not required. Also, normalizing of the contributions from

a small cube is then no longer necessary since the sum of volume ele

ments should be exactly equal to the volume of the cube.

Subroutine WRITE (ARRAY, NDIM, DELF, NA, NB, NFMT):

DIMENSION ARRAY (NDIM).

This routine is used for printing out both of arrays CTA (which

2
containsg(v)Av) and CTC (which holds g(v)Av/v ). The formal variables

have the following meanings:

ARRAY - the set of numbers to be printed out.

*

This procedure is no longer used. The current method is described in
the next paragraph.
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NDIM - dimension of ARRAY, part of which is to be printed out.

12
DELF - width of the frequency intervals (in THz or 10 cps) into

which the entire range of frequencies has been divided

(same as DVA in GNU, and DF in GNPL0T).

NA,NB - the locations of the first and last numbers, in ARRAY.

which are to be printed.

NFMT - a code number indicating which format is to be used in

print-out:

NFMT = 1, F0RMAT(IX, F10.5, 7X, 10F10.0)

NFMT = 2, F0RMAT(IX, F10.5, 7X, 10E10.3)

The frequency is assumed to start from zero. On each line a

frequency followed by ten numbers from ARRAY is printed.

This frequency corresponds to that on the low side of the

first channel represented in each row.

Subroutine GNPL0T (G, NDIM, FMAX, DF, PL0TW, PL0TH, TITLE):

DIMENSION G(NDIM), TITLE(lO).

This routine makes a plot of g(v)Av. The number of frequencies in

each channel is represented by a single point and successive points are

connected by straight lines. All the necessary scaling of numbers is

done by this subroutine. The formal variables have the following mean

ings:

G - the array of numbers to be plotted (identical to CTA in GNU).

NDIM - dimension of the array G, part of which is to be plotted.

FMAX - the highest expected frequency (in THz) , corresponding to

XM, data card 3.
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DF - the width of the frequency channels into which FMAX has been

divided. It is equivalent to DVA, data card 3. NOTE: each

frequency channel corresponds to a location in G.

PL0TH - width (in inches) of plot.

PL0TH - height (in inches) of plot. The largest number in G. is

scaled to this height.

TITLE - a 10-word array containing 80 characters of Hollerith in

formation, read in as data by program GNU, and written

below the plot by this subroutine.

NOTE: This subroutine has been written for the CDC 160U-A computer with

CALCOMP plotter. Use has been made of the plotting subroutines

available, such as PL0T, SYMB0L and NUMBER which draw lines,

write Hollerith information and write numbers respectively.

SOME NOTES ON FORTRAN 635

Although a detailed discussion of the particular version of

FORTRAN is not intended, a few remarks are probably in order:

1) As is common for most versions of FORTRAN, all variables hav

ing names starting with I, J, K, L, M or N are treated as integers.

However, mixed operations are allowed; that is, if on the right hand

side of a FORTRAN statement, integers and floating point variables are

mixed, everything is changed to floating point before execution. The

final form of the result is determined by the type of variable being

calculated.

5FORTRAN 63/Reference Manual, CONTROL DATA CORPORATION, 8100 3^th Ave.,
S., Minneapolis 20, Minn. (Jan. I96U).
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2) Both "logical" (two-branch) and "arithmetic" (three-branch)

IF-statements are used. "Logical" IF-statements contain abbreviations

such as .GT. (greater than), .GE. (greater than or equal to), .NE. (not

equal to), etc. If the logical statement in brackets is true, transfer

takes place to the first address, otherwise to the second one. Several

logical IF's may be combined using .AND. or ,0R.

3) When using a standard tape unit for reading in, writing out

or punching, the number of the particular tape unit is not required.

Only when a non-standard tape is used, does one have to specify it by

number. For instance, in statement 299 of the main program:

299 WRITE(7,9125) (CTA(J), J = 1,NA) ,

writing takes place on special tape 7 according to format 9125.

k) C0MM0N statements with or without block identifiers may be

used. It may be necessary, for some other versions of FORTRAN, to

make a single C0MM0N statement for all subroutines.

5) The line printer used with the 160U-A at ORNL allows 120

characters per line, the first of which controls the printer in the

usual way.

6) The computer allows a word length of eight Hollerith characters.

The only places where more than six are being used, though, are with

the reading in, printing out and writing (by the plotter) of array

TITLE (10 locations) - see program GNU, formats 123 and 9123, and sub

routine GNPL0T.

7) The 160U-A has a 32K core memory, hence for a smaller machine,

dimensions of arrays may have to be reduced. Effective memory cycle

time is H»5 microseconds.
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ADDED NOTE:

Computation time depends much more strongly on the number of

channels into which the frequency range is subdivided, than was believed

at first. If the number of channels (XM/DVA) is around 100, the total

time required for extrapolating all three eigenfrequencies is about 1/k

of that required for diagonalization, or 20% of the total time used per

cube, in the case of one atom per unit cell. Upon increasing the number

of channels to U000, extrapolation time becomes about 2 1/2 times the

diagonalization time, or about 10% of the total time per cube. Hence

computation time can be drastically cut by reducing the number of fre

quency channels.
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EXAMPLE - SOME CRUDE RESULTS FOR SODIUM

INPUT DATA

CRUDE FREQ DISTR FOR SODIUM. MESH NO. = 2*KK = 6 .

3 3 13

4.2 O.OOOI0.05

22.991

1178.0

-38.0

-7.0

33.0

0 3

12.0

1320.0

-0.4

3.0

472.0

-65.0

14.0

LISTING OF OUTPUT ON SPECIAL TAPE 7

CRUDE FREQ DISTR FOR SODIUM. MESH NO. = 2*KK = 6

6.23688883E+04 2.50354609E+05 6.0&351398E+05 1.18220212E+06

7.23247484E+06

2.13220185E+07

7.01483320E+07

1.05597737E+08

1 .23257006E+08

1 .71718456E+08

1.21442961E+08

1.32696468E+08

1.61204512E+08

1.99693083E+08

1.67104290E+08

1.68290751E+08

2.20839963E+08

2.57318441E+08

1 .07052708E+06

0

2.89313314E+06

1.21938614E+07

3.30204139E+07

8.56799591E+07

1.14794321E+08

1 .50451070E+08

1.41974076E+08

1.11196085E+08

1 .20049459E+08

1.97917652E+08

1.90260207E+08

1.71498471E+08

1.90959580E+08

3.70516186E+08

1 .50205943E+08

0

Additional Output:

4.12573376E+06

1.50412758E+07

5.38464414E+07

9.20651184E+07

1.12554104E+08

1.7014&369E+08

1.28368968E+08

1.21759753E+08

1.25293357E+08

2.05563178E+08

1.79560917E+08

1.69682590E+08

1.99468019E+08

4.78676680E+08

8.66534406E+07

0

5.53273481E+06

1.81606808E+07

6.52112832E+07

9.99928469E+07

1.09346317E+08

1 .75751036E+08

1 .23113054E+08

1.32673313E+08

1.41357848E+08

2.04580392E+08

1.68182249E+08

1.68297111E+08

1.99047705E+08

3.08357828E+08

9.40471737E+06

0

104.0

52.0

17.0

1.96164074E+06

9.42577495E+06

2.68620000E+07

7.85173863E+07

1.09821642E+08

1.33808608E+08

1.60370674E+08

1.13656939E+08

1.21086234E+08

1.82117726E+08

1.96009852E+08

1.71185325E+08

1.81372580E+08

2.76864495E+08

1.90475282E+08

6.14663243E-02

Contents of the fifty "negative frequency" channels are printed out, all containing zeros
except the highest one, (-0.05,0), which yields the number 5.8620E+01. The final g(v)Av
(NCTA = 0) as well as the lower one-third of g(v)Av/v (NCTC = 3) is printed out on the standard
output unit, but these are not reproduced here. A plot is also made (NPLOT = 1), but is not
included here.

These results are useful for checking the program, since they require a total execution time
of only 60 seconds on the l6o!t-A computer. To obtain a reasonable distribution for sodium, a
much larger mesh number is needed (see Ref. 1).
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SYMBOLIC PROGRAM LISTING

PROGRAM GNU I
2

DIMENSION CTA<7000)#CTC(7000)|BUFFER(2000).T!TLE( |0> 3
DIMENSION AL(3)»Q(3),V< I2),QC-M l2)»GD2n?)fGD3( I2).PX(60) 4
DIMENSION AKASC 12) 5
DIMENSION EV(12.12) 6
C0MM0N/2/ANN 7
C0MM0N/3/PI.CPT»PX,U,SC,NSFB.AMAS,DQ 8
C0MM0N/4/EV.V 9
C0MMf!N/5/LA»CTA»DVA.AHALF,V0LUME,ASQ.NPRlNT,XM 10
C0MM0N/6/Kf,KK»I#J»K II
COMMON/7/NNN '2

13

C THE ONLY (DIMENSIONED) aRrA*S IN COMMON STATEMENTS ARE eTA<7000>» 14
C EV <12.|2) AND V<|2) ♦ V IN GNU IS EQUIVALENT TO PH IN SUBR. FREQ |5

16

101 FOBMATUHK ) 17
7102 F0RMAT<5Xi22HFREQ» CHANNEL WIDTH = »F6,4 > 18
105 FORMAT( |X,I4.3I3»2X»3HU a,F4, Ii5X,3HQ »#3F9.5»5X,3HV *»6F9.5) 19
106 FORMAT( |HK. |0X. 22HARRAY 6F G<NU)/(NU)*"2 ///) 20
107 FORMAT<IX,I5,3I3.F5,|.4X,6F9,5/8F9,5) 21

2107 F0RMAT(4F2C.6) 22
108 FORMAT( |H0, |0X» I8HATOMIC MASS(ES) = ,4F|0.4 ) 23

2109 FORMAT( I6H0FARCE CONSTANTS ) 24
MM F0PMAT<33HK (NSFB. NNN, KK, IMIN, IMAX) » ,1014) 25
MI2 FORMAT(44H0 CYCLE NO,, KK, NO, CUBES, IMIN, IMAX = H0I5) 26
||9 FORMAT(8FI0,0> 27
I120 FOPMAT(20I5) 28
2120 FOPMAT( |H0, I0EI 1,4) 29
123 FORMAT( I0A8) 30

8123 FORMAT( I8HKFREQ< I0**|2 CPS), »20X, 24HG(NU> HISTOGRAM CHANNELS //) 3|
9123 FORMAT( |HK, I0X, I0A8/IHK) 32
125 FOPMATCIOFe.0) 33

9125 F0RMAT(5E|6,8) 34
1002 FORMATt IWI> 35
1003 FORMAT(|H|/35HK 'NEGATIVE* FREQUENCY CHANNELS /JHK) 36

37C
C ALL "LOGICAL IF* STATEMENTS HAVE BEEN REPLACED BY ARITHMETIC IF*S 38
C SAME LOGICAL IFS HAVE BEEN LEFT IN AS COMMENTS, INDICATED BY C* 39
C 40
C ACTIVATE PLOTTING ROUTINES FIRST 4|

CALL PL6TS(BUFFER,2000.6) 42
43C

C NDIMA AND NDI*C ARE THE DIMENSIONS OF CTa AND CTC 44
NDIM* a 70C0 45
NDIMC s NDIMA 46

47C

C READ 1ST DATA CARD 48
READ 123, TITLE *9

C 50
C READ 2ND DATA CARD 5I

READ I120, NSFB, NNN, NFC 52
C NSFB » I FOR SIMPLE CUBE, =2 FOR FCC AND =3 FOR BCC , 53
C NNN s DIMENSICN ( «3 TIMES NO, OF ATOMS/UNIT CELL ) 54
C NFC » NO. OF FORCE CONSTANTS TO BE READ IN FURTHER ON , 55
C 56
C READ 3RD DATA CARD 57

READ I19, EVA, XM, DO 58
C DVA » CHANNEL WIDTH OF HISTOGRAM UN I0*•I 2 C/S) 99
C XM « MAX FREQ (UNITS OF I0••12 C/S) 60
17 DO • DELTA Q FOR COMPUTING GRAD(NU). USUALLY DQ = 0,000T 6|
C *2



