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ABSTR-A.CT

This work presents three FoRTRAN-TT progrâ,ms which ale
applicable to -the field of Large Amplitude vibrationã (LAv) of small
molecules.- Each program existeð already in Hewlett Packàrd Bâsic and a
translation was carried out with modificãtions in each case.

The Jirst_ program 
-produces a matrix which is used. to gener.ate

Generalized Jacobi vectors corresponding to a variet-ty of
orthonormalization procedures.

The second progrå,m 
- 

generates a rnatrix of molecular potential
energy vaiues for various forms of the potential in various cóordinate
systems.

Finally, the third progrâ,m solves the differential equation

[e(x)42/a*2 + n(x)d/dx]/(*) : [v(*) - B]ú(*)

Page iv



ACKNOWLEDGEMENTS

The author wishes to thank Dr. R. Wallace for his supervision ancl
helpful discussions throughout the time of this work.

The author ul_lg y_rshgs to erçress _his appreciation to J. p. Lerov, a
colleague þ Dr. wallacets reseairc\ laboratbry at the úniv.rrlìi 'or
Manitoba, for the patient answering of many questioos.

Page v



fa þanz'zzz

Page vi



Table of Contents

Äbstract 1V

Äcknowledgements

Dedicat ion vi

1ð

4t
1(J

Table of Contents vI1

.,.iList of Figures

Chapter 1. fntroduction

Chapter 2. The 0 Matrix Generator Program

INTRODUCTION . 8

THEORY 0F THE 0RTH0NORJÍArrZÁ,Tr0N (0) MATRTX ... e

Center of l{ass/Relative Basis for the Metric Tensor g

Totally Symrnetric 0rthonormalization 13

Norm Dependent Symmetrization 18

Norm Independent Symmetrization t4

Gram-Schmidt 0rthonormalization .

General Gram-Schnidt Procedure

Page vii



Il[atrix fmplementat ion

Subroutine Gramsc

Subroutine i\linors

Irreducible Symmetric 0rthonormalization

Global 0rthonormalization

0rthonormalization by Partitioning vectors i.to Groups

Equivalent Symmetric

Irreducible Symmetric

0rthonormalization of Particular Vectors

MATRIX PR{)GRÄM

Chapter 3. The Plotting Progran

INTRODUCTIf}N

TRÅNSFOIì,MATION t)F BOND DISTANCES <-> B[]ND DISTANCB BOI\D_

_ÄNGtES

Three Ätom Molecules

Four Á,tom Molecules

Branched

Non-Branched

10

4È7_tl

20

21

22

25

25

28

q1
'f _t

35

36

36

37

ót

40

40

/1 1

Restrictions on Bond Ängles

Calculation of rp for the CHA

Ct) t]RDINATE TRA.NSFI]RIIA.TI t}NS

Introduct ion

Frame

.t/
+Ð

45

49

49

50Basic Rotational Invariant

Page viii



Further Coordinate Transformations for Three Atom

trlolecules 52

52

53

53

Ð4

Polar Coordinates

Johnson Hyperspherical

Standard (Smith) Hyperspherical

Ft}R}Í ()F ZERII_I]RDER HÄMILTONIAN

Three Atom Molecul-es

Basic Rotational

Polar Coordinates

Invariant Coordinates

Four Atom Molecules

Johnson Hyperspherical

Standard Hyperspherical

Coordinates

Coordinates

Invariants (CHÄ Frame)

fnvariants (3GJV Frarne)

55

ÐÐ

56

ðo

ðt

Ðèt

Ðò

59

OI

DI

61

62

63

63

63

64

Basic Rotational

Basic Rotational

F{)RT{ t]F POTENTIALS

MI]TECUTAR POTENTIÄL BNBRGY FT]NCTIONS

Three Atom Molecules

Four A,tom Molecules

DRAI{ SUBROIIIINE

Source of Subprogram

Plotting

APPTICATIONS AND PR(}GRAM USÄGE

Chapter 4. The Numerov Program .66

INTRODUCTION

Page ix

oo



GENERÄL ATG(IRITIIM

Á.TGI]RiTHM 1

ALGI]RITHM 2

FRI)BENIUS SERIBS EXPANSIt]N AT THB BI]UNDS

Introduct ion

of

68

69

nr
fd

frJ

Legendre{ype Equations

ZERI)ING IN t}N THE EIGENVÄLUE

PRI)GRÄM I]RGANIZATI{)N

Chapter 5. Conclusions and Suggestions for Further l{ork . 8l

References

rtppendix Ä. Fortran-77 Source Code for GJVGEN

ltppendix B. Fortran-77 Source Code for l,{Pt0T IL 

Äppendix C. Fortran-77 Source Code for NIllrtR0V 1Bg

Äppendix D. Test and Utility Subroutines 166

76

tt

80

83

86

Page x



list of Figures

Figure 2.1 : 0 matrix for urea (case 1) ....24
Figure 2.2 : 0 matrix for urea (case 2) ....34

Figures 3.1 and 3.2 : Bond distance bond angle coordinates

for the three body and branclied four body .......39
Figure 3.3 : Bond distance bond angle coordinates for tlie
linear four body .......43
Figure 3.4 : Linear four body showing ÞrU used in the der-

ivation of iÞq" ....4J¿ô

Figure 3.5 : GJVrs of four body shor,'ing angle rp (CI{Ä

frame)

Figure 4.1

llator ....
Figure 4.2

Computed eigenvalues for tlie anharmonic osci-

....77

Computed eigenvalues for the liydrogen atonr

radial equation (t=0) .......74

Page xi



Chapter I

Introduction

The study of vibrations in N atom molecules has often been carlied

out in the context of normal [3] and local [t,2] mode moclels. It is useful

to describe some of the features of the norrnal and local rnode rnodels.

The normal mode model has three important characteristics [3]. These are:

a.) The metric tensor elements are assumecl to be constants.

b.) Normal coo.dirrates are orthogonal.

c.) The principal axes of the potential ellipsoid lie parallel to the

nolmal--coor-dinate axes.

The normal mode model breaks down when large amplitude vibr-ations ¿re

considered, due to the violation of (a) and (b).

For both normal and local modes, the zelo order Hamiltonian fol

nuclear motion, Ho, is a sum of independent one dirnensional Hamiltonians

[2]. The normal mode Hamiltonian is written

-^2H3' ({(}) : ! (-{t"lz)c;r= + t l,(?)
ö€i

(1 1)
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and the locai mode zero order Hamiltonian can be written

Hå'({uu}) : ? (-(h2 tz)crrhrz + k,a! * k,,,a! + ...) (1.2)

where (, denotes the ith normal mode coordinate, and a, denotes the itli

local mode coordinate. The part of the Hamiltonian not included in (1.1)

and (1.2) is considered as a perturbation, Ht, coupling the zero-order

solutions, Ú0, and preventing complete separability. The total Hamiltonian

is H : H0 + gt. Local mode models, although being la^rge amplitude

models, suffer from the fact that they do not include, or systematically

consider the bending motion of molecules, and they are not presented in a

form suitable for including rovib interactions. Rovib interactions are

important in relaxation mechanisms for highly excited vibrational states, a

field of application for Large Amplitude Vibration (LAV) theory.

Wallace, in a series of papers [t,+], has treated the metric tensol

elements as variables (Note the difference from the normal mode model.)

and a variety of coordinate systems have been employed for the triatom.

Tliese coordinates are orthogonal for arbitrary amplitude. The form of the

zero order Hamiltonian is analogous to that given in Eqns. 1.1 and 1.2,

that is

Ho:H(x) +H(y) +H(z) (1.3)

The total Hamiltonian is
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H:Ho+V' (1.4)

wirere V' is the non separable part of

potential, V, is given by

the

:_

potential and the total

v:v(x) +v(v) +v(z) +V, l. 1-ÐJ

v(*), v(y), and v(z) are the separable parts of v and are incorporated

into H(x), H(y), and H(z), respectively. These pâ,pers present a methocl

for determining that coordinate system in which the potential is most

separable. Plots of V (with one of the coordinates held constant) â.re

conrpared to plots of V(x) + V(y), V(V) + y(r),, and V(x) + V(z). That

coordinate system for which the plots agree in the largest energy range, is

the system of choice.

In a more recent work by wallace [¡], * more general approach to

nuclear motion was applied. A "family" of orthogonal internal cartesian

coordinates was incorporated into the Hamiltonian framework prescribecl

by Hirschfelder et al [6]. In this framework, the Hamiltonian for relative

motion is obtained by integrating over the Euler angles describing

rotation.

In [5], orthogonal polar coordinates, related to the orthogonar

cartesian coordinates, are used to derive a Hamiltonian, the zero order.

part of which has the form used in [1,4] for triatoms. The polar 'radiall

coordinates are orthogonal to each other and all angular coordinates and

the polar internal angular coordinates are orthogonal to each other but

not to the Euler angles. The Hamiltonian in this case is
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H:Ho*Tr*Tz*V" (1.6)

where V" is the nonsepâ,rable part of the potential. Tr r.epr:esents the

coupling of the rotational and internal motions, T, replesents the mixing

of the rotationai states alone, and Ho is the zero order Hamiltonian (3N-6

one dimensionai operators). If the ground ('S') rotational state of the

rnolecule is being considered, the Hamiltonian reduces to Ho * Tr * v".

Leroy and Wallace have nõw presented a form for the kinetic eneÌgy

operator for relative motion of a group of particles in a genelal

non-inertial reference frame [33]. The form of the Hamiltonians rvhich

lesult from specific frames employed, are analogous to those in Eqn. 1.6.

The frames employed are defined in terms of Generalizecl Jacobi Vector.s

(GJVs) [4,23,33].

It is desirable to have available a variety of procedures which allorv

the deterrnination of GJVs f9r N atom molecules. This has r.ecently been

accomplished [6]. Tlie approach taken is to generate orthonor-malization

matrices, O, which convert from scalar bond distance-angle coor.dinates to

scalar coordinates corresponding to a variety of Jacobi-type or.thonor"mal

coordinates. The generation of these matrices takes into account ânv

symmetries inherent in the molecular hamiltonian.

The orthonormalization matrices, O, are used to transform the Gram

rnatrix, G, of the scaiar bond distance-angie coordinates to the Gr-am

matrix, G', of the scalar coordinates corresponding to a variety of GJ\¡s

âS

OGOt : G'
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once these coordinates have been obtained, further _ coordinate

tlansformations to polar or hyperspherical coordinates can be perfor.med.

As indicated earlier, the coordinate set of choice is that in rvhich the

potential is most separable. Once a particular coordinate system is decidecl

upon, the separable potentials, Vi, are determined at a given nurnbel of

grid points for a suitable range of each coordinate. Curve fits of this

separ-able potential, Vi, are then calculated. Solution of the zero or"cler-

Hamiltonian is carried out nurnerical[y to deterrnine the Ero's ancl ry',o's.

The r/io's a"r'e used as a basis for a matrix representation of v" and r,
(see Eqn. 1.6). The entire procedure is given in the following flow chart.
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Calculate 0 Matrix

¡i aluate Separabilr
T- \/^ -.i ^,, -

\If

Coordina ;e Svstemr

Ntl

Separab litv ?

YES

Uvaluate SeparabLe
Potentials, V,, at

Grid Points

Ubtarn Uurve t'rts Ví
for Separable r'

Potent ials

Numerrcally Solve 'I', + V,

to 0btain Ei, ,li

Use ø'i as a Basrs to Solve

Entire Coupled Eisenoroblem

This work is concerned with providing FoRTRAN-zz code for- three

parts of the above procedure.

The first prograln, discussed in chapter' 1, allows trie user. to

obtain O matrices by a variety of methods for rnolecules rvith two to

Page 6



fourteen atoms. Parts of the molecule having symmetry can be treated

separately fi-om the rest of the molecule, with a global transformation

produced by the end of the program. In Chapter 2, a pÌoglam fol

obtaining contour plots of molecular potential energy functions for'

molecules is discussed. This program can handle three and foui- âtom

molecules, and allows the user to obtain plots of the total potential, ol

of the separable or non-separable parts. Chapter 3 is concerned with the

numerical solution of one dimensioñaI zero order Hamiltonians, which

mây or may not contain a first derivative term. More pÌecisely, the

solution of differential equations of the form

[A(x)d2ldx2 + B(x)a ldx]þ(x) : [v(x)-E]ú(*) (1 s)

by the re-normalized Numerov method with extensions [26j is

consideled. Finally, concluding comments and suggestions fol fultliel

work are presented in Chapter 5. The source code for each pr-ogram is

presented in Appendices A to C. Some test programs are given in

Appendix D.

Each of the afore mentioned programs was written in Micro-soft's

FORTRAN-77 for an IBM AT personal computer. Batch files have been

written to allow the user to start execution of each progrâ,m with a

minimum of effort.
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Chapter 2

The O Matrix Generator Program

2.1. INTRODUCTION

This chapter presents the general background behind the program

GJVGEN and gives some examples of results which cân be obtainecl

thr-ough use of the program.

In what follows, it is understood that the O matrix, or. O, refels to

transformation matrices which orthonormalize tlie relative basis of the

contravariant metric tensor. These matrices a,re genelated for the

conversion of scalar bond distance-angle coordinates to scalar coordinates

corresponding to a variety of Jacobi-type orthonormal cooldinates [6].

Most of tlre theory behind the program GJVGEN is taken from leference

2.
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2.2. THEORY OF THE ORTITONORMALIZATTON (O) MATRTX

2.2.L- Center of Mass/Relative Basis For The Metric Tensor

The vector describing the configuration of an N atom molecule is

written as

X: Ði *t"ui*

The orthogonal but not normal base vectors of the

\o: e, I d, .

ei ale the orthogonal covar-iant base

threedimensional-space base vectors.

orthonormal base vectors e,r:

configuration space are

(2.2)

_vectors, and d, are tire rphysical'

The e, can be written in terms of

(2.3)

(2.r)

() L\

This impiies that

"i 
: 

^iIl2"'i

(ei,ei) : *i

Tlre starting point in GJVGEN is the covariant metric tensor. Tiiis

tensor has bloclç diagonal form since its basis is e, [6]. For. a molecule
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with N atoms, the covariant metric tensor, g, is

ç=Ò

*1 0 0 0...
0*200
0 0 *g 0...
0 0 0 *4 0 ...

tl\ 0 0 0...
0 Llnr 0 0

0 0 tln,. 0...
000tlnn

0

0

0

0

. (2. 5)

*N

The N masses of the molecule are read into the correspondiug

matrix M in GJVGEN along the main diagonal.

The bases of the contravaliant metric tensor is denoted Uv ã. tne

contravariant metric tensor. ã.ãt. ir -

P=o

0

0

0

0

(2.6)

1/m,O

The contravariant basis is orthogonal but not normalized.
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The metric tensor, t, is no\ry

mass/relative representation. The new

which are differences between the ã..l'

The difference vectors âre defined as

transformed into its

basis, e', is rnade up

and one centel of mass

cent-er of

of vectols

vector [6].

õt
K

The center of mass vector is constructed from the usual way [S]:

(2.s)

Ðimi) The matlix which

-€.+e.IJ
(e 7\

the ã. in
I

€¡". : 1/MX.murvl l iei

mass of the molecule. (M

is Z. The form of Z is [6j

where M is the total

transforms e into e'

rI
L

(i)

1 n

(i)

(k) (2.e)

m¡/M ... m¡/ilf

Operating on the basis e with Z gives bhe new basis,

CM

;.Ze:

Page 11
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The new metric

following for g':

Þ1

a21.

tll-r¡ r
0

zi-"tzt :
ZgZt : g'

tensor, g', is ;, .;,t. From Eqn. 2.10, one obtains the

012

r'2

oln-r 
¡z

0

ot (ry-t)
oz 

çu-r¡

&ru-t

0

, (2.13)

)

, and

tqtt-r¡:

0

(2.11)

(2.12)

arJ

uzJ

0

0

î'=ö

0

1/M

where ¡r. - (*, * m6)/mum6r and m" and mb are the masses of the

atoms connected by e'i. *ij: +t/m, if the base-vectors of !,, ã,, ,nd

€';, 'slìare'a common atom or d,. : 0 if they do not. The center of massJ'U
base vector is orthogonal to the relative base vectors. The lemainder of

the program is concerned with the orthonormalization of the subspace

describing relative motion.

The procedure outlined above is carried out for each molecule r-un

on GJVGEN, with the user inputing the mâsses and topology of trre

molecule.

The base vectors ,ã', .un be orthonormalized in a global sense, or

they can be partitioned into groups in or.der that a

rpre-orthonormalization' cân be performed on each glonp. As well,

particular vectors of these groups can be orthonormalized. The methocls
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available for orthonormalization are i) Totally Symmetric, ii)

Gram-Schmidt, and iii) Irreducible Symmetlic.

2.2.2. Totally Symmetric Orthonormalization

2.2.2.L. Norm Dependent Symmetrization

g' is the contravariant metric tensor of the lelative subspace with

basis ã'. !'is written as;';'t. Since any matlix that can be written in

this way is positive definite [11], ã, is positive definite.

The nonorthonormal basis ;' is to be transformed into ilre
orthonormal basis É. fotutty Symmetric or-thonormalization is defined by

O:Ot. (2.14)

Then,sinceE-O;',

F'l't: 1 : o;'E't and i't : ã,tot : ã,to, (2.15)

which leads to

O-1 :ã'P't and O-1 : l';'t (2.16)

Tlris means that E';'t : á'É't. o is determined fLom [r]
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o : g'-rl2 . (2.r7)

Since g' is positive definite, g'-r is also positive definite and its unique

positive square root exists. It is given bV [S]

O, :rrljm* On . (2.18)

o0 : 0, and on+1 : on + (ã'-1 - ozrltz. (2.19)

O, is a polynomial in the symmetric matrix ,'-', and therefore all On,

including Or, are symmetric. In practice,470 iterations are performed, i.e.

n : 470.

In certain pathological circumstances, Eqns. 2.18 and 2.19 fail to
converge on the square root of g'-1. When this happens, ,,'l' is

caiculated, followed by the inversion.

2.2.2.2- Norm Independent Symmetrization

The nonorthonormal basis ;, is to be transfor-med into the

orthonormal basis É. This is carried out by two consecutive

transformations.

In the first, ã' is transformed into the nor-malizecl basi, i t y ttr.
normalization matrix N:

Nã':p. (2.20)
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In terms of the metric tensor, !', th. first transformation is

wt,Nt : !* (2.21)

-xg has lrs on the main diagonal since the base vectols at'e normalizecl.

Equivalent symmetric orthogonaiization of p is now pelformed as outlined

in section 2.2.2.1. (i.e. O, : Ort). This leads to

- -+ 
;Er Q.22)Ep'-I

This second transformation is identical with that in 2.2.2.I., except

that rt-t/2 is calculated, not ,'-'l'. The final o matrix, ofinul,is

ofinal : orN' (2.23)

2 -2.3. Gra,m-Schmidt Orthonormalization

2.2.3.L - General Gra.m-Scbmidt Procedure

This procedure orthonormalizes the soulce base vectors

(Q'1, ê'2,...,€'k) in stepwise manner [7].

The first vector is simply normalized.

E, - e'" lle'.1r 1,, 1l

.)

Page 15
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vvhere 
_1"'Il 

indicates the magnitude of ã'r.

EZ is constructed from the componen t of e', olthogonal to the

space spanned by É' t
I

E2: Le'z- 1"'2, E1> E1]/l"'2- 1 
"'2, 

trl> Dll . Q.25)

This procedure is continued until there are k orthonormal vectols. In

each case, the vector 4 tr constlucted by computing the component of

e'r, orthogonal to the spa,ce spanned by Ei_1, Ei_2, ...81.

2 -2.3.2 - Matrix Tmplementation

The orthonormal base vectorr, É,, may be written in terms of tlie

non-orthonormal base vectors as [61

É, : 'r-'l'á',
É, -_ 

^z(Dpz)-Llz _

Ek

: 
| "'1."'1 u'I-"'z

| ;'r ;'z
: A¡(D¡- 

LD¿)-L12

(nror¡-rlz ,

: (Dk-rD y)-rlzl á'r.á,, å'r.l.r ã,L.ã.1
:"
Q'l'Q'1, ., ê'.r'Q'1. ., ê't-.Q't_ 

"r .t(-L z K-L l( K-t

;,, ;,, ;, ,-LLI(

Page 16
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DU is the Gram determinant formed from e'1, ...,€'k. The determinant

AU is expanded in terms of the co-factors, cki, of the last rorv. In this

wây, for each Ei, the orthonormalization constants fol the ;'i aïe

obtained from c¡¡(D¡-1D¡)-1/2.

The above procedure is contained in the two subloutines GRAA,ISC

and MINOAS in the program GJVGEN.

2.2.3.2.L. .9ubroutine Grømsc

The matrix SEQNCE is assigned values according to the order of

orthonormalization. For example, if the molecuie has 4 atoms and the

order of global orthonormalization of the thlee nonorthogonal base vectors

is: €'3r ê'2, e'1, then

SEÍINCE =

0

0

T

0

I

0

(2.27)

Tlre metric tensor of the contravariant basis. GRAM. is tlansfolmecl

ISEQNCE]IGRAM][SEQNCE]-1 : GPERM (2.28)

The inverse of SEQNCE is used here. SEQNCB is an orthogonal matr.ix,

'l
ol

0l
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that is, ISEQNCE]-I

following form:

: ISEQNCE]I. The original metric tensor has the

GRÄil =

where e'i are the nonorthogonal source vectors.

(where Eqn. 2.27 has been used)

(2.2s)

The folrn of GPERM is

ø't ç' - ç' ^Þ11 öL2 Þ13

i'r, i'r, i'r,
8'g1 E'JZ 8'g3

GPEITM = (2.30)

In line 41 of GRAMSC, D, is assigned to DETERM(2), tlìe vectol

containing the DO's. Note that due to the tlansformation of GRAM by

SEQNCE, GPERM(I,I) is always the square of the magnitude of the fir.st

base vector to be normalized.

In the DO loop starting at line 42 of GRAMSC, the values of tlie

Dk't are assigned to the vector DETERM. The Dk'r àre found by

calculating the determinant of the K X K sub-matrix of GPERM. K is

the index of the DO loop. Each iime through the loop, the subr.outine

i'r, i'r, i'u,
9'rz T'r, T'rt
8'13 E \Z E'II
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MINORS is called, and the co-factors of the last row of 
^,-

calculated. These values are assigned to tlie first K columns of the

row of O.

In line 62, the normalization constant for the highest priority source

vector is calculated. In the DO loop starting on line 63, tlie final

olthonormalization constants of the lower priority vectors are calculated

and assigned to rows 2 to N-l (there are N atoms in the molecule.) of the

O matrix. In the DO loop starting on line 64, the K olthonolmalization

constants for \ are calculated by multiplying the cofactors of An by
1lrì

(Dk_lDk)-'l ".

The last three lines of GRAMSC rearrânge the rows of O so that

row one corresponds to Ér, row two correspond, to ñr, etc. Tliis is clone

by carrying out the inverse of the transformation that was done on the

metric tensor, GRAM. This transformation is ISEQNCE]-IO¡SnqNCn1.

For the example of a four atom molecule discussed above, O u'ould have

the form

are

Krh

0-

The final form of O after the transformation would be.

0

0

f

0

c

e

a

b

d

(2.31)
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(2.32)

2.2.3.2.2. Subroutine Mi,nors

This subroutine calculates the co-factors of tlie Kth (last) row of

An. In the two DO loops starting on lines 4 and 6, DETMAT is assignecl

the values of GPERM (the metric tensor). The Do loop stalting on line

22 deletes (assigns zero to) the Kth row of DETMAT. The DO loop

starting on line 32 deletes column A (the column containing ã,O). R i,

the index of the outer Do loop and is incremented from 1 to K. At tliis
point, the first K-l rows of DETMAT are identical to aK (see trqn.

2.26). Finally, the position of ;,A is given the value 1.0, since the

co-factor of e'4 is to be calculated. The determinant of DETMAT rvittr

the appropriate columns and rows deleted is then calculated in line 44.

This is the co-factor of ã'O. Th. value of the co-factor is assigned to tlie

Kth row and Ath column of O in line 46. The above algolithrn is then

performed k-l more times to calculate the co-factors of the last lorv of

aL'

0-
d

b

f
0

0
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2.2.4. Irreducible Symmetric Orthonormalization

This transformation is derived from the eigenvalue equaiion [12]

g't : tÂ (2.33)

where T is the matrix whose columns aïe the eigenvector.s, ;i, of ã,

(T : [vrvr...v*l), and 1r is the diagonal matrix with the eigenvalues of

ã' oo the main diagonal. T is an orthogonal matrix [7]. Multiplication by
_1T ^ on the left in Eqn. 2.33 gives

T-1ã'T:Â:rtã,r (2.34)

Clearly T is an orthogonalizing transformation matrix. To nolmalize Â.,

ple and post multiplication by ¡-I12 is calried out.

This gives

N-LlzTtB,TII12 - I . (2.35 )

The final O matrix is therefore L-LlzTt.

Implementation of the above in GJVGEN mereiy requir.es the

calculation of the eigenvalues and eigenvectors of !,, a symmetlic N x N

matrix. 
-Aty 

subroutine which does this is called by the user fi'orn the

subroutine IRRSYM (see Appendix A).
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2.2.5 - Global Orthonormalization

To describe this procedure, it is instructive to work through arì

example. The molecule dichloromethane (CH2C12) is chosen, and the

atoms are numbered as follows: ClH2H3CI4CI'.

The contravariant metric tensor is then

F=ö

r1r20000
01000
00700
0 0 0 1136.0 0

00001/36.0

(2.36)

The metric tensor is now transformed into its center. of

mass/relative representation. For dichloromethane, the new basis is ;' :
.+(ê'1t e'2, e'g, E'4, 

"'CM)' 
where ê'L: e, - €1, u'2: eB - el, ...

"'CM 
: mr/Me._ + mrlM"z * mr/Me, * mn/Men + mr/Mer. M is

the total mass of the molecule (M : -1 * ^2 + ... m5). Ttre matlix

which transforms (ár,,år,ir,án, ãr) ioto ã, i,
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q
L

Operating on the basis (er, e2, ...,e5) with Z gives the new basis,

zá:á,

-L

_I

-1
I

-l_

m. /lt{

l.r

tlnt
tlnt
tlnr
0

1

0

0

0

n2ll,l

0

0

0

1

m- /trf
Ð'

0

0

0

0

1lll.l

(2.37)

(2.38)

00
10
01
00

m,/[f n^ l\lö' +'

The new metric tensor, ã,, t, ;'.;,t. From Eqn. 2.11, one obtains the

foliowing for g'

ZgZt : g'

gt=
Õ

t/nt

l.r

tlnt
tlnt
0

tlnt
tlnt

tlnt
0

7l^t

llnt
tlnt

l.L'

0

(2.3e)

(2.40)

where /¿ : (ml + mr)lmrm, and

of mass base vector is orthogonal to

þ' : (m1 + m4)lmnm, . The center

the relative base vectors. Attention is
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now restricted to the non-orthonormal relative base vectors €,1, ... ,e,4.

GJVGEN allows the user to choose either the totally syrnmetric,

Grarn Schmidt, or Irreducible Symmetric orthonormalization pr:ocedures

(see sections 2.2-2-, 2.2.3., 2.2.4., respectively).

By the nature of the Gram Schmiclt procedure, any symmetry in ã,

will be lost. The totally symmetric or irreducible symmetric plocedules

might be chosen.