27

C READ 4TH DATA CARD 63
READ II9,ANAS( I),AMAS<4>,AMAS(7>,AMAS( 10) 64

C 65
C READ 5TH DATA CARD(S) * FORCE CONSTANTS 66

READ 2107, (PX(I). I«!#NFc> 67
C 68

L = NFC * I 69
DO 527 J s L,60 70

527 PX(J) = 0,0 71
C 72
C READ 6TH DATA CARD 73

READ M20' NCTA'NCTCNTaPE'NFLOT.KK,KG'IMIN,IMaX/NDIV,NPRINT 74
C NDIV IS NOT USED ANY MORE 75
C 76

IF(NPLOT>7IO,7IO,402 77
C 78
C READ 7TH DATA CARD » PLOT INFORMATION 79
C READ IN PLOT UDTH (OR LENGTH) AND MAX PLOT HEIGHT IN INCHES . 80

402 READ 119, PLOTW, PLOTH 81
C 82

7|0 PRINT 9|23, TITLE 83
PRINT |08,AMS( l).AMAS(4),AMAS(7),AMAS( 10) 84
PRINT 2109 85
PRINT 2107, (PXm, I=!,NFC) 86

C 87
3|0 L* • XM/DVA * 51,0 88

C WE START STORING G(NU) IN LOc, 5| OF CTA IN CASE OF »NEG» FREQS 89
NS » 0 90

C NS IS TO BE ThE MESH POINT SEQUENCE NUMBER 91
C FIND SAME CONVENIENT CONSTANTS ETC, WITH SUBROUTINE CONST . 92
p 93

CALL CONST 94
C 95

DO |0 I s I.NDIMA 96
|0 CTA<I> = 0.0 97

DO 406 M « I.NDJMC 98
406 CTC(M) b 0,0 "

C 100
3| I GO TO (3I2,3|3,3|4) NSFB 101
3|2 JIMAX 8 KK 102

PP • 0,5 103
GO TO 320 104

3|3 JIMAX 8 4«KK 105
PP s |,0 106
GO TO 320 107

3|4 JIMAX • 2»KK 108
PP • 1,0 "09

320 CUBE 8 PP/^IMAX I10
IF(IMAX)1320.1320,2320 'II

1320 IMAX 8 JIMAX I'?
2320 IF(JMIN>32I.32|,40I I13
321 IMIN • 3 114
401 PRINT M M.NSFB,NNN,KK,IMIN,IMAX 115

PRINT 101 116
C 117
C BRILLOUIN ZONE NOW BROKEN UP INTO THREE PARTS (KM 8 |,3j l|8
C I19

DO 69 KM s |,3 120
II AHALF 8 CUEE/2,0 121

VOLUME * 8.0»AHALF«*3 122
(!•• AHALF IS HALF THE LENGTH Of A LITTLE CUBE EDGE . 123

ASQ 8 AHALF«»2 124
C 125

DO 350 I a IMIN,IMAX 126
GO TO (864.865,666) NSFB 127
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864 JMAX 8 I 128
GO T" 867 129

865 JMAX s 3'KK*0,500|»ABSF(3*KK*0,5»I) 130
KFCC 8 6'KK + | 131
GO TO 867 '32

866 JMAX 8 KK*C,500l-ABSF(KK*o.5"I) 133
867 DO 350 Jal.JMAX "34
868 DO 350 K • |,J '35

GO TO (345,670,345) NSFB 136
870 IF(!*J*K"KFCC)345»345»350 '37
345 0(I) 8 (IbC.5)'CUBE 138

0(2) a (J-0,5)*CUBE '39
0(3) a (K-0,9)'CUBE '40

C THE 'LOGICAL IF* FORM OF THE STaTEMENT(S) WHICH FOLLOW(S>» IS 141
C« IF(JMAX,NE.J.AND,J.NE,K) 349.346 142

IF((JMAX-J)'(J«K>)349,346,349 143
346 IF(K-JMAX)348,347,347 '44
347 l|a|,0 l45

GO TO 19 '46
348 II s 3,0 '47

GO T" 19 '48
349 ij » 6,0 '49
|9 NS a NS * I '50

CALL FREQ(C,GDI.GD2.GD3) 151
31 IF(KG»I)34,34,29 '52
34 PRINT 105, NS,I.J.K.U.<0(M).M=I.3),(V(M),M=I.NNN> 153

C THE 'LOGICAL IF* FORM OF THE STATEMENT(S) WHICH FOLLOW(S). IS 154
C* 29 IF(KG,EQ,0.eR,KG.EQ,2) 35,370 "55

29 TF(KG*(KG«2)>370.35,370 l56
35 PUNCH 107, NS,I.J.K.U.tQ(M).Ms|,3),(V(M).M8|,NNN) 157

C '58
370 CALL SWEEP(Q,GDI.GD2,GD3) 159
350 CONTINUE '60

PRINT 101 l6l
C 162

SA a 0,0 l63
C THE 'LOGICAL IF* FORM OF THE STaTEMENT(S) WHICH FOLLOW(S)i IS 164
C* IF(NCTA,GT.O.OR.NTaPE»GT,o.OR,IMIN,EO,|) 47.68 165

IF(NCTA)447,447,47 166
447 IF(NTAPE)547,547,47 167
547 IF( IMIN-I)66.47,68 168
47 DO 56 Jal.LA 169
56 SA a SA*CT»(I) '70

RA a |,0E*I0/SA 171
DO 57 JbI.LA 172

57 CTA(J)sCTA(j)*RA •"'
68 PRINT 101 '74

C THE 'LOGICAL IF* FORM OF THE STATEMENT(S) WHICH FOLLOW(S)« IS 175
C« IF(NCTA,GT.O.AND,IMIN,GT,|) 63,66 176

IF(NCTA)66,66,163 '77
163 IFdMIN-l )66,66,63 I7B
63 CALL WRITE(CTA,NDIMA,DVA,5I.LA,I) 179

PRINT 101 180
66 IF(NTAPE)|«7,167,67 I8|
67 WRITE(7,9|?5> (CTA(J>, Ja5liLA> 182
167 CONTINUE 183

IF(IMIN-I)646,746,646 184
C THE 'LOGICAL IF* FORM OF THE STATEMENT(S) WHICH FOLLOW(S)i IS 185
C*646 IF(NCTA,GT.O.OR,NTAPE,GT,0) 46#746 186

646 IF(NCTA) 246,246,46 187
246 IF(NTAPE) 746,746,46 188
46 DO |46,Ja|,LA 189
146 CTA(J)»CTACJ)/RA 190
746 PRINT 1112. KM.KK.NS,JMJN,IMAX 191