For norm dependent symmetrization, the final O rnatrix isi'-tlZ.

o =;'-712 -

.97823 -.02177 -.1244L -.12441

-.02777 .97823 -.12447 -.1.244t

-.1.244L -.724+L 4.2040 -L.7959

-.12447 -.12441 -1.79593 4.2040

(2.41)

The transformation of g' lOg'Ot) giues the matrix 1.

The final orthonormal base vectors are

El : .97823e', -.02177e', -.1244Le', -.I2441e'n

(2.42)
:
E4: -.12441e', -.1244Ie', - 1.79593e', -l 4.20395e'n .

In tliis case, all four orthonormal base vectors are symrnetric uporl

interchange of the two hydrogens, and/or the two chlorines.
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2.2.6- Orthonormalization by Partitioning Vectors hrto Groups

2.2.6.1 - trquivalent Symmetric

The base vectors, ã', of g, t"tt clearly into two groups; A : (ã,,,
I

e'2), and B : (e'g, 
"'4). 

Each of these groups can be orthonormalized

separately. If A and B âre both orthonormalized by the symmetlic

procedure (see section 2-2.2.), the result is

(2.43)

OO and O" are combined into another O matrix (4 x 4) as follows.

0A
[ .e63 -.0371=l'
L-.037 .effi.1

14.r12 -1.846-l=ll
L-1 .846 4.1r2)

0B

foo o, lorotur = 
| |

I o, oBl

(2.44)

Page 25



0, is the 2 x 2 zero matri*. lOTotare,] will give the new basis e,,. The

new metric tensor is given by

-8t t : ;'';''t (2.45)

The transformation is written as

lororrtã']lorot"tã']t : oToturã'ã'to{oru,

oro*u,ã'oåo*", : l'',

where

and A : 0.175 clearly, ;" r and ã' 'z are mutually orthogonal and

normalized as a,re ;'. J and ;,,4. However, ;,, r and ;,'2 are not

orthogonal to ;" J and ;" 4. The symmetric procedure is chosen to

generate four orthonormal vectors, Ér, Ër, Er, aod nn. fn. result is

(2.46)

(2.+7)

lOAA
01ÄA
ÄA10
AA,01

Ðt' =<)

(2.48)
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0/=
1.02525 .02525 -.09492 -.09492

.02525 1.02525 -.09492 -.09492

-.09492 -.09492 7.02525 .02525

-.09492 -.09492 .02525 1.02525

0 . 986 -.014 .-.215 -.21.5

-.014 0.986 -.2r5 -.2r5

() 4A\

Application of O' to g" as O,É,'O't yietds | : EEt. The total

transformation of the basis e' is O'OTotul : O, i.e.

o'oTotul = o = (2.50)

-.0879 -.0879 4.16922 -1 .78878

-.0879 -.0879 -1.78878 4.16922

The final orthonormal base vectors are

E1 : 0.986e't - 0.014e' r - .2!5e' r-.215e' n

(2.51).:

E4 : -.0879e't -.0879e', -1.78878e'3 + 4.16922e'n.

Again, note that the final base vectoÌs are symmetric upon interchange of

the two hydrogen atoms unã7o. the two chlorine atoms.
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2.2.6.2. Irreducible Swnmetric

In tliis case, the group A and B vectols are sepa-r-ately

orthonorm alized, by the irreducibie symmetric procedule.

(2.52)

OO and O, are again combined to give

(2.53)

The transformation of g' by OTot"l,

-+
OTotul8'O'i*ut : 8", (2.54)

l-.zoz .7071oA= 
| |

L-.655 -.6551

oB = 14-213 
4.2131

"ll
L-1 .604 -1 .6041

lor oz I
oTotul = 

| |

L 
o, oul

girres g", where
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Ít t 
=ò

(2.55)

a,nd 7: .350 . The new basis is e,,. Clearly, ã,,, and á"rurc rnutually

orthogonal and normalized as å,re ;,'J and ;" 4. In fact, the only

non-ortlrogonal pair are á", and,;" 4.If the Gram-Schmiclt proceclure is

chosen to generate four orthonormai vectors, ñr, tr2, 83, arid Én, ancl

e''o is the last vector orthonormalized, the new transformation matlix is:

1000
0i0^1
0010
0101

0'=
1000
0100
0010
0 -.3731 0 1.0673

(2.56)

Application of O' to g,, as O,-g,'O,t yields 1 - EEt. The total

transformation of the basis ã, i, O,OTot"l : O, i.e.
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0 = 0'0Totu1

-.707

-.655

0

.245

.707

-. oðÐ

0

.245

0

0

4.213

-7.7r2

0

0

4.2I3

-1..772

(2.57)

Ér:

E,:
+

The final orthonormal base vectors are

-.707e'. i .707e't2

.245;'r +.245;'2 - L.lLz;. J - t.Tn;, 
4.

(2.58)

In this case E, and E, are iinear combinations of only ã,, and ã,r, and

n, ir a lr¡ear combination of only ã,, and ã,n. Thi, is a desirable result,

in that El and E2 represent orthonormalized carbon-hydrogen vectols

with no mixing in of the carbon--chlorine vectors, ana n, represents an

orthonormalized ca¡bon-chlorine vector with no mixing in of the

carbon-hydrogen vectors. Unfortunately, the same obviously can not be

said about En. As weli, it can be seen that E, is anti--symmetric with

respect to inter-change of the two hydrogens, ffid n, ir anti-symrnetric

with respect to inter--change of the two chlorines. EZ ancl i4 are

symmetric with respect to inter--change of the hydrogens and/or the

chlorines. In order to reduce the mixing of the hydrogen and chloline

vectors, four new orthonormal vectors have been delived which do nor

possess the symmetry of the molecule.
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2.2.7. Orthonormalization of Particula¡ Vectors

After the program is finished with each group of vectors, the user is

presented with the option of orthonormalizing âny particular vectors.

These vectors may be from any group of vectors. For example, for'

CHZCIZ, the user may be presented with the metric tensor given by Eqn.

2.55.

It can be seen that vectors two and four â.re ttol mutually

orthogonal. The user inputr f or f; to tne prompts for the vectors to be

orthonormalized. The program then performs a permutation of the vectors.

This is done to ensure that the vectors to be orthonormalized have the

highest priority in the metric tensor. Orthonormalization of the metric

tensor is restricted to the upper left Q dimensional subspace, where Q is

the number of particular vectors to be orthonolmalized.

For the above case, after permutation, the metric tensor. becomes

-*
Ft t 

=Ò

1.0

I

0.0

0.0

1.0

0.0

0.0

0.0

0.0

1.0

0.0

0.0

0.0

0.0

1.0

(2.5e)

orthonormalization

orthonolmalization

- The program prompts the user for the choice of

plocedure for the a vectors. For åny choice of

procedure, the above matrix would become Ir.
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Use of the above part of the program that allows the user to

orthonormalize any set of vectors can lead to interesting results.

To illustrate this, two very similar O matrices for urea are

determined, the second one using the orthonormalization of particular

vectors.

The molecule is numbered as shown (inter atom vectors v; are

indicated.):

fr !su1 
| .. 

v?J

Trtt- öz

'zJ
H2

Ynt----.o-
V-

Ð

H/

1=
I

i,
I
H-

Ð

Y,t
+

For the first case, the vectors are partitioned into three groups. In

terms of the contravariant bases, ã,, group 1 contains 
-",,, 

á', und, á,, ,,

group 2 contains i'4, á'5, arrd ã'u , and group 3 consists only of ã,r.

Groups 1 and 2 âre orthonormalized separately by the irreducible

symmetric procedure, and group 3 is not norrnalized.

The six new normalized vectors and ã', are no\ry orthonolmatized by

the Gram-Schmidt procedure. The order of orthonormalization of the

seven-vectors is 2, 5, I, 4, 3, 6, and 7. The final O matrix is given in Fig.

2.1.

For the second case, the vectors are partitioned into five groups.
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FIGURE 2.1: O MATRIX FOR UREA (CASE 1)

FIGURE 2.2: O MATRIX FOR IIREA (CASE 2)
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-.787

-.707

-.652

.130

.000

-.005

.078

-.191

-.707

-.650

.133

.000

-.006

.078

-. 187 2.617 .000

.707 .000 .000

-.652 -.139 -.006

. 130 -1 .819 -.228

.000 .000 -.707

-.005 .080 -.652

.078 -7 .246 .078

FIG. 2.1

-. 191 2.676 .000

.707 .000 .000

-.650 -.162 -.007

.133 -1.817 -.233

. 000 .000 -.707

-.006 .093 -.650

.078 -1,.246 .079

wG. 2.2

.000 
_-_ 
.000 .000

.000 .000 .000

-.006 .079 .000

-.228 3. 187 .000

.707 .000 .000

-.652 -. 139 .000

.078 -1.246 3.425

.000 .000 .000

.000 .000 .000

-.007 .092 .000

-.233 3. 185 .000

.707 .000 .000

-.650 -.762 .000

.078 -1.246 3.425
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Group 1 contains é'r, and ã'r, group 2 contains ã,r, g.oup B contains

e'n and e'b, group 4 contains €'U, and group 5 contains e,r.

Groups 1 and 3 are orthonormalized separately by tlie totally

symmetric procedure, and the other groups are not orthonormalized. Then,

using the orthonormalization of particular vectors, vectors one, trvo, and

thlee are orthonormalized by the irreducible s¡.'rnmetric procedure. Vectors

four, five, and six are also orthonormalized in the same way. Finaliy, the

six new vectors and ;'T are orthonormalized by the Grarn-Sclunidt

procedure in the same order a,s \rya,s used in câ.se one. The finat O matrix

(Fig. 2.2) is very similar, but not identical to the one calculated in case

one.

2.3. O MATRIX PROGRAM

The preceeding sections have made reference to the progrâm

GJVGEN. This program vvas originally written in Hp Basic by J. p.

Leroy and R. wallace. A translation was made of the original program

into Microsoft Fortran 77 . The program was then expanded to give it the

capability to handle irreducible symmetric orthonolmalization, ancl

paltitioning of a molecule's vectors into groups. As well, the rparticular.

vectorsr feature was added. For more information on how to use

GJVGEN, the reader is referred to the program's manual [9].
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Chapter 3

The Plotting Progr¡.m

3.1. INTRODUCTION

The progrâm NPLOT is designed to allow the user to obtain

contour plots of potential energy functions for thr.ee and atorn

molecules in various coordinate systems. All coordinates of the particular

system are fixed, except for two chosen by the user. The user has the

option of plotting the total, separable or non-separable parts of the

potential. This allows the user to determine that coordinate system in

which the molecule's total potential is most separable. Compiete

separability is, of course, an unattainable ideal.

NPLOT was adapted from a program originally written in H. p.

Basic by R. Wallace. The prograrn vras initially translated into Microsoft

Fortran with a few changes. Later, more changes u/ere made to make the

program easier to use.
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3.2. TRANSFORMATION OF BOND DISTANCES

DISTANCE-BOND ANGLES

The analytical potential functions used (section 6.) are given as

functions of the 3N-{ bond distances, qi, of the N atom molecule. Boncl

vectors are written as di. The first step in the transformation to

generalized Jacobi coordinates is the conversion to bond distance-bond

angle coordinates.

3.2.L. Th¡ee Atom Molecules

The transformation has the form [151

(3.1)
2qtqz

e1 and 42 are shown in Fig. 3.1 . A simple manipulation of 3.1 gives

Q12 = arcos - (03)2(r1)2 * (qz)z

o3: [(oi)z + (qz)2 -2qrqrcosor¡L|z

as the inverse transformation.

(3.2)
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tqi are the bond vectors.
Õr, are the bond angles.
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3.2-2. Four Atom Molecules

There are two distinct types of four atom molecules, branched and

non-branched. Both types can be considered as three different three atom

problems.

3.2.2.L. Branched

The molecule is shown in Fig. 3.2. The three scalar bond distances

and three bond angles needed for the tfansformation to Jacobi coordinates

âre ql, e2, and e3 and tÞ12, Õrr, and Orr, respectively. The angles are

calcuiated analogously to section 3.2.L. by Eqns. 3.3 to 3.5 [7].

_ t-, ,,
Þ12 = ârcosl (01)"

L-
* &z)z - ,l

l
(aa) (3 .3)

(3.4)

(3. 5)

- l-. ,2
Õ13 = arcosl(u1)"

L-

2qtqz

* (qs)2 - ,l

I
(u5)

_ i. ,?:
Õ23 = arcosl (c2)"

L-

2Qta3

* (qs)z - ,l

I
(06)

The other

to 3.8.

zqzQJ

th¡ee bond distances can be recovered by using Eqns. 3.6
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oa : [(41)2

u5 : [(01)2

o6 : [(02)2

3.2.2.2. Non-Branched

The molecule is shown in

are again e1, e2, and qr. The

in Eqns. 3.9 to 3.11.

QIZ = arcos

Õrg ='tr- arcos

+ @z)2 - Zqrqrcosørr1rlz

+ (qs)2 - 2qrqrcosorrll/2

+ (qs)2 - 2qrqrcosorrlrlz

(3.6 )

(3.7)

(3.8)

Fig. 3.3. The three bond distances needed

angles between these bonds a¡e calculated

2

,1

l

(ua)(u1) 2

,1

l
(a6)

*@ù2_ (3.e)

(3. 10)

The expression for iÞrr, the

following way (see Figs. 3.3

Õr, is denoted.

2qtqz

.)
/ \L+ (Q3,)

2qtqg

+ (q5) 2 - {o,r)2 -
2qzqz

angle between d2 and d3, it

and 3.4). Note that in Fig.

arrived at in the
I

3.3 Õr, : 7( -

(u1)2 (05) 2

Qzg =
l-arcos 
I

t'
L

(ua) (3. 11)

d3 ."n be written ur dS - d1, and, from the dot product of

d2, th. following expression for cosÕr, is determined:

d3 and
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FIGT]RE 3.3: BOT{D DTSTANCE BOND.ANGLE MRDINATES FOR TIIE LINEAR FOIJR BODY

+
e, are the bond vectors-
iÞ- _- are the bond algles.