PRINT IQI "2
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KK a 3*KK 193
CUBE a CUBE/3,0 "4
IMAX a (IMIN«I)*3 '95
GO TO (71,70.69) KM 196

70 IMIN a | 197
GO TO 69 198

71 IMIN a 4 '99
69 CONTINUE 200

C 201
202 PRINT 1003 202

PRINT 2|20, (CTA(J), J8|,5D) 203
201 DO 298 Ia5l,LA 204
298 CTA(I-50) » CTA(I) 205

NA a LA«5Q 206
NAA s NA ♦ | 207
DO 4000 J « NAA, LA 208

4000 CTA(J) a 0,0 209
IF(NCTA)62S8,3298,3298 2|0

3298 PRINT 1002 21 I
PRINT 9|23. TITLE 212
PRINT 7102, DVA 213
PRINT 8|23 2I4
CALL WRITE(CTA,ND!MA,DVA, |,Na, |) 215

6298 IF(NCTC)5258,4298,4298 2l6
4298 PRINT 1002 2l7

C0N5 a (Ct*(||>/||0i25 * CTA(|2>/|32t25 ♦ CtA(,3)/|56.25 ♦ 2I«
B CTA(|4)/|e2,25)/(4,0*DVA*'2) * I.QE-99 2|9

C C0N5 NORMALIZES CTC SO THAT AVE. OF CHANNELS M T«RU 14 Is UNITY . 220
FRQ a -DVA/2,0 221
NFRAC a NA7NCTC 222
DO 6| I a |,nFRAC 223
FRQ a FRO ♦ DVA 224

61 CTC(I) a CTA(I)/(C0N5*FRQ"2) 225
PRINT 106 226
CALL WRITE(CTC,NDIMCDVA, l.NFRAC.2) 227

5298 IF(NPL0T)2298,2298,1298 228
|298 CALL GNPLOT(CTA,NDlMA,XM,DVA,PLOTW.PLOTH,TITLE) 229
2298 IF(NTAPE) 20 0*I 99*I 99 230
199 WRITE(7,123) TITLE 231
299 WRITE(7,9|25) (CTA(J), Js|,NA) 232

END PILE 7 233
200 END 23*

SUBROUTINE CONST 235
C 236
C THIS SUBROUTINE SETS UP CONSTANTS, MULTIPLIES FORCE CONSTANTS 237
C BY CONVENIENT FACTORS, ETC. SO AS TO AVOID REPETITION IN 238
C SUBROUTINE ELEM . 239

24Q

DIMENSION PX(60), AMASU2) 241
C0MM0N/2/ANN 242
COMMON/3/PI,CPT,PX.U.SC,NSFB,AMAS,DQ 243
COMMON/7/N 244

245

246

247

248

249

FURTHER DOWN FOR FCC AND BCC . 250
25|

FB 252
253

CHLORIDE STRUCTURE) 254
51 CPTa8,0*(PX(|)*PX(|3)*2,0*PX(|4)) 255
306 AMAS(|) a AMAS(2) a AMAS(3) a I.0/SORTF(AMASCI)) 256

AMAS<4> a AMAS(5> a AMAS(ft) a |,Q/SQRTF(AMAS(4)> 257

C

c

HHa|,66043
PIa3,14|59265
SC«39,4784|76*HH

307 ANN a 0.5/(DQ*SC>
ANN AND SC ARE CHANGED

0

c
c

GO TO (51,52,53) NS

SIMPLE CUBIC (CESIUM



30

C IN THE CS-CL CASE, ARRAY AMAS CONTAINS |/(SQRTS. OF MASSES) - 258
C THESE ARE TAKEN INTO ACCOUNT BY SUBROUTINE ELEM , 259

RETURN 260

261C
C FCC (MONATOMIC) 262

52 CPTa2,0*(PX(4)*2,0'PX<5)+px(25)*2,0*PX(26)) 263
ANN a ANN/AMAS(I) 264
SC a SC*AMAS( !) 265
DO | I a |,3 266

1 PX(I)»4,0#PX(I) 267
PX(4)a2,0*PX(4> 268
PX(5)a2,0*PX<5) 269
DO 2 J86.9 270

2 PX(I)a8,0*FX(I) 271
DO 3 IaI0.16 272

3 PX(I)a4,0»FX(i) 273
00 4 la|7,24 274

4 PX(I)a8,0»FX(I) 275
PX(25)a2,0«PX(25) 276
PX(26)s2,0*PX(26) 277
RETURN 278

279
C
C BCC (MONATOMIC) 280

53 CPTa2,0*<PX3)*2.0*(PX<4)*pX(6>*2,0*<PX( I) 28 I
|*PX(5)*PX(8)*PX<|2)*2,0*PX(9))))*2,0*(PX(|4) 282
2*2,0*(PX<|5)*2,Q*(PX(|6)*PX(20)*PX(2|)*PX<22) 283
3*2,0'PX<17)))) 284
ANN a ANN/Af<AS( I> 285
SC a SC*AMAS( I) 286

90 RETURN 287
END 288
SUBROUTINE FREQ<Q.GD|,GD2,GD3) ||9
DIMENSION C(3),PH< |2),A(12,|2),B(|2,12) 29 1
DIMENSION EV< I?. |2)»AA( 12,|2).DA( 12. I2).V( I2).W< |2).PX(6Q).QL(3) 292
DIMENSION GD|(|2).GD2<|2),GD3(12) 293
DIMENSION AMAS(12) 294
COMMON/2/ANN 295
C0MM0N/3/PI,CPT,PX,U,SC,NSFB,AMAS.DQ 296
C0MMON/4/EV,PH 297
COMMON/7/N 298

299

90 FACaQ.Q 30°
IFCU- 1.0) 10, 1004, 10 301

004 DlOa!,0E-4 302
D20a«|,0E»4 3°3
D3Oa0,0 304
0(I)aQ(|)+C|Q 305
Q(2)sQ(2)*C20 306
0<3)eQ(3)*C30 307
FACsl.O 308

10 CALLELEM(Q.A) 309
DO 12 Ia|,N 310
DO 12 Ja|,N 3||

12 B(I,J)8A(I,J) 312
15 CALL JAC0BI<B,EV,V.N) 313

DO |6 Ia|,N 314
|6 PH( I)aSQRTF(V( D/SC) 3|5
17 OL(IlaO(I> +D0 3I*

OL(2) = 0(2) 3I7,
OL(3) a QC!) 318
CALL ELEM(CL.AA) 319
DO |9 Ia|,N 320
DO |9 Jsl,N 321

|9 DA(J,J)aDA(I,J)sAA(I,J)-A(I,iJ) 322



22

24

29

32

23

33

26

34

37

370

25

40

38

31

CALL GRAD(CA,GDI)
IF(Q( |)-0(2))24.23,24

OL< I) = 0(|)
OL<2> a Q<2 > ♦ DQ
0L<3) a 0(3)

CALL ELEM(GL,AA)
DO 29 Ia|,N
DO 29 J8|,K

DA(J,I)aDA(I,J)aAA(l,J>«A(IiJ)
CALL GRAD(CA,GD2)
IF(Q(2)»0(3))26,25,26
DO 33 Js|,N
GD2(J)bGD|(J)

QL(I ) = 0(1)
0L(21 8 Q(?)

HL(3) » 0(3) ♦ DQ
CALL ELEM(CL.AA)
0( I>aQ(j )«FAC'DIQ
0(2)aQ(2)«FAC«D2Q
n(3)aQ(3)*FAC'D3Q
DO 34 !a|,N
DO 34 JaI,N
DA(J,I)sDA(I.J)aAA(I,J)-A(I,j)
CALL GRAD(CA,GD3)
DO 370 Ja|,N
PH(J)8PH(J)-(GDKJ)#D|Q*GD2CJ)'D2Q+GD3(J)'D3Q)'FAC
RETURN
DO 40 Js|,N

GD3(J)»GD2(J)
RETURN

END

SUBROUTINE ELEM(Q,A)

DIMENSION A(|2,l2),Q(3)iC(|2,3),S(|2,3).PX(60)

DIMENSION AMAS(12)
DIMENSION EV(!2«12), V(12)
C0MM0N/3/PI,CPT,PX,U,SC,NSFB.AMAS,DQ
C0MM0N/4/EV,V
C0MM0N/7/N

GO TO <l»2.3) NSFB

ilMPLE CUBIC (CESIUM CHLORIDE STRUCTURE)

510

5

51

51
51
51

5|
51

|7

DO 51
s(i,i:
C(i,i:

s<2,i;
c(2,i;

S(3,I
c(3,i:

DO 52(

IF <I•

J a I

GO TO

J a I-

XFCI-
Ka3

GO TO
K a I- I
A(I,I)aCPT+2.0*(PX(3)*(I,0»C(2»I))*PX(5)•(2,0-C(2,J)-C(2,K))

10 I a |,3
)aSINF(PI'Q(D)
)8COSF(PI*Q(I)>
)«2,0'S(l.l)*C<l.l)
>a|,0-2.0'S<l,I)'*2
)aS(2.I)*C(I.I)*S(l,I)*C(2«I)
)aC(2.I)*C<I.I)-S(|.I)*S(2.I)
?6 I a |,3
.3)512.511.512

5 |3

l)5|5,5|4,5|5

5|6

323
324

325
326

327
328
329

330
331
332
333

334

335

336

337

338
339

340
34|
342

343

344

345

346

347
348

349

350

351
352

353

354

355

356

357

358

359

360
36 1
362

363
364

365

366

367

368

369

370
371
372
373

374

375

376
377

378
379

380
38|
382
383



32

A ♦2.0'(PX<7)*(2,0»C(2.l>*(C<2.J)>C<2.K>))+PX<9 >•( |.O'C(2.J )
B *C(2,K))))
0A(I*3,I*3)«CPT*2.0'<PX(4)*(|,0-C(2»I>)«PX(6)*(2.0-C<2.J)-C(2.K)>
A *2,0*<PX(8)#(2,0«C(2.I)*(C(2.J>*C(2,K)))*PX(|0)*(l,0*C(2.J>
B *C(2,K))))
0 A(I,I*3)3A(I*3.I)="8,0'(C( |.J>*C( |.K)'(PX( D*C( I. I)*PX< |3)*
A C(3.I>))

A(I,J)aA(J.I)a4,0*PX( M)*S(2.D*S(2.J)
A<1*3,J*3)aA(J*3»1*3)34,o'PX( I2) *S ( 2« P *S ( 2» J )

0 A(I.J*3)BMI*3«J>aA(J»I*3)aA(J*3»I)38.0,(S(|.I)'S<|.J>*(C(|.K>*
A pX(2)*PX< I5)*C(3»K))*PX( |6)*C< |.K)'(S(3'D#S< l«J)*S< |.D*
B S(3iJ>)>

526 CONTINUE
DO 527 I a |,N
DO 527 Ja|,N

527 A(I,J) a A(I,J)'AMAS(p'AMAS(J>
5|8 RETURN

FCC

2 DO 125 I a |,3
CON|spi*Q(I)
S< |,t)aSINF(CONI )
C(I,I)bCOSF(CON|)
S(2,I)a2,0«S(I.I)*C( 1,1)
C(2,I)a|,0«2.0'S(l,l>**2
S(3,I)aS(2.I)*C<l.l)*S<|,I)*C(2.I)
C(3,I>aC(2.I)*C( l»P»S< |,D*S(2.I)
S(4,I)a2,0*S(2.I)*C(2.l)

125 C(4,I)a|,0.2,0*S(2,I),*2
DO |26 I a |,N

I|7 lF(I-3) I12. II I, I12
111 J a |

GO TO I|3

112 J a 1*1
I13 IF(I-I)I 15,|14,I 15
I|4 K03

GO TO I|6
115 K a I - I
1160 A(I.J)aCPT* PX( |)*(2,0-C( |.I)'(C( |.J)*C( |.K)))

| * PX(2)'(|,0-C( |.J)*C( |,K>)» PX(4)'C(2.D
2- PX(5)«(C(2.J)*C(2.K>)* PX(6)'(I,0-e(2.I)*C(I.J)*
3C(|.K))* PX(7)*(2,Q»C( |,P«(C(2,J)*C( |,K)*C(|.J)*
4C(?,K)))* PXCIQ)*(2,Q«C<2»P*<C<2.J>*C(2,K)))
5* PX(I |>'»{ l,0»C(2,J)*C(2iK))
6* PX( I3)'(2,0«C(3,D*(C( l,J)*C( l,K)))
7* PX( I4)*(2,0»C(I,J)*(C<3,J)*C(3,K)))
8* PX(I5)«(2,0-C(3.J)'C(|,K)»C(3,K)*C<|,J))
9* PX( I7>*( I, 0»C(2,P*C(2,J)*C(2»K>)
0 A0 a PX(|9)*(2,0-C(3.I)*(C(2,J)*C(l,K)*C( I.J)*
|C(2,K>))*
2 PX(20)*(2,0-C(2.I),(C(|.J)*C(3.K)*C(3,J)"C(I,K)))
3* PX<2|)*(2,0"C(l.p*(C(3,J)*C(2,K)*C(2,J)*
4C(3,K>))- PX(26)*(C(4,J)*C(4.K))» PX(25)*
5C(4,I)
A(I,!)aA( J,P*A0