1J

-+g, are the bond vectors-
Õ- - are the bond angles.rJ
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coso2g : (e5coso25 - eicosol2)/u3

Similarly to Eqns. 3.9 to 3.11, cosÕr, is written as

(3.12)

(3.13)

(3. 14)

3.12, yields Eqn. 3.11. The

using Eqns. 3.15 to 3.17.

cosÕr,

2qzqs

Likewise,

cosÕr, (u1)2 * (qz)z -
2qtqz

Substitution of Eqns. 3.13 and 3.14 into Eqn.

other three bond distances can be recovered bv

= | to2l2 * (qs)2 - ol

l

(u6)

l,lal
I

-l II

(ua)

u5:[(u1)2*(qt)2

o6:[(05)2+(q+)2

aa:[(u1)2+(qz)2

- z(qr) (q¡)cos( r-Õ, 
s)lL 

I z

- (01)2 - z(qz)(qs)cosorr11/2

- z(qrXqz)cosorr11/2

(3.15)

(3.16)

(3.17)
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3-2-2.3- Restrictions On Bond Angles

Each time that the set Õ12, Orr, and Õr, is calculated, inequalities

3.18 to 3.21 must be checked [13] to ensure that the values of the bond

distances and angles correspond to an actual physical configuration of the

molecule. As weli, the same conditions must be met by the Basic

Rotational Invariant (BRI) [23] angles (see section 3.3.1.). The filst

condition (Eqtr. 3.18) ensures that the sum of the angles is less than or'

equal to 2r, and the last three conditions (Eqns. 3.19 to 3.21) ensure that

the sum of any two angles is greater than or equal to the third.

Qtz * Õtg

Õrz + Õzg

Õiz + Õrs

Õrg * Õzg

* err!2r
ì Õrg

) Õzg

I Õrz

(3.18)

(3.1e)

(3.20)

(3.21)

3.2.2.4. Calculation Of g For the CHA Fra.me [16]

Due to coupling terms in the Hamiltonian of four atom molecules in

the Curtiss Hirschfelder and Adler frame of reference ten, the angle tp is

used instead of @rr. This is due to the fact th¿t it is mole reasonable to

assume that the tp dependence of the potential can be partitioned into the

nonseparå,ble potential, than can the O* dependence. The phi part of the

Hamiltonian is then integrated out.

The three Generalized Jacobi Vectors are drawn in Fig. 3.5. In what

Page 45



FIGURE 3-5: c.W'S OF FO{IR BODY SIÐWfNG AI{clE e (Cflrt FRlttdE)

d. .r" the GJV's.

O' are the angLes between the vectors.
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follows, Qi denotes the magnitude of the Jacobi Vector Qi. The dot

product o1 8Z and Q, yields

.Qr,Qrt : Q2Q3coroz3. (3.22)

Qn and Q" are written in terms of their components as-¿ -J

Qz: dr** dr" (3.23)

(3.24)

The dot product

and 3.24)

8s : Qsrry a ds, .

of Eqn. 3.22 can now be written as (using Eqns. 3.23

.Qr,Qrt : Q2*Q3*ycos(p + QzrQz, . (3.25)

From Fig. 3.5 it can be seen that

Q2*: Q2cos(trl2 - Orz)

QU*r:Q3cos(r/2-O1B)

Q2": Qrsinþrlz - Orz)

and QJ, : Qrsin(r/2 - Org) .

(3.26)

(3.27)

(3.2s)

(3.2e)

Substitution of Eqns. 3.25 to 3.29 into Eqn. 3.22 gives

cosOr, : sinOrrsinOrrcosrp * cosOrrcosOl3 , (3.30)
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which, upon solving for cos<p, gives

cosrp : (cosOrr- cosOlzcosO13)/(sinOrrsinOl3)

O* is recovered from Eqn. 3.30, as

(3.31)

cosOr, : sinOrrsinOrrcostp -| cosOrrcosO* (3.32)

3.3. COORÐINATE TRANSFORMATIONS

3.3.1. Introduction

The O matrices calculated by GJVGEN are used to transform the

GRAM matrix of the bond distance-bond angle coordinates to the GRAM

matrix of the BRI coordinates. This can be done since the contravarianr

base vectors (basis of the Metric tensor) and the physical 'bond' vectors

of the molecule transform in an identicai manner [10]. Once the BRI

coordinates of the molecule are obtained, further transformations can be

performed (see section 3.3.3.).
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3-3-2. Basic Rotational Inva¡iant

As indicated in section 3.3.1., the transformation of the Gram

matrix by the orthonormalizing O matrix gives the Gram matrix of tlie

BRI coordinates. An outline of tire procedure used to obtain the BRI

coordinates follows.

Q1, Q2, ..., Q3N-6 (Scalar Bond Distances)

Matrix from q, r,

inter bond angles.

or 
llr-r¡

oz 
1n-r ¡

9ru-t

G=

I Generate Gram matrix.
J

(Q1 
'Q1> <Q1,Q2> <91,Q¡-1>

ll:'tt' 
(ez,e2) <Q2'Q¡-1>

<Q¡-1 
'Q1> 

<Q¡-1,Q2> <QN-t,QN-1)

(3.35)

G is the Gram matrix of the bond vectors. The transformation of the

Gram matrix is

I

I Form

I

J and

Q¡ 0n.^I L¿

iÞ, - o^L¿ 'Z

',*-rrr oqn-r¡z
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OGOI : G' (3.36)

whele G' is the Gram matrix of the BRI coordinates, and

G' =

<Q1 
' 
81> <Q1 , Q2> <Q1 , Q¡-1>

<Q2, Q1> <82, Q2> .Qz,QN-t,

<Q qx-r¡ 'Qr> <Q 
1i'l-r¡ 'Q2> <Q 

1u-r) , Q qi'l-r) >

(3.37)

Note that any O matrix obtained in GJVGEN (for the appropriate

molecule) can be used here. From G', the magnitude of and angles

between the Jacobi vectors, Q,, can be obtained and stored in matrix

form:

or qu-r;

oz qu-r ¡

a*-t

I

I
q1 on

ozt qz

t(*-t) i 01ru-r¡ z
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This fÌnal matrix contains N(N-1)/2 BRI coordinates. The range of these

coordinates is Q, ) 0, and --oo < O12 . *.

3-3.3- Further Coordinate Transformations for Three Atom Molecules

3.3.3.1. Polar Coordinates

Polar coordinates are defined from the BRI coordinates defined

3.3.2.. The transformation to polar cçordinates (p, a) OiZ) is given

Eqns. 3.38 to 3.40 [23].

tn

in

[Qi2 + Qrzflz
arcos(Qr/p) : arcsin(Qr/p)

ot2 : ot2

Q1 : pcosa, Q2: psina, and

@r2: @tz '

tt- (3.38)

(3.3e)

(3.40)

The ranges of the polar coordinates are p

--co < OtZ a oo . The transformation back to the BRI coordinates is

(3.4i)

(3.42)
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3.3.3.2. Joh-nson Hyperspherical

Tire transformation to Johnson hyperspherical coordinates (p,d,0)

[16] is given by

P : (Qt2 * qr\12 ,

*[qra * Uz 
 * 2Qt2gz2 çz"or2ø"- - Ð]112

(3.43)

_I
þ -- (Ilz)tan (3.44)

(3.45)

(3.46)

(3.47)

(3.48)

The ranges of the hyperspherical coordinates are p > 0, 0 < ó S nl4,

and -rf 4 f 0 < rl4 . The transformation back to the BRI coordinates is

2QrQrsinO,

.Iq,2-q,2 
.l

q = Gl2)tan-11 
"t - 4-l 

,

12Q., QrcosO.,, IL ^ - '- J

Ql : plrlz * sin2/sinzQ¡zfl2 ,

Q2: pU12 - sin2/sinzQ¡z1llz, and

@L2 : sin 1[p2co szþlzQrQr] .

3.3.3.3. Standa¡d (Smith) Hyperspherical

The transformation to standard hypersphelical

[16] is given by

coordinates (p,d,Q)
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,t ,, 112P:(Qf +Qz") ,

6 = (lz)tan

The ranges of the hyperspherical coordinates

-7114 S Q S o¡+ . Tlie transformation back to

2QrQrsino 
I

ffi;;æorr-r;fttl'
and Q=eru)tan-1[+$?r]

-1

(3.4e)

(3.50)

(3.51)

andare

the

p)0.,05öSrl4,
BRI coordinates is

Ql : p]Llz * cos2þcoszþ¡zf 12 
,

Q2: plrlz - cos2þcoszþ¡z1rlz , and

@12 : sin 1[p2sinzól2Qßz] 
.

(3.52)

(3.53)

(3.54)

3.4. FORM OF ZERO-ORDER HAMILTONIAN

The form of the rotational ground state zero order Hamiltonian

affects the form of the separable potentials (see section 3.5.) TIie

zero--order Hamiltonians of the sets of coordinates of section 3.3. ai-e given

in sections 3.4.I. and, 3.4.2. [4,10,19]. Notice that in .u.tr of the coorclinate

systems, the Hamiltonian is of the form of three one dimensional

equations. trach of these equations is numerically soluble by the ploglam
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discussed in chapter 4.

3.4.1. Three Atom Molecules

3.4.1.1. Basic Rotational Inva¡iant Coordinates

In what follows, the equilibrium value of any coordinate is written

u, Qi. For the BRI, ihe Hamiltonian is [tO,t4]

-Ø2lz)14 . ?__g_l * v(Q' lz,6rz) , (3.5b)

LaQt" Qr ôQrl

-ç,? pll{ . ?__!) * vG' Qz,@n) , and (3.56)

lô8r' az aazl

-&2 lz) (gl2*qr-2rl_U'_."otØ rr0 _ 
'1.*'(qi,.Qr2) 

v6.n (orz) , (s.57)

l*r? "aøtz)z ' þ

where vé*o(orr) : ?o(Q1-2 + er-2¡-tu(Q1,e2,o12).
Tf,
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3.4.L -2- Polar Coordinates

The zero-order Hamiltonian is

(3.58)*l# ï+)*Y(p'a'6p)

-n2l a2  cotâa\ ô l*r,2;Fa;;"- ô"1 ;F
Vé.n(") , and (3.59)

where

*l*Y' llÅÍ,+ 
coto,2 ;u,,1.*l*#'l u,.n(orz),

(3.60)

vÁup (o12) = 
þl^k^)v çþ, a,o rr)

3-4-l-3. Johnson Hyperspherical Coordinates

The zero-order Hamiltonian is

vÁ.'(o) : 
#'rrr,a,612), 

and (3.6 1 )

(3.62)
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-n2l a2 . s a'l *
2 LuF' l-Tpl

v(p,Ø,Þ) ,

(3.65)

(ó.ooJ

(3.67)

(3.63)

(3.68)

(3.6e)

+l_"+ * cotlô_. r+l * rlzv;",(ó) , (8.64)
p" Lôó' Aó 4cos'þ) p"

*l?J*rl [#] 
.*b#ÀvÁ.p(Q) ,

where

v6.n(d) : _Ê_uþ,4,Q) , and

n3

vÁ.n (o) = #li#-)v Ø,ø,þ)

3.4.L-4- Standa¡d Hyperspherical Coordinates

The zero-order Hamiltonian is

*2r 2 - ^l-r-lr#. i+^* v(P'Þ'o) )

:?l a2 4cot(4ó\ô.l * r,2lFVo- ,ó) ;F
vé.n(d) ,
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and *l*úft[-t] .*l*Ylv,.n(o) ,

where

3.4-2. Four Atom Molecules

3.4.2.L. Basic Rotational Inva¡iants (CHA Frame) [ta]

The zero-order Hamiltonian of the Curtiss Hirschfelder and Adler'

frame of reference three is

(3.70)

_,vé.'(d) : JJ|'v(p,ó,q) , and (3.71)

h"

-Ø2lz)14 * z 0 * zOr2*2-l * v(Qr,02,03,612,or3), (3.73)

LôQr" Qr âQr l

-03ø14 . ?__p_1* v(0r,Q2,03,Õrz,or3) , (r.74)

lo\í 8r aQrl
L-_-J

vÁ"n(Q) =þl- 4_-lu(r,-r,o). (8.72)
'' l64cot" (4ó) )
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(3.75)

-fr3 tr> (Qr-z*qr-\ f-01..o tØ12Q- -.''2.r.2orrl +

læri ôØtz 
]

ú, rul'..u;\ vá.p(orz)

-r212)(Q1-2*gr-2)f_01 -.oto134_ -*2...2orr-l +

L*tã ôors l

1'rul'.0;2) 
vÁ.p (or¡)

where vé.'(orr) : ?"(Q1-2 + Q2-2¡-1y(Q1,Q2,Q3,o12,o13) ,

h"
and vé.'(orr) : ?r(Q1-2 + er-2¡-tu(Q1,Q2,Q3,orz,or3) .

n

Note that (section 3.2.2.4.) the rp coordinate has been integrated out,

yielding the quantum number m and eigenfunction (2r)-1/2e*p(im,p).

-@2 lz)14 . ?--p) * v(ur ,[2, Q3,612, o13) ,

LâQr' As aQsl

(3.76)

and

(3.77)

3.4.2.2. Basic Rotational Inva¡iants (3GJV Frame) [t0]

The zero-order Hamiltonian of the three Generalized Jacobi Vectors

frame of reference four is
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-0'? tr>14 . z--O-] * v(0r,Q2,s3 ,@rz,ors,ozs) , (s.ze)

lô[f Qr ôQrl
L---J

-ç.? ø14 . LJ-l * v(0r,02,Q3 ,6rz,6re,6zg) , (3.80)

LâQs" as ôag_l

-Ø2lz) (g7-2*qr-2¡ .1'to;'.uã') ué.n (orz) ,

(3.81)

*92{O;2*Cã?lv6.n(ors),

(3. 83)

where vé.p(o12) : ,_#tnr-' + ez-2)-1v(e'Q2,Q3,o12,Õ13,o23) ,

vé.'(orr) : 
þ(41-z 

+ Q3-2¡-1v(Q1,e2,Q3,612,o13,o23) ,

and vé.'(orr) : 
þG2-2 

+ e3-2¡-1v(q1,Q2,Q3,Õr2,Õr3,oz3) .

-rr] p¡ f^zlot----t
LôQt"

*' a l* v(Qr,02,03,@rz,õrg,6zg), (3.78)

Qr aQrl

-&2lz)(Q1-2*gr-2¡

and

-Ø2lz) (Q2-z+qr-z¡ *bz e;2 *qã') uÁun (ozs),

l-Q?-."ot@nl- I
L*rí aon)

f-¿1..o.ors0- l
L*tá aorsj

l-O'-."otøzsl- l
Lrerá aozsl

(3.82)
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3.5. FORM OF POTENTIALS

The factor in front of the various terms of the above Hamiltonians

determines the form of the potential. For example, in the case of the BRI

of the tri-atoms, the separable potential of the third term is

(a12 + ø/lrar-2 + Qz -2)-1v(Q'Qz,orz) (3.s4)

The second term in Eqn. 3.84 ensures that the potential units ar-e

consistent with the units of the potentials of the first two parts of the

Hamiltonian.

3.6. MOLECULAR POTENTIAT ENERGY FUNCTIONS

For an explanation of the construction of the potential functions

employed in NPLOT, the reader is referred to the book MOLECULAR

POTENTIAL ENERGY FUNCTIONS by MURRELL er at [1b].

3.6.1. Three Atom Molecules

Each potential [15,17-19] is made up of three single atom terms,

three diatomic terms, and a triatomic term.
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vRsc : tAvA(t) * ,o"vo"(2) + y^ec (3.sb)

In most cases, the single atom terms ale zero, since the molecule

dissociates to ground state atoms [20].

The diatomic potentials are of the form

v(2) : -De(l + arp + azp2 + urr3¡.(-urr)

vaec:vo(r*?.F,

(3.86)

where â,i are constants, p : R - Re, and D. is the dissociation energy.

The Re's are also constants, not to be confused with the equilibrium bond

distances of the molecule.

The triatomic part of the potential is of the form

II
i:1,3

+txi jsi
C..o.o. + ...)t

U'I'J 'L
(1.-tanh1rprl2)l

T is a range function and equals 1 at

The range function in some cases is

symmetry combinations of the pi [15].

(3.s7)

equilibrium (i.e. p :g¡.

Il(1-tanhTrsil2), where the S, are

3.6.2. Four Atom Molecules

The four atom potentials [tS] are made up

the three atom potentials. In this case, though,

terms and an additional four bodv term:

in an identical manner to

thele are four tliatomic
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VABCD: volr + | ciri * 
? ?,,

c 
iiP p t * "') [,:T.n( 1-taq]r7t pil 2)l'

r- r 
' 

(J.gg)

3.7. DRAW SUBROUTINE

3.7.1. Source of Subprogre.m

The plotting subroutine DRAW was adapted from a subprogram

written by R. Wallace. Wallacers subprogram was derived from code

developed by Dr. J. C. Eilbeck [22].

The first part of the plotting subroutine (lines 2 to 95) outputs the

various titles passed from the subroutine PLOT2, and the second palt of

the plotting subroutine (lines 96 to 930) draws the contour lines of the

potential energy function.

3-7.2. Plotting

The IBM Plotting System was used as a source of graphics

subroutines. For sending output to an output device, DRAW uses the

graphics subroutines of the plotting system. For example, to write 'title'

to an output device, the subroutine PNOTES is called as
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STATUS : PNOTES(1,0.0,97.0,5,rTITLE')

The 1 indicates that the character string will be referenced fi-om the lower

left corner of the view area of the device. The 0.0 and 97.0 are the x and

y coordinates of the string, respectively. The 5 indicates that the string is

5 characters long.

3.8. APPLICATIONS AND PROGRAM USAGtr

The program NPLOT is applicable to three and four atom

molecules. Before running the program, it is necessary to run GJVGEN to

obtain an O matrix for the current molecule. For symmetrical three atom

molecules, there are three different O matrices which can be genelated by

GJVGEN. Each of these O matrices can be used in NPLOT with any one

of the four coordinate systems. The user therefore has the option of

looking at twelve different sets of plots. For unsymmetrical tliree atoms,

there are twenty different sets (fìve O matrices). For four atoms, thele

âre many more options, due to the possibility of partitioning within

GJVGEN.

To use NPLOT, a potential function for the molecule must be

written (or amended from existing ones), compiled and iinked with

NPLOT and particular coordinate subroutines. Each potential subroutine

is given the name MOLPOT., but different file names are used for disk

srorage.
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Each coordinate set is also stored in a, fiIe which is given an

appropriate name. In each coordinate file, there are six different

subroutines named TOJAC, FROMJA, SEPTAR, DIFF, QEQXEQ, and

FNV. In TOJAC, the particular coordinate transformation from the

rotational invariants is carried out. In FROMJA, the opposite

transformation is done. In SEPTAR, the separable potentials for the

coordinate system are calculated. In DIFF, the non-separable potentials

are calculated. QEQXEQ is called by the main program NPLOT, to

calculate the equilibrium values of the target coordinates from the

equilibrium values of the bond distance coordinates. This subroutine is

identical in all but the four body CHA case. In this case, thele is a

further transformation made to calcuiate the angle ç. FNV calculates the

values of the bond distance coordinates from the values of the target

coord,inates. It then calculates the vaiue of the potential.

A small batch file has been written to allow the user to choose a

particular molecular potential and coordinate system. Object codes for the

potential and coordinate subroutines are stored on floppy disks. If the user

wanted to run water and polar coordinates, the following would be typed

in:

D:> RUN HOH POL <RETURN>

The object codes for water and polar coordinates would then be copied

from floppy disk to the virtual disk (D) and linking of all necessary files

would begin. To run the program, the user merely types in NPLOT

(Return>. The program is loaded into memory and execution begins.
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Chapter 4

The Numerov Program

4.1. INTRODUCTION

Equations have been derived 1I0,L4,24]

Hamiltonian for relative or 'vibrational' motion

equations are of the form

[e(x)42/ax2 + n(x)a/dx]/(x) : [v(x) - e]ú(")

for

of

the zeroth order-

N palticles. Tliese

(4.1)

B(x) may be equal to zero. Programs for the numerical solution of Eqn.

4.1 had previously been written in Hewlett Packard Basic by J.P. Leroy

and R. Wallace. These programs were adapted for a Microsoft Foltr-an 77

program developed on an IBM AT/PC. The program is simple to use and

requires only the specification of A(x) and B(x), along with a minimum of

additional input.
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4.2. GENERAL ALGORITHM

The solution of 4.1 has been divided into two distinct algorithms;

one is for the case B(x) * 0, the other for the case B(x) : 0. After B(x)

is specified (see section 4.7), the program automatically chooses the

pertinent algorithm. In each case, a pair of two-term recursion relations

[27] are employed to find a solution to the differential equation, starting

at each bound:

R, : Un/Yn - [ZnlYn]+l
So : TJ nlzî - lY nlznlsrl,

D(E) :l/Srrr+t-Rm

where m is the matching grid point of ihe two solutions.

(4.2)

(4.3)

where Rn, Sn, Un, Yn, and Zn are functions defined in sections 3 and 4.

R, is calculated by forward iteration from the lower bound while S' is

obtained by backward iteration from the upper bound [26].

The error function, D(E), [26] evaluated at the matching glid point,

m, (see section 4.6), is used to judge when the eigenvalue, E, has been

computed to a preset degree of accuracy, where

(4.4)
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4.3. ALGORJTHM 1

This aigorithm is used

a fìrst derivative term, that

The terms R, S, U, Y,

to solve those equations which do not contain

is when B(x) : g.

and Z are then defined as follows [11]:

Ro

sn

uo

Yn 1.0 zn: !'o

To demonstrate the

oscillator has been chosen.

use of the first algorithm, the anhannonic

This oscillator has the following potential

14r1ì

a2Eq"¡ ¡ a"2 : ¡v1*¡ - Blú("). (4.12)

Qo : 1/An[vn-E]

To : 1n27rz¡qo

( l-rn+ 
1 ) ún+ 

1 / [( 1-rn) ún]

( l-rn_t ) ún_l / [( l-rn)'/n]

(2 + lorn)/(l-rn)

(a;5)

(4 6)

(4.7)

(4.8)

(4.e)

(4.10)

V(x):k*2+o3+b*4.

The differential equation is

For small a and b values, the second order eigenvarues of tllis
equation are given as [28]:

Er, : (2n + t) - a2Ao(z) + ueo(l) - u2no(2)
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where

The first four eigenvalues are:

Eo :' 1'0071

E2: 5'087425

A comparison of the

agreement is obtained at

with increasing n. This

energy aproximation has

An(2) : r5l4(n2 * n * 11/30)

Bn(l) : 314(2n2 + 2n +1)

Bn(2) : 1/8(34n3 * 5to2 * 59n + 21). (4.13)

El : 3'03455

E3 : 7'163175

above values with Fig. 4.L shows that good

low values of n, but that the difference incleases

is attributed to the fact that the second orclel

greater error for larger eigenvalues [28].

4.4. ALGORITHM 2

This algorithm is used to solve those equations which contain a first

derivative term, that is, equations for which B(x) I 0.

In this case, the terms R, s, u, y, and z are defined as follow s l2|l

Ro : ,þrr+J rl)o ; Sn : ,þn-rluþL

Qr, : l/An[Vn-E]

Tn : çn2¡n¡qo

uo : 2 + LzTn

Yr, : 1 + 0.5h[Bn/An] ; Zn- 1 - 0.5h[Bn/An]

(4.14)

(4.15)

(4.16)

(4.r7)

(4.18)
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FIGI]RE 4.1: OT,ÍPUTH) EIGEÌWALT]ES FOR TTIE ANHART${IC GCILTÄTOR
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* ******* * * *** ***** ****** ****** ** **** ** *** **********
*** THE ANIIARMONTC OSCILL. EQUATION ***
***************************************************

A(x) : l-.0 B(x) : O.O

V(x) : Xn2 + .ol-X^3 +.ol-x^4

5Ol- POINTS >nfIN : -l-0.0000 )C,ÍAX : I_O.OOOO

PSI ( -1-O. ooo) : 0. 0 PSI ( Lo. oo0) : o. o

EIGENVALUE LIMITS: .0000, B.O0O0

NODES OF

::::Y:ÏÏ35 EIGENVALUES
. ::::::::::::

3. O 7.t768

2.O 5.U-929

t_. o 3. 0361_

. o 1-. oo73

FIG. 4.1
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where ¡ : (b-a)/(N-l), N is the number of points, b is the value of x at

the upper bound, and a is the value of x at the lower bound. An, Bo, and

Vo are the grid-point values of A(x), B(*), and V(x), respectively.

An example of an equation which has a first derivative term is tlie "-

hydrogen atom radial equation [29]. This equation is

l(rl2)dzldr2+ (1/r)d/drlri(r) : [L(L+l) lzr2 - Ll, - e]ú(') (4.1e)

In atomic units, the eigenvalues are given by [29]

En : -Llànz (4.20)

which gives for L : 0:

E2: -.I25 E3 : -{.055555 E4 : {.03125

E5 : {.02 E6 : -0.0138

The eigenvalues calculated by the program are given in Fig. 4.2. The

agreement with the values calculated by Eqn. 4.20 is good, except for EU

which is in error by about ten percent.

Page 72



FIGURE 4-2: @UPUTED EIGENVALUES FOR TIIE IIYI)ROGEI{ ATOd RADfAL EQUATIoN (I.-{)
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******* ** *** * ******* * *** ******************** * ********* THE HYDROGEN ATOM RADIAL EQUATION ******************************************************

A(x) : 0.5 B(x) : L.O/X

v(x) = -L/X+ (s (s+j-) ) / (2x.^2)

3001 POINTS )OÍIN : .OOOO )û"tAX : ZO.OOOO

PSI( .oo0):0.0 psr( 7o.oOO): o.o
EIGENVALUE LTMITS: -.2ooo I -.oo7o

NODES OF

::::Y:ïl::5 ï::Yi_"y::_
5. 0 _.oL24

4.O _.ot_99

3.0 _.o3L2

2.O _.0556

j_. O _. 1250

FTG- 4.2
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4.5. FROBENIUS SERIES EXPANSION AT THE BOUNDS

4.5-L. Introduction

In the case of Legendre type equations, a Frobenius series expansion

at one or both bounds can be used [27].

For any equation

p(x)tþ',(*) + q(x)tþ,(") + r(x)/(x) : 6 (4.21)

which has p(a) : 6, x : a is a regular singular point if trvo conditions

are fulfilled. These are i) Iim (x-a)q(")/p(") exists as x + a and ii) tim
o

(x-a)"r(x)/p(") exists as x { a. The Frobenius solution of Eqn. 4.21 is

7¡¡ : (x-a)t1 rrur{"-u)i)

where Ð,a,(x-a)J converges for all x such that (*-u)
J J'

distance from x: a to the nearest singularity.

The coefficients c and uj are found by substituting rþ and its

derivatives (calculated from Eqn. 4.22) into Eqn. 4.21. Terms of the sarne

degree in x are set equal to 0.