0 A(I,J)iA(j,pa PX(3)*S(|.P*S(|,J)* PX(9)
|*C( |.K)*(S(2.P*S( |» J)*S< |, P*S(2»J)>*
2 PX(8)»S( |.p*S( |.j)*C(2iK)* PX( |2)*S(2»P*
3S(2»J)* PX( |6)*(S(3'P'S< |'J)*S( |«p#S(3.J)>*
4 PX(|8*'S(2.P*S<2,J)*C(2»K)*
5 PX<24^fC( |.K)*(S(3.p*S(2.J)*S<2.p*
6S(3.J))* PX(23»*C(2iK)*(S(IiJ)*S(3»J)*S(3»P#
7S( |,J))* PX(22)*C(3»K)*(S( |.P*S(2.J)*S(2.P*
8S(I,J))

384

385

386

387

388

389

390
39 1
392

393
394

395

396

397
398

399

400
401

4Q2
403
4Q4

405
406

407
4Q8

409

410

41 I
412

4|3
4 |4

415

416
4 17

4 18
4|9

420
421

422
423

424
425

426
427

428

429

430
431

432

433

434

435

436

437

438

439

440

44|
442

443
444

445

446

447

448



C

126

I 18

CONT

RETU

INUE

RN

0 I 8 I,

P=SINF(

I)sCOSF(

P = 2,0*S
I)a| ,0-2
I)aS(2,I

!>aC(2.I
T)a2,0«s

P=l,0»2
6 I=|,3

-3)12, II

O 13

33

BCC

3 DO I

S< I,
C( I,

S(2,
C(?,

S(3,

C(3,
S(4,

10 C(4,

DO 2

17 IF CI
11 J8|

GO T
Jai*

IF(I

Ka3

GO T
|5 Kaj.

160 A(I

|C( I,
2PX(9

3-4,0
4C(2,

5-8,0
6PX( |

7-2.0
8(C(4

9*PX(
0 A(J

l'S(2

2S<2.
3C(|.
4'C(3

5'S(3

26 CONT

|8 RETU
END

3

PI'Q
PI'Q

( 1,1
,0'S

)'C(

)'C(

(2.1
,0'S

. 12

(P)
(P)

)'C( |,P
( l,I)*#2
l,P*S( l,P*C(2#P
l,P»S< l,P*S(2,P
)*C(2«P
(2,I)"2

12
13

14

-I) 15, 14, |5

O 16

I

,I)aCPT-
J)'C( |.K
)'C< 1,1)

'(PX(5)'

K))»2,C
'(PX( 16)

7)'C(3.I
'(PX< |4)
.J)*C(4,

22)'(C<4
.J)aA(v,
,P*S(2,

P*S(4,J
K)*PX( 10
.K>)*(S<
,P*S(J,
INUE

RN

8,0*((PX( |)'C< |.P*PX(8)*C(3.P)*
)*PX( I2)'C(2,P*C<2»J)*C(2.K)*
•(C(3.J)'C(l»K)*C<l»J)*C(3.K)))
C(2.P'(C(2.J)*C(2.K))*PX(6)*C(2.J)*
(PX(3)«C(2.P*PX(4)*(C(2.J>*C(2.K)))
•C< I.P*C(3»J)'C(3.K>*
)'(C( |»J)'C(3.K)*C(3,J)*C( |,K)))
•C(4,P*(PX< |5>*2,0*PX(2I)*C(2.I>)*
K))*2,0VPX(20)*C(4»P*(C{2.J)*C(2.K))
.J)*C(2.K)*C(2,J)*C(4,K))))
P=4,0*<PX(7)*2,0*PX(|3)»C(2.K))
J)*4,0*PX(23)*(S(4,P*S(2,J)*

))*8,0*<S( I.P*S( |.J)'(PX<2)»
)*C(3.K)>*<PX(||)*C<|.K)*PX(|9)
3. P'S( I. J)*S( I. P'S<3«J))*PX( 18)
J)*C( |,K))

SUBROUTINE JACOB I<A.BiE.N)

2.I2).E(12)DIMENSION A<|2,|2>,B(
EQUIVALENCE (Y,YA)

TYPE DOUBLE DENOM, YY,
Sao.O
DOl0Ia|,N

10 Sas*ABSF(A(I,P)
TESTaS/N
DO|21a|,N

DOIIJll.N
II 8(I,J)a0,0
12 B(I,I)a|,0

G0T0I5
25 D0l3!a|,N

IJal-l

DO I3JaI,II
P*A(I,J)
!F(ABSF(P)-AMAX)|3,16. 16

|6 YB(A(J»J)-A<I.P)/2,0

DD.YA

449

450
451

452

453

454

455

456

457

458

459

460
461

462
463

464

465

466

467

468

469

470
471
472

473
474

475

476

477

478
479

480
48|
482

483
484

485

486
487

488

489

490
491
492

493

494

495

496
497

498
499

500
501
502
503
504
505
506
907
5Q8
509



77

31

32

17

18
19

20

I

13
15

22

21

23

24

26

Dav"2*P'A(J,P

TF CD) 18,18,77
YSO a Y*SQRTP(D)
IF(YSQ)3l,3l, 17
DD a YA"2 ♦ P'A(J.I)
YYbDSQRT(DC)

DtNOMaY*YY

YSObDABS(DENOM)

SlGNaP'A(I,J)
IF(SIGN)32,17,17
YSOs-YSQ

Xsp/YSQ
GOTOI9

Xap/Y

iiasQRTF( l*X'X)
Csi/IJ
SBX'C

DO20KBI,N
Y8A(K,J )

ZBA(K,J)

A(K,I)bC'Y-S*Z
A(K,J)8S*Y+C*Z
YbB(K,P
ZaB(KiJ)