(j : 0,1,2,...) (L"\
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4.5.2. Legendre-Type Equations

The Legendre equation with a potential v(x) can be written in the

form

(t-*z)rþ,,(*) - 2nþ,(x): ¡s271r-*2¡ + v1*¡ - nlú(*) (4.23)

for -1 < x < 1. x : -1 is a regular singular point [32]. If v(x) can be

written as

V(x) : l,A,(x-xo)i (i : L,2,...) (4.24)

where xo is the boundary value of x, then the procedure outlined in the

introduction cân be used. It is found ihat

c:sl2
uo:1

ar:(s2-s-2F,)14(s+t)
and

a, : [s4+ss3+s21n-z )ase+-2A1-1 ) +4( E2 -zn +z A r)] / [sz(s+ r ) (s+ z)] .

(4.25)

Near x - -1, the solution is

,þ(*): (x+t¡s/2 + ar(x+1)sl2 + 1+ ar(x+1¡sl2+z Ø.26)
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R1 : tþ(l+Ðltþ(-i) can be evaluated by calculating ,þ(-L) and /(-1+li)
via Eqn. 4.26. As må,ny values of tþ and R as desired can be calculated by

using Eqn. 4.26. The uppet' bound solution is treated analogously, using

an expansion in ("-t).

When a new trial eigenvalue is calculated by the procedules outlined

in 4.6., it is used to calculate, consecutively, new values for. the

coefficients (Eqn. 4.25), new values for r/(x) (Eqn. 4.26), and new values

for R1, R2, etc. The Frobenius expansion at the bounds diffels fi'om the

other bounda.ry conditions available in that the values of. tþ at and near

the bound depend on the current value of the eigenvalue.

4-6. ZEROING IN ON THE EIGENVALIIE

En is the eigenvalue with a, corresponding eigenfunction that has n

nodes. Two different procedures å,re used to calculate the (i+l)th estimate

of E' from the ith value. The first procedure, which uses Newtonrs

Method [30] is used initially in each case. This method proceeds as

foliows.

Successive aproximations to E' are calculated from

where,

tri+l _tri"n -"n

T1 : lEå - pi-1¡ ; rz

- rlD(Ei )/r2

: ¡n1n]) - D(Ei-l) 
|

and
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D(Eå) :1/s(m) -R(*) (4.27)

The matching grid point, m, is determined as the filst S (in
backwards iteration from the upper bound) element which is less than or'

equal to one. The eigenfunction is at an extremum here. When tu'o

successive values of Ei are within a set amount of each other. itelation

srops.

If the eigenvalue calculated was En*r, a new and smallel initial

estimate is calculated, and iterations a,re resumed. The above plocedure

continues until E' is calculated, or until an eigenvalue is calculated rvith

a node count less than n. Tliis eigenvalue is denoted by El (ELow) [25].

Since the eigenvalues are calculated in descending order (each successively

calculated eigenvalue is smaller than the previous one), En*, is knorvn.

Let Err*, be denoted by E". The next estimate for En, Enew, is then

(El + EH)12. If the node count of this new est_imate is greatel than n,

E" is set equal to En.*. If it is lower, E, is set equal to Err.*. If the

node count is n, then it is not known whether the new estimate is greater-

than or less than the true value. A calculation of the second order erìelgy

correction, (Ecorr..t - Err.*), will give the needed additional information.

If the sign of the correction is positive, let E, : Erre*. If it is negative,

let E" : En.*.

The sign of the second order energy correction is calculatecl as

follows. A simple iteration formula can be worked out for the eigenvalue

[31]:
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Ecorrect - Eo.,u = /(xt)A(xt) [d//dx(xi) - d//dx(xì)]

Ilt údx

Only the sign of Ecorrect - En.* is needed, and Eqn. 4.28 becomes

sign(aE) : sisn{-A(xt)[d//dx("T) - d//dx(x')]],

hdlþl dx : 11 12 - Tn+rl ún+r - lL 12 - Tr,_ilúr,_r

since the integral, il, ir positive and T/(xr) is set equal to positive one.

d//dx(xf) and d//dx(x) indicate the values of the eigenfunctions

derivatives approached from the right (*,S' is used) and left (-,R' is

used). They a¡e calculated from [31]

(4. 28)

(4.2e)

(4.30)

Depending on the algorithm, ún+I and t/rr_, are obtained from Eqns. 4.7

and 4.8 or Eqn. 4.14 with ún : 1.0.

The bisection procedure is used for as many iterations as are needed
:r1

to obtain lpt*t- Bt l < e, where e is a small preset constant. When tliis

occurs, the Newtonrs method is used again, starting with Ei*l as its filst

estimate. This last switch in procedures is done since the Nurnerov

method has been found to give more accurate results than the bisection

method.
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4.7. PROGRAM ORGANIZATION

A subroutine, NUIvIRO% has been wlitten to be called by a user

defined driver. The driver supplied prornpts the user for the input

parameters of NUMROV, whicli is then called. The dliver may also call

an output subroutine which prints the eigenvalues of the equation.

For each pa,rticular equation to be solved, two small subroutines

must be written (or amended from existing ones), cornpilecl, and linkecl

with the rest of the program. The first of these subroutines calculates the

two functions A(x) and B(x) and passes tliem back to the driver. The

second subroutine calculates the potential V(x) and passes it back to the

driver.
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Chapter 5

Conclusions and Suggestions for Further Work

There is now available FORTRAN-77 code which enables the user,

with a minimum of effori, to obtain a variety of matrices which are used

to generate orthonormal G.J.V.'s for molecules witli two io fourteen

atoms.

A second program can be used to obtain contour plots of molecular

potential energy functions for three and four atom molecules in four

different coordinate systems.

A third program can solve the zero order Hamiltonians for various

coordinate systems, once the form of the Hamittonian, and an 'effective'

potential for it are available. This generation of reffectiver potentials is the

main programming stumbling block in the search for zero order

eigenfunctions of the Hamiltonian.

The writing of code which yields the reffective' potential for any

user chosen range of a particular coordinate, is one possible area of future

programming endeavors. This approach differs from that used eallier

(indicated in the flow chart in the introduction). Tlie previous procedule

was t_o obtain a polynomial curve fit to the separable potential calculated

in NPLOT. The problem with this method is that the polynomial culve

fit can break down at the bounds. As well. in NUII4ROV. t'he user is now
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restricted to use the upper and lower bound values for 'x' that were

chosen in the curve fitting routine.

In the new å,ppro ach.,, VCALC code could be written rvhich is sirnilar

to the code which calculates the separable potential in NPLOT. It would

differ from the code in NPLOT., in that any oihel terms in the

Hamiltonian which contributed to the 'effective' potential would be

included. In this way, the user would have mole flexibility to choose the

boundary values of 'x'.
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Appendix A

Fortran-77 Source Code for GJVGEN

$N0Ft0ÄTcÄrrs
$ST0RÄGE: 2
c
C

C

PRÛGRAM GJVGEN
C

C

C

C

TNTEGER*2 MAX20,MAX19, r,N,D, SECTI0,DUIßff
REAL*8 M(14,14) ,I{0RK2 (74,14),GRAM(14 ,r4) ,GREL(13,13) ,CMN0RIÍ ,DET,x sT0R2(13,13),sM()tEC(13,13),SC0MP(13,13),ST0R1(13,13),
x GCMRET(14,14),I{0RK4(L4,14),TCMREL(14,14),T0PIIAT(14,74)
CHARA.CTER M0INAM*zO,METHI)DX1 , GI(]BALXl , SNAMEX20

ltAX20=14
trfAX19=13
cArL r{RTTEL(25)
HRrTE(*,*) 'GrVE THE NIIIIBER 0F AT0MS rN THIS M0LECULE. '
cÄrl I{RrTEr(10)
REÄD(*,*) N

rF ((N .GT. MÄx20) .0R. (N .rT. 2)) THEN
cÄ[L wRrrEr(3)
I{RrTE(*,10)'N.
qqRìtATC iH.rS PR0GRAM CAN' tT HANDLE A, ' ,r2, ' B0Dy PR0BLEM. ')

cÄtt wRrTEr(10)
CÁTT HOID

10

Page 86



Gt)Tt) 5
ENDIF
cAil IiRrTEr(25)
D0 20 I=1.N

HRITEI*.Is) I
15 F0RMAÌ( ' dM rHE MASS 0F AT0M ' ,I2, ' . ' )

HRITEIX . X)

REm 1*,'i'¡'M1I ,I¡
cÄrl I{RrTEr(2)

20 CI)NTINUE
CAtt I{RITEL(25)
wRrTE(* , 

*; f GIÍE TIIE NAME 0F TIIrS M0LECUIE. '
cAil r{RTTEL(10)
READ(*.25) MI)INÄM

25 F0RrlÄi(Aio)
cALr wRrrEL(25)
HRITE(*,*) 'ÄLL 0 il{tTRIX CATCULATI0NS ÄRE D0NE 0N THB CIINTRAVARIAN

XT BASES. I

cÄrr r{RrTEr(10)
IÍRrTE(*,*)'PLEÄSE I{Ä,IT . . .,
CALL HtlLD
D=N
CAtt GRCATC (GRÁ,lTt, M, D , MAX20 , H0RK2 , T0PMAT , TCMREL ,l{0RK4 , GCMREL , GREL ,x CI!IN0Rì[,MAX19)
D=N-1
cÄtt ÄssIGN (sT0R2, GREI,0,MÂX19)

30 cÄtt wRrTEi(25)
I{RrTEl*.35) N-r

35 F(lRlrÂT( ' fO yOU HANT T0 PARTITI0N THE r 
, 12, ' VBCT0R(S) rNT0 cR0UpS

X, tlR TREAT THEM GLI)BATLY ?I )
I{RITE(*,*) '(P/c),
cÄLr WRTTEL(î0)
READ(*,40) METH0D

40 FORilAT(41)
IF ((METH0D.Eq. 'p') .0R. (METHIìD.Eq. 'P')) THBN

cAtt PART(D,MAX19,MAX20,N,M,I{0RK2, SECTI0., GRAM, GREL, ST0R2,x sMt)tEC , sc0Mp , sT0R1 , GCilIREL , V0RK4 , TCMREL , METH0D)
ELSE

IF_((ilIEIH0D,NE. 'c') .AND. (METH0D.NE. 'g')) THBN
CAtt ERRIìRS
G0T0 30

ENDIF
ENDIF

725 G[0BA[=rGl
cAtt sETUp (sf0R1, D, MÀx20, Max19, GREL, M, GRAtrf , TCIIREL, I{0RK2, W0RK4,x GCMREL, I , GI0BAL, DI]MMY)
cÄrl I{RrTEr(3)
I{RITE(*,*) iGÏVB 

rq, NÄME DESCRIBING THE 0RTHON0RJIÄIrZÄTII)N PR0CEDUR
XE(S) CHI)SEN . '
REAIi(*,126\ SNAME

126 F0RMAT(420)
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C

C

C

C

C

IF_((ì{ETH0D .Eq. 'P') .0R. (METH0D.Eq. 'p')) THEN
D=N-1
c,{tt MÄ,T}tut ( sMt) LEC, sT0R1, s c0Mp, D, MAX 1 I )

ELSE

_ _ç{tt ASSIGN (SM(]LEC , ST0R1 , D , MAX19)
ENDIF
0ALL IÍÄTRÄN (ST0R1 , SMI)IEC , D , MAX19)
cAtt M.{TIIIJI (GREL, ST0R2, ST0R1, D, MAX19)
cÄL[ MATMI]L (ST0R1, SM0IEC, GREI, D,MAX19)
cÄLt ÄssrcN (GREL , ST0R1 , n , UÄXté; 

'

CALL INVDET(ST0R1, SM0IEC,D,MAX19,DET,ST0R2)
cÄLt 0mpur (sNfitE ; sM0tEc, uÓ1rum, sroní, [r.{x1Ó, D, sBCTrtl, METH0D, GRÐL)
STt]P
END

SUBROIIIINE PA_RT (D, MAX19, iltÄX20, N, N, H0RI(2, SECTI 0, GRÀM, GRBL, ST0R2,x sM0tEc, sc0Mp , sT0R1 , GCMREL,I{0RK4,TCtr{REI,METH0D)

INTEGER*2 M4X?0,.UÄXlgr C0llliT, C[]UNT3, COUNT4, I, K, L, N, D, BûNDS, SECTI0,X NSEC(9),GNUM,FIR.COUNT2.J
REÄt*8 M (MÄX2'0, 1 ), H0RK2íMAX20, i ) . GRÀtf (MAX20 . 1 ) . GRBL (MAX19 . 1 ) . AC .x sr0R2(MAxie;i) .suol,nc(uÄirg.r) .s10ns(g.g1 .sc0nrPrutxré.ii .