B(K,P=C'Y-S*Z
8(K,J)=S'Y*C'Z

DO I Kb|,N
YBA(I,K)

78A(J,K>

A(I,K)8C*Y«S*Z
A(J,K)aS*Y*C*Z
CONTINUE

SaO.O
D02IIal.N
Ilal-I

D02|Ja|,II

IF(ABSF(A(I,J))»S)2I.21.22
SaABSF(A(I,J))
CONTINUE
R8S/TEST

AMAXaS/5,0
IF IR- I,0E-«)24,24,25
D026Ib|,N

E(I)bA(I,P

RETURN
END

SUBROUTINE GRAD(A.G)

34

DIMENSION EV(|2» T2><»A(|2.
COMMON/2/ANN

COMMON/4/EV.V
COMMON/7/N

DO|0Ia|,N

YbO.O
DO||Ja|,N

X80.0
DO|2Ka|,N

12 Xax*EV(K.P*A(K. J)

II P(I.J)aX

2)»G<I2)'P(|2«|2)*V(|2)

DOISKil.N

13 Y8Y*P(I,K>*EV(K,P

510

51 I
512

513
5|4

515

516

517

518

519

520

521
522

523
524

525
526

527

528

529

530

531

532

533

534

535
536
537

538

539

540
54|

542

543

544

545

546

547
548

549

550

55|

552

553
554

555

556

557
558

559

560
961
562

563
564

565

566

567

568

569

570
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10 G(J) s Y*ANN/V(P 571
RETURN 572
END 573

SUBROUTINE SWEEP<Q,GDI.GD2.GC3) 574
C 575

C0MM0N/3/PI,CPT,PX,U,SC,NSFB,AMAS,DQ 576
C0MMAN/4/EV,V 577
COMMON/S/LA.CTA.DVA.AHALFjVOLUME.ASQ.NPRINT.XM 578
C0MM(1N/6/KM,KQ,lZ,jZ,KZ 579
C0MMON/7/NNN 580
DIMENSION CTA(7D00).AL<3),V<I2),GDI(I2).GD2(I2),GD3(|2> 58 |
DIMENSION PX(60).Q(3) 582

DIMENSION AMS< 12) 583
DIMENSION EV( I2.T2) 584

C 585

1000 F0RMAT(5X, 7FII.6, 2E|5,5, 16) 586
|002 F0RMAT(26HKV(L),GT,MAX FREQ V(L) s ,£15.6/ IHK) 587

C 588
DO 20 L a |,NNN 589

IF (V(L).GT.XM) |9, 2| 590
|9 PRINT 1002,VCD 59|

GO TO 20 592

21 GRD a SQRTF(GDKL)**2*GD2(L),,*2*GD3<L)**2) 593
DELWsDVA/GGD 594
AL(|)BABSF(GD|(L))/GRD 595
AL(2)aABSF(GD2(L))/GRD 996
AL(3)aABSF(GD3(L))/GRD 597

ALMN8|,D/(AL(|)*AL(2)*AL(3)> 598
IF(AL<l),GE,AL(2>) 522.52| 599

521 APsAL(I) 600
AL(|)bAL(2> 601
AL(2)aAP 602

522 IF(AL(2),GE,AL(3)) 527, 523 603
523 IF(AL(3),GE,AL(l))525,524 604

C 605
924 APbAL<2) 6Q6

AL(2)aAL(3) 6Q7
AL(3)aAP 608

GO TO 527 609
925 AP»AL(3) 610

AL(3)aAL(2) 61|
AL(2)aAL<|) 6)2
AL(l)aAP 613

527 CONTINUE 6|4
W|b(.AL(l>*AL(2)*AL(3))'AHALF 6|5
W2a(AL( |>-AL(2)*ALt3))*AHALF 6|-6
W3a(AL(P*AL(2>-AL(3))*AHALF 6|7
w4a(AL(D*AL(2)*AL(3))*AHALF 6|8

C 6|9
C CONSTANTS NEEDED 620

ULMN a U*ALMN 62 I
CON a 0,9*LLMN 622
WSQ a W|**2 623
AL23 a 4,0*AL(2)*AL<3)*ASQ 624
B3 a CON*W4 625

A3 • B3*W4 626

C3 a ULMN/6,0 627
B42 a ULMN«AHALF*AL(3) 628
A4? a 2,0»B42*AHALF*(AL(l)*AL<2>) 629
A5 a CON*(2,0*AL23 • WSQ) 630
B5 a CON*WI 631
C5 a -C3 632

A6 a ULMN»(AL23 » WSQ) 633



A4|a4,0*U*ASO/AL<I>
SUM a 0,0

36

DO 900 JJJ a |,7
GO TO (75|,752.753,754.755,7*:6,757) JJJ

751 A s A3
B s B3

C 8 C3
WN a »W4

WX b «W3

FMAX a V(D * WN»GRD
NN2 a FMAX/DVA ♦ 1.0

AN? a NN2 • 1
N2 a NN2 * 50

NMIN a N2
BW a (FMAX • AN2'DVA)/GRD
GO TO 770

752 A s A42

B a B42

C a 0,0
MX a -W2

GO TO 770

753 A s A5

B a B5

C b C5

MX a .ABSF(H)
GO TO 770

754 IF(WI) 4754,900.6754
4754 A a A4|

B b 0,0
C b 0,0
WX " »W|

GO TO 770

6754 A a A6
B b 0,0
C a -ULMN/1,0

WX a Ml

00 TO 770

755 A b Ag
B b -85

C a C5

WX s W2
GO TO 770

1

756 A b A42
B a -B42

C a 0,0
WX a W3

GO TO 770

757 A a A3

B b -B3

C a C3

WX a W4

770 FMIN a FMAX
FMAX a VCL) * WX»GRD
N| b N2

NN2 a FMAX/DVA * 1,0
AN? a NN2 - I

634

635

636

637

638
639

640
64|
642

643

644

645
646

647

648

649

650
65|
652

653

654

655

656

657

658

659

660

661
662

663

664

665

666

667

668

669

670
67|
672

673
674

675

676

677

678

679

680

681

682

683

684

685

686

687

688

689

690
69|

692
693

694

695
696

697

698
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N2 s NN2*5P 699

AW a DELW . BW 700
BW s (FMAX « AN2'DVA)/GHD 701
IF(N2.N|) 850,850,780 702

780 NFRST b N| ♦ I 703
NLAST b N2 - | 704
W a WN ♦ Au 705

C 706
DELN a AW*(A ♦ B*(WN*W> * C*<WN**2+WN'W*W'*2 )) 7Q7
CTA(N|) a CELN * CTA(NI) 708
SUM a SUM*DELN 709

C 710
C 711

DO 800 KN » NFRST,NLAST 712
WW a W * DFLW 713
DELN a DELk*(A * B*(W*WW> + C*<W "2*W'WW*WW*'2>) 7|4
CTA(KN) a CELN ♦ CTA(KN) 7|5
SUM a SUM ♦ OELN 7|6

800 w s w * DELW 717
C 718

WW a W * Bl» 719
DELN a BW*(A ♦ B'(W*WW) * C*(W"2*W 'WW*WW **2)) 720
CTA(N2) s CELN * CTA(N2> 721
SUM s SUM * DELN 722
W a WW 723
GO TO 900 724

C 725
850 CW a WX - UN 726

DELN » CW*(A * 8*(WN*WX) ♦ C(WN "2*WN'WX*WX**2>) 727
CTA(N| ) a CELN * CTA(NI) 728
SUM a SUM ♦ DELN 729

900 WN a WX 730
C 731

GO TO (20, 30) NPRINT 732
30 SUM a SUM/L 733

NDEL a N2 « NMIN * I 734
7654 DIFF a VOLLME - SUM 735

PRINT 1000. V(L).GRD,AL(I).AL(2),AL(3),DELW,W|,VOLUME,DIFF,NDEL 736
C THE VOLUME PRINTED HERE IS THE CORRECT VaLUE . DIFFacORRECT-SUMMED 737
C 738

20 CONTINUE 739
RETURN 740
END 741

SUBROUTINE WRITE <ARRAY,ND!M,DELF,NA.NB,NFMT) 742
C 743

DIMENSION ARRAY(NDIM) 744
101 FORMAT(|X,F|0,5,7X,IOFI0.O) 745
102 FORMATCIX,r I0,5,7X,IOEI0.3) 746

C 747
NLINES a (NB-NA*9)/I0 748
N2 a NA-| 749
FlNCRal0*DELF 750
FRO a .FINCR 75|
DO 5 jal,NLINES 752
N|aN2*l 793
N2aNI*9 754
FROaFRQ*F!NCR 755
GO TO (1.2) NFMT 756

% I PRINT 101. FRQ. (ARRAY<K>, K8N|.N2) 797
GO TO 5 758

2 PRINT 102. FRQ. <aRRAY<K>, MN|,N2> 799
y 5 CONTINUE 760

RETURN 7*1
END 762
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SUBROUTINE GNPLOTCG,NDIM,FMAX,DF.PLOTW.PLOTH,TITLE) 763

C 764

DIMENSION G(NDIM),-TJTLE( 10) 765
C 766

c COMPUTE NECESSARY CONVERSION CONSTANTS ETC. 767

NPOINTS b FKAX/DF 768

XFACTOR b FLOTW/FMAX 769

0 YFACTOR TO BE COMPUTED LATER WHEN GMAX HAS BEEN FOUND 770
NFMAX a FMAX 771

DX a DF*XFACTOR 772

YMARK a PLCTH/5,0 773

c 774

c CALIBRATE Y-aXIS IN a^BRITaRY UNITS (PLOT HEIGHT a 5.,j) 775

Y b „ YMARK * |.5 776
DO |0 M a (.6 777

MY a M » | 778

Y a Y * YMARK 779

CALL PLOT (0.0. Y. 3) 780
CALL PLOT (»Q,|, Y, 2) 78|

10 CALL NUMBER (-0,24, Y • 0,07, 0.14, My, q.0» 2HI|) 782
CALL SYMBOL(-|,0.PLOTH»2,5.0.2.23HG<NU) (ARBITRARY UNITS) ,90..23)783

c 784

c DRAW Y-AXIS 785

CALL PLOT (0,0, PLOTH * 1,8, 3) 786

CALL PLOT ( 0,0. 1,5, 2) 787
c 788

c WRITE OUT TITLE 789

c 790
CALL SYMBOL(0,0.0,5,0,14,TITLE,0,0.80) 79|

c 792

IF (NFMAX . 5) I3|, |3I, |32 793
13 1 INT a | 794

GO TO 135 795
132 IF (NFMAX . |9) |33* |33, |34 796

133 INT a 2 797
GO TO 135 798

134 INT a 5 799
135 XMARK a XFACTOR'INT 800

X s -XMARK 801
MARK a -INT 802
MAX a NFMAX * | 803
DO |00 N a I.MAX,INT 8 04
X b X * XMARK 805
MARK a MARK * INT 806
CALL PLOT (X,1,5, 3) 807
CALL PLOT (X, 1,4, 2) 808
IF ( MARK . 9) |4|, |4I, |42 809

141 DWRITE s 0.16 810
GO TO 100 8| I

142 DWRITE a 0. 1 812
100 CALL NUMBER (X » DWRTTE, |.2, 0.14, MARK. Q.0» 2HI2) 8|3

CALL SYMB0L(PL0TW-3,|6,Q,8,0,2.I4HFREQ (j0 CPS) , 0,0»I4) 8|4

CALL SYMBOL (PLOTW » |,8, 0,95, 0,1. 2HI2, 0.0, 2) 815
c DRAW X-AXIS 816

CALL PLOT (PLOTW, |,5» 3) 817

c

CALL PLOT (0.0, i,5» 2) 818

819
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C FIND GMAX AND SCALE ALL G»VALUES WHEN PLOTTING 820
GMAX a 0,0 *2I
DO 200 K a |, NPOINTS 822
IF (GMAX - G(K)) 199, 199, 200 823

199 GMAX a G(K) 824
200 CONTINUE 825

C 826
YFACTOR a PLOTH/GMAX 827
X b -DX/2,0 828
CALL PLOT<0,0. 1.5, 3) 829
DO 300 L a |,NPOINTS 830
X a X * DX 831
Y a G(L)*YFACTOR ♦ 1,5 832

300 CALL PL0T(X.Y,2) 833
C END OF GRAPH CALL 834

CALL PLOT( PLOTW ♦ 5,0* 0,0. »3) 035
RETURN B36
END 837
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