I q10n1(4lxre,r),ccunnl(ulx20;r),tlonr+(uÁx2ó,r;, / '
x TCMREL(Mlxzo, i) ,vsrtln(g) ,NIIM 

'
CHARÄCTER METH0D*1 , SECANS (9) *1 

, G[0BAL*1 , ANS*].
T(]GICÄt FIRST

FIRST=.TRUE.
NUM=0.0
ÄC=1.00-{7
cÄrr HRTTET(25)

I{RITE(*,45) D

F0RMAT(' HtlI{ MANY cR0UpS DU ytluHANT T0 pARTrTr0N THE' .12.' VECT0
xR(s) rNT0 ?')
cÄLr HRTTET(10)
READ(*,*) SECTï(]
IF ((qE!lI0_._GT. (N-1)) .0R. (SECTr0 .rT. 1)) THEN

CÁ[t ERRI)RS
G0T0 42

ENDIF
B0NDS=0

C

c

/1 'l
=L

+Ð

50
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D0 65 I=1.SECTIO
55 CÄn WRTTET(25)

HRITE(*,60) r
60 _qqBr4T_C qtlH MANY VECT0RS ÄRE rN cR0Up ' ,r2,' ?')

cÄrl VRTTEL(10)
REÄD(*,*) NSEC(r)

IF_((rys!_C-(Ð_.GT. N-1) .0R. (NSEC(r) .rT. 1)) THEN
CAtt ERRIIRS
G0T0 55

ENDIF
B0NDS=B0NDS+NSEC (I)
NSEC (I) =NSEC (I) +î

65 CIINTINUE
rF (B0NDS .NE, (N-1)) THEN

cÁrr I{RrTEr(3)
I{RrTE(*,70) 

'B0NDS

70 -___F0RM.AT(' ERRÍ)R ! ! THE T0TAL NIIMBER 0F VECT0RS ("12,') IS rNC0R
XRECT . I )

cÄn r{RrrEr(10)
CALL HtlID
G0T0 50

ENDIF
D0 75 I=1, (N-1)

SC0MP (r,l) ='1 . o
75 CONTINUE

C0UNT=0
D0 94 I=1,SECTI0

77 CArL WRTTET(25)
HRrTE(*,80) r

B0 _. _FÍ]RMAT( '._D0 
yt)U I{ÄNT T0 tlRTH0N0Rì{ÄrrZE THE VECT0R(S) 0F cRt]Up 'x,rz,r ? (Y/N)r)

cALr I{RrTEr(10)
RIAD(*,85) SECANS(r)

85 F0RMAT(A1)
IF_((qEqlNs_(I) .8q..'I'_)__._0&:_(sqc4NS(I) .Eq.'y' ) ) THEN

D0-q1 K=(COUNT+I) , (C0IINT+NSEC(I)-1) '

C0IINTS=K-{0IJNT
D0 90 t=(C_0{Jl_l!+_1) , (COIINT+NSEC(I)-1)

C0UNT4=L-{0UNT
q&q! G!UNT3, C0UNT4) =ST0Rz (K, r)90 CIINTINT]E

91 CI}NTINI]E
D=NSEC(I)-1
CAIL SETUP_ (!T0,R3 rD, MAX20, MAX1 9, GREL, M, CRÄlì{, TCMREL, I{0RK2,x - w0RK4,GCMREI,I,METHI)D,GNII{)- 
D0 _qq_{. (cgtryirr), (C0urlr*ilsEc(r ) -í)

C0UNT3=K-C0UNT
D0 e2 t=(C_01{!_+1) , (C0IINT+NSEC(I)-1)

C0UNT4=L-C0UNT
sc0MP (K, [) =sT0R3 (C0UNT3 , C0UNT4)92 CONTINI]E. 

,

93 CÍ)NTINT]E
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94
95

ELSE
IF_((SECAN$(I) .NE. 'N') .AND. (SECANS(I) .NE. 'n')) THEN

CALL ERRIìRS
G0T0 77

ENDIF
ENDIF
C0IINT=NSEC ( I) -1+C0UNT

CtlNTINUE
D=N-1

cAtt MaTMut(sT0R1,sct)trtp,sT0R2,D,MAX19)
cAtt MATRAN(ST0R3, SC0MP, D,MAX19)

çAtt MÄTMUL (GREI , ST0R1 , ST0R3 , D , MAX19)
cÄrr HRTTET(25)
I{RITE(*,t) 'NEH METRIC TÐNS0R 0F THE ENTIRE I{0LECULE:f
h'RITE(*, *) t -----==================================== |

cÄLL r{RrrEr(2)
D0 97 I=1.N-1

I{&ITE(*,96) (GREL(I, J),J=1,N-l)
96 F0RMAT( | | 

,2ß (F7.3, 1X) )97 CONTINI]E
vRrTE(* , 

*)
IF (FIRST) THEN

cÁrl HRTTET(5)
101 HRITE(*,*) 'D0 

y(luI{ANT T0 0RTIII)N0Rì{ÄLIZE CERTAIN VECTI]RS 7 (ylXN)' \ /

REÂD(*,102) ANS
1,02 F0RMAT(Ä1)

IF ((ÄNS.NE. 'Y') .AND. (ANS.NE. 'y').AND. (ÄNS.NE. 'N')x .ÀlD. (ANS .NE. 'n')) ÌHEN
CAtt ERRIìRS ''
G0T0 10i

ENDIF
G0T0 105

ENDIF
103 I{RTTEI*.*)

_HRITE(*,*) 
''D0 yt}UI{ANT T0 0RTH[]N0RMÄrrZE ÄNy M0RB VECT0RS ? (y/N)

xl
READ(*,104) ÄNS

LO4 FtlRìÍAT(Ä1")
105 IF ((ANS.nq. 'Y') .0R. (ÂNS.Eq. 'vr)) THEN106 CALL MÀTSCA(ST0R1,NUM;ST0R3,D,MÄX19)

D0 108 K=1,N-1
VST0R(K) =s. s

1OB CI)NTINUE
HRrTE(* , 

*)
I{RITE(*, *) ' Ht)ÍI MANIY VECTI)RS Dt) Yt)U I{ÄNT ORTHI]N(}R}IALIZED ? '
Rnln 1* ,'i.¡ 'GN[M

rF ((qNIU_.9!. N-1) .0R. (GNUM .LT. 1)) THEN
CÁIL ERRIIRS
G0T0 106

ENDIF
I{RITE(*, *)
I{RITE(*,*) 'I{HTCH VECT0RS ARE T0 BE [)RTH0N0Rì[A[rZED ? '
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C

c
C

C

D0 1i0 K=1.GNUtrI
109 READ(*,*) FrR

rF ((FrB. .GT. N-1) .0R. (FrR .rT. 1) .0R.
x(vsr0R(FrR) .Eq. 1.0)) rHEN

CALT ERRIìRS
G0T0 109

ENDIF
vsT0R(FIR)=1.0
sT0R1 (K , FIR) =t . 0

110 CONTINTIE

FINISH CÄTCULÄTING THE PERìIIITATIIÌN MÄTRIX. P. AND ST(ìRE IN
STOR1.

D0 112 K=(GNUM+l),N-1
D0 111 J=1,N-1

rF (vsT0R(J) .NE. 1.0) TrrEN
VST0R(J)=t . o
sT0R1 (K, J; =1 . g

G0Tt 112
ENDIF

111 CONTINI]E
T1.2 CONTINUE
C

C

C

CATCTITATE PCPt ÄND STÍ|RN IN GRrt. STI)RX Pt TTt STOR3.

CATCT]TATE S I{ÄTRIX Ff|R SII}--SPACE f|F DIMNSIÍ|N GNI]M X GNI]M.

D=GNIJM

GL0BÄ[='Cl
cÄtt sETIlp (sT0R1, D,MÄX20,ì{AX19, GREL, ilf , GRÄM, TCMREL,I{0RK2,x H0Rk4,GCMREi,r,G[08Ä[,GNIH)-
D0 115 I=1,N-1

D0 114 J=1,N-1

cÄLt MATMUL (ST0R3 
2 
ST0R1' GREL' D'MÄX19)

cÄLt MATRAN (cREt, srORr, Ú,UtXíg)
ç4!! I'l4T u(qTqR1, ST0R3,GREL,D,MÂXle)
CÄLL ASSIGN (STOR3 . GRNI . D . MAX19)
CALL ASSTGN(GREL, st0Rr, n,MlXrg)

c
C

C

rF (r .Eq. J) THEN
GREL (I , I) =1 .0

E[SÐ
GREL(I , J) =0.0

ENDIF
TT4 CONTINI]E
115 CI)NTINUE

cÄtt ASSIGN (GREL, ST0R1,D,MAX19)
D=N-1
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PEru'0Rt INYERSE 0F PERMTIIÄTI0N TRiLNSF0IIIATIûN 0N Tm S MÄTRIX
FtlR TM CNUH X GNIIH DI}MNSII|NAL SI]BSPÁ,CE.

CAtt MÄTMUL (ST0R1, ST0R3, GRBI, D, IrlAXlg)
cÀtt MÄTRAN (GREL, ST0R3, D,MÄXig)
cÄtt MATMUT(ST0R3, ST0R1, GREI,D,MAX19)

cÄrc[lrÄTE T0TAr TRANSF0RilATT0N (S MATRTX) Up T0 TrrIS p(|rNT ÂND
ÂSSIGN Tf| SCÍ|IIP.

cALr HRTTET(10)
CAtt H[)LD
G0T0 50

ENDIF
T1,7 CONTINI]E

ENDIF
C0IINT=NSEC (I) -1+C0IJNT120 CIINTINI]E

cÄrr r{RITET(25)
I{RITE(*,*) ''NEI{ METRTC TENSIIB 0F THE ENTIRE MOLECIILE:r
HRITE (* , 

*) | -==--==================================== |

cÄtt HRrrEr(2)
D0 722I=1.N-1.

ri&rT_E (:,:,\2!) (c.&Er (r, J), J=1, N-1 )1,21, F0RMÁT ( " ,20 (F7. 3 , 1)r) )
T22 CIINTINUE.

C

C

c
C

c
C

C

C

CAtt MATMUT (STûR1, ST0R3, SC0[[P,D,M.ÀX19)
cALt ASSIGN (SC0MP , ST0R1 , D , MAX19)
FIRST= . FAISE.
G0T0 95

EtSE
IF_((4N$,NE, 'N') .AND. (ANS .NE. rnr)) THBN

CÁIT ERRIIRS
G0T0 103

ENDIF
ENDIF
D=N-1
qA!! MÄIU\& (qry&1 , qC0Mp, ST0R2 , D , trrÄxle)
cÄtt MaTRAN (ST0R3, SC(]MP, D,MAX19)

ç41,_!_¡{ATMtit ( GREL, ST0 R1, ST0 R3, D, MAX 1 I )
C0IINT=0
D0 120 I=1.SECTI0

rF_((sEcÂïs.(r_) 4q. 'y) .0R. (sEcANS(r) .Eq. ry')) rr{BN
D0 117 J=(C0IJNT+1), (C(]IINT+NSEC (I)-1)

rF (ÄBS(GREL(J,J)-1.0) .cT. ÄC) THEN
I{RITD(*,*) 'ERR0R ! ! INC0RRECT 0RDERING 0F GR0UPS, 0R

XINCI)RRECT MÄSS ASSIGNMENT I{ITHIN'
HRITE(*,*)'GR0UP(S) .'
cÄLr HRrTËL(2)
I{RITE(*, 116) J,J, I,GREI(J, J)

F0RÌ[AT(r GREL(' ,r2,' ,' ,I2,') IN GRIJUP ' ,r2, ' rS r,Fg.3
x.r.r)

116
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C

C

C

C

C

C

C

cÄLr WRTTEL(3)
HRrTE(*,123) N-1

123 F(}RJrrÁT( ' IF IìRTHI)N(ìR}IÄLIZÀTI0N IS C0MPLETE (I.8. ÄB0VE MATRIX IS I
xr,r2,' .), usE 0F THE GRAM'). VRiTE(*-*) I SCHMIDT t)R T[]T]I,IIY SYMMETRIC I)RTHIìN{ìRMÄLIZÀTII]N PROCED
XURES HILL N()T CHANCE THE [}RTH[]N()RJIÄL VECT[]R(S) . I

I{RITE(*,*) I (THE I)RDER 0F PRI0RITIES IN cRAIiSCHMIDT I{ILL BE IRREL
XEVÄNT. ) '
cÄrr HRÎTEL(2)
VRITE(*,*) TPRESS RETURN T0 C0NTINUE.,
RBAD(*,124) ÄNS

r24 F0RtrAT(41)
RETURN
END

SUBROIIIINE T0p0 t (T0PMAT, TCMREI, tTÍ, D, MÄX20, I{0RK2 )

INTBGER+2 I, J,D.ilfÀX20.K
,REA[*8 T.cry!-l (U4po, i ), u llrÂxzo, I ), ToTMA,s, NUM, tloRK2 (trÍAx2o, 1 ),x T0PMAT(MÀX20,1)

NUil=0.0
CALL MÀTSCA (I{Í]RK2 , NUM, TIìPMAT. D . MAX2O)
cÄtt ÄssIcN (T0PMAÍ , V0RK2 , D , MÁXio)
ç41,t ilATSCA (H0RK2 , ñUM, TCMREI , D , MÁX20)

ç4!1, .ArSqIcN (TCMREL, H0RK2, D, MÁX'O)
T0TMAS=M(1, i)
D0 5 I=2.0

T0TM,{S=ll(I, I) + T0TM,{S
Cf]NTINUE
cÄtt HRTTET(25)
HRITE(*,*) 'THÉ Tt]PtlTt]GY TÍÄTRIX SPECIFIES THE VECT{)R JIìINING tlF TI{

XE PARTICTES IN THE S()URCE'
I{RITE(*,*) ICt)I]RDINÄTE SYSTEM. Ft)R N PÁRTICLES THERB I{Itt BE N_l S

XUCH VECT(]RS. Â VBCTI|R'

*quTP.(iå 'J0rNrNc rI{0 AT0MS r AND J rS DENOTED By R(ij)=R(j)_ R(
Xi). IN RESPONSE Tt] EACHI
HRITE(*,*) 'pR0tr[pT, ENTER 1 IF THE VECTOR rS ÄS INDICATED AND -1 rXF IT HAS THE OPPÛSITEI
I{RrTE(*,*) 'DrRECTr0N. ENTER 0 IF THE AT0MS ÄRE IINCONNECTDD. '

X

7
I

10

1Ð

I{RITEI*. *)
D0 25 Ì=i.'D

D0 20 J=1.D
rF (r .[r. "l) runru

I{RrTE(*,15) I,J
F0RìIAT( " ,11 rt 

-st 
rI2)
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READ (*, *) T0Ptr{.dT(r, J)
cÂtt HRTTET(1)
IF ((T()PMATTI.J) .NE. 1) .AND. (T()PMAT(I.J) .NE. O)'.'AND. (rÙpirÄT(r,"1¡ .run. -r¡) runru

CÄTt ERRORS

20
25

40
50

70
BO

55

G0T0 10
ENDIF

ENDIF
C(]NTINUE

Ct]NTINUE
K=0
D0 50 I=1. lD-1)

D0 40 ¡jî.n /

rF (T0PMÄT(r,J) .NE. 0) THEN
K=K+1
rF (TOPMAT(r,J) .Eq. 1) TrrEN

TCMREL (l{, J) =1
TCMREL (K, I) =-1

EtSE
TCMREI(K,J)=-1
TCMRET (K, r) =1

ENDIF
ENDIF

Ct)NTINUE
Ct]NTINUE

rF (K .rT. D-1) THEN
cÁtt MATSCA (T(]PMAT, NUM, I{0RK2 , D , MAX20)
q4!! IIATSCA (TCMRET , NIjM, H0RK2 , D , MAX20)
cÄrr I{RrTEr(3)
I{RrTE(*,55) 

.D-1

FIIRMAT( ' ERR0R ! ! y(]UMUST SPECIFY AT LEAST
x .')

cÄil VRTTEL(3)
CAtt HflID
GUT0 7

ENDIF
D0 60 J=1.D

_TCMREI (D , J) =M (J , J) /TSTMAS
Ct]NTINTJE

D0 80 f=1.0
D0 70 J=1.D

T0PMAT(I , J) =o
C{)NTINUE

Ct]NTINUE
RETURN
END

, ,r2, ' B0ND VECT0RS
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C

C

C

C

C

C

C

C

C

C

C

c

suBR0urrNE TRANS (I{0RK2 , H0RK4 , GCMREL , GRÁilt , TCMREL , D , NÁ.X20 )

INTEGER*2 I, J,D,ilÄX20
REA[*8 I{0RK2(IIAX20, 1),I{0Rt4(MAX20, 1),GCMREL(MAX20, 1),x GRAM(M4120,1) ;TCTÍREL(MÀx20,1)

cÀtt MÄTRÄN (IÌ[)RK2 , TCMREL , D , MAX20)
cAtt MATMIJT (I{0RK4 , TCMREI , GRÄM, D , MAX20)

ç4!1,_r'_r4Tilftn ( c cunni, H0RK4, Ilo nxá, Ú, uÄxzÓ ¡
RETURN
END

suBR0urINE TRIINC (0, GREI, CMN0nÌ{, GCHREL, t{AX 1 9, MAX20 )

INTEGER*2 D,MAX19,MAX20, I, J
REA[*8 GREL (MAX19 , 1 ) , CMN0Rì{, cCMREt (MÄX20 , 1 )

D=D-1
CMN0RM=1 . 0/SQRT (GCMREL (D+1, D+1) )
D0 20 I=1.0

D0 10 J=1.0
GREL (I ,'.1) =CCUREL (I , J)10 CI]NTIÑUE 

,

20 CI)NTINT]E
RETURN
BND

suBR0IrrrNE GRCATC{ÊMII, 
4r.D,,, 14ë20 , r{0RK2 , T0pt{AT , TCMREL , I{0RK4 , GCMREL ,x GRE[, CI{N0R[I,MÄX19)

C

C

C TIIIS SI]BRÍ|ININE PRI|DUCES TM GRÄil MATRIX Ff)R TM NIIATIVE BÄSDS.
C

INTEGER*2 D. MAX19. MAX2O

.REAL*s GRA!{(!!$?q; 1) ,!!(U4x?0, 1) ,I{0RK2 (MAx20, 1) ,T0PMAT (MAx20, 1) ,I TçU!4! (!!Ä420¡ 1) , I{0RK4 (MAx20 ,7), cerÌrREL (MAii0 , 1) , CriN0mr , 
'

x GREL(MAX19,1)
C

c
CAtt INVDET(GRAM,M,D,MAXzO, DET.I{[)RK2)
cÄtt T0p0t(i0pMÄi,icunnl,u, D,MÁxz0,I{0RK2)

C

C

C

C

C
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C

C

C

C

C

cAtt TRÄNS (t{0RK2 , t{0RK4, GCMREI , GRNI, TCMREL , D , MAX20)
cÄtt TRUNC (D, GRnt, cltN0Rtr[, GCMREI,MÄX19 ,MÀX20)
RETURN
END

SUBRI)IIIINE T0P0t2 (T(IPMA,T, TCMREI,lit, D , iltÄ,X20 , H0RK2 , L, ilETH0D , GNIIM)

INTEGER*2 I, J,D,MAX20,K,C0UNT,L, GNUtr{

REA[*8 TCU&E! (!!4X20., 1 ), M (MAX20, 1 ), T0TlrAS, NUlf , W0Rr(2 ([rAX20, 1 ),x T0PMÄT(M4X20,1)
CHARACTER METHIìD*1

NUM=O.0
cAtt MATSCA (I{()RK2, NUM,T0PMAT,D,MAX20)
cAtL ASSIGN (T0PMÄT, W0RK2 , D, MÁX20)
cALt MATSCA (H0RK2 , NUM, TCMREI , D , iltAx20)
cAtt ASSIGN (TCMREL, H0RK2, D, iltÄX20)
TtlTtrIÄS=M(1,1)
D0 4 I=2.D

TIITMÄS=M(I,I) + T0TMAS
CtlNTINUE
cArr HRTTEL(25)
IF ((METH0D .Eq. 'G') .0R. (METH0D .Eq. 's')) THEN

HRrTE(*,*) 'CURRENT VECToR(S) BEI0NG Tt ÉñTrRE il0[ECULE. I

ENDIF
IF ((METH0D ..8q. 'P') .0R. (METH0D .Eq. 'p')) THEN

I{RITE(",10) [
_ _F0RMAT(' CURRENT VECT0R(S) BBt0Nc T0 cR0Up ' ,T2,' .')
ENDIF
IF (([IETH0D..Eq- lC') .0R. (METH0D.Eq. 'c')) TIIEN

HRITE(",12) GNUtrl

*-,_F0RlfAT(' CIIRRÐNT VECT0R(S) ARE ' ,12, ' PARTTCULÄR 0NES. ' )
ENDIF
cALr HRTTET(5)
C0IINT=0
HRITE(*,15) D,D-1

FORJÍAT( | y(lu HAVE Nt}I{ GENERATED ' ,r2,, ' 0RTH0NÍ]RMAL VECT0RS. yt)U NE
XED Tt) SPECIFY I.12. I VECTI)RSI)
I{RITE(*,*) 'HHICH Wrll nU 0RTIÍ0G0NAL T0 THE ilP0IYSECT{IR' ' VECT0R.

X (THE I IPOLYSECTOR' ' VECTI)RI
HRITE(*,*) 'IS 0BTÄrNED AIITI)MÄTICALIY VrA THE NEI{ T0p0l0cy MÄTRrX

XHHICH IS T(] BE SPE_'
I{RrTE(*,20) D

F0RrrÄT(' crprnt. ) THESE vEcT0RS HrLL SIMpry BE THE DTFFBRENCE 0F p
XAIRS [)F THE ' ,T2,I []RTH[¡_I)
I{RITE(*,*)'N0RJ{AI VBCT0RS'JUST GENERÄTED.'
HRITE(*,*) 'IN RESPI)NSE T(l EACH PROMPT, ENTER 1 IF THE DIFFERÐNCE

XIS HHÄT Yt]U I{ANT. ÂND -1 
I

HRITE(*,*) 'IF THE [)PP[)SITE DIFFERDNCE IS DESIRED. ENTER O IF Yt)U

C

C

Ð

10

72

1Ð
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XD(}NI IT I{ÂNT Tt] GENERI,TE AI
HRITE(*,*) 'NEH VECT0R FR0M THE INDICA,TED DIFFERENCE. '
HRrrE(*, *)
D0 50 I=1.0

D0 45 J=1.0
IF (r .LT. J) THEN
I{RITE(*,*)'-) ->l
HRITE(*.30) J.I
'RITE(*,*)'-)
'RITE(*,30) J,
FORIIAT(' T .I2

HRITE(*,30)
30

cÄtt wRrTEr(1)
rF ((T0PMÄT(r;

.AND. ITI)PI
rF ((T0PMÄT(r;J) .NE. 1)

.AND. ITI)PMÄTII.J):
' ( (T0_pMAT(r,i.L,!8.. 1) .ÄND. (TOPMAT(r,J)

- .-4N!, (T0pMAr(r,J) .NE. -1)) THEN
CALT ERRIìRS

35

G0T0 25
ENDIF
rF-(TOPMAT(r,J) .NE. o) THEN

C0UNT=C0IINT+1
HRrTE(*,35) C0UNT

F0RMAT_( | THE NEH VECTTìR ' ,I2, ' rS N(]H SPECIFTED. ' )cAil HRTTET(2)
ENDIF

ENDIF
C(]NTINUE

Ct)NTINUE
IF (COUNT .rT. D-1) THEN

cÁtt MÄTSCA (T0ptÍAT, NUM , H0RK2 , D , MAX20)
cAil HRTTEL(3)
I{RrTE(*,55) D-1
_qq&r4I_C RR0R ! ! yOuMUST SpECrFy',r2,' VECTOR(S).')
cÀLr HRrTÐr(10)
CAtt HÍìID
Gt]Tt] 5

ENDIF
K=0
D0 65 I=1, (D-1)

D0 60 J=1.D
rF (T0PMAT(r,J) .NE. 0) THEN

K=K+1
rF (T0PMAT(r,J) .Eg. 1) THEN

TCMREL (K, J¡ =1
TCMREL(K, r)=-1

ETSE
TCMRET (K , J) =-1
TCMRET (K, r¡ =1

ENDIF
ENDIF

Ct]NTINUE
C()NTINI]E

D0 70 J=1.D
TCMREL (D , J) =M (J , J) /T0TMÄS

CI]NTINUÈ 
.

D0 80 I=1.0

.NE. o)

+Ð

50

rr

60
65

70
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D0 75 J=1,D
T0PMAT(r,J) =o

CtlNTINUE
Ct)NTINUE

RETURN
END

fd

BO

C

C

C

C

c
$NOFtOÄTCATtS
$ST0RÄGE:2
C

C

SUBR0IITINE SETUP (S , N, MAX20 , MÁX19 , GREI ,II, GRA,tr{, TCMREL , t{0RK2 , t{0RK4 ,X GCMREI,I,T{ETH(ID,GNIJ}I)

INTEGER"2 D, I,N, CH0ICE,MAXlg,llÄX20, GNUI{, J0BN, IZ, IER, K
REAL*8 M (MAX20, 1), GRÄtr{ (MAX20, 1 ), TCMREL (MAX20, 1 ), W0RK2 (MAX20, 1 ),x Nlltr{,HK(9),W0RK4(MÄX20,1),GCMREL(MAX20,1),GREL(MAX19,1),
x NMGREL (9 ,9) , NMIZER(9 ,9) , GRELTN (9 ,9) , S2 (9 , 9) , S ([fAX19 , 1 ) ,x METRTC(45),I{0RK(9,9),GPERM(g,9),DETERìÍ(10),TpERirU(g,9),
x I{qRKS(10,19),CMN0RM,T0PMÄT(10,10),DDT,I{0RKB(9,9),
x DITMÄT(9,9) , SEqNCE(1O,10) , GpERlrU(10, 10)
CHÄRACTER SNAilIE*2O . METH0D* 1

NUM=O.0
cAil HRTTET(25)
IF ((UETII0D :Eq. 'P') .0R. (METHOD .Eq. 'p')) THEN

HRrTE(*,7) I
_ _F0ÌMAT(' 0RTH0N[)RMALTZÂTr0N 0F GR0UP ' ,r2, ' VECT0R(S):')
ENDIF
IF ((METHOD.Eq. 'G') .0R. (METH0D.Eq. 's')) THEN

_ .!&lTE (* , 
*) T 0RTH0N0RMAIIZÄTI0N 0F IÍ0LE¡IILE il S VECT0R(S) :|

ENDIF
IF ((METI|0D.Eq. 'C') .0R. (ImTH0D.Eq. 'c')) THEN

I{RITE(*,8) GNUM

*--_Ft)lÌlAT( ' 0RTHIìNIìRMALIZATI()N 0F ' ,12, I PÄRTICULAR VECT0R(S) , ')
ENDIF
cÄrr HRTTET(3)
HRITE(*, *) Î0Íì.TH0NORMALTZÄTr0N PR0CEDURES AVAILABIE'
UpTTE/* *\ l----- _______r
i,'äiipt-;-J
HRrrE(*,*)' 1. ) T0TAtty SYMMETRTC'
I{RITE(*,*) '2.) cRÄM SCHMIDT'
I{RITE(* , 

*) '3. ) TRREDUCIBTE SYMMETRTC ,

I{RITE(* , 
*)

I{RrrE(*,*) 'cHtltlsE A PR0CEDURE. I

OALL I{RrrÉL(e)
READ(*,*) CH0ICE

C

c

5

n
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rF ((çH!r_cF_._Lr. 1) .ÛR. (CH0rCE .cT. 3)) THEN
CÁ[t ERRIIRS
Gf]Tt] 5

ENDIF
IF (CHOrCE .Eq. 1) THEN

cÁLL Syìfit (NMGRÉI, NtrfrZER, GREtrN, 52, S, I{0RK, GREL, N, ilA,X 19, I{0RI(B )
cALt MATSCA (S2, Nffi , S, N,it{X19)
cÄtt MATSCÁ,(NMIZER, NW, S, N,MÂX19)
CAtt MATSCÁ. (NMGREL ,NW, S , N ,lrlÄX1g)

ENDIF
IF ICHI)ICE.EO. 2) THEN

cÀtt GRAMSc-(crÉnu, s2, DETIÍÄT, sEqNCE, s, N, lfÄx ]. 9, MÄx20, DBTEtu\f ,x GRE ¿I{q&K2 , TpERt{U, I1I0RK3 , I{0RK , GpEmtU, UI)RKB , GRAM ,X I,METHOD,GNUM)
cALt MÄTSCÄ (S2,NW, S,N,MAX19)
D0 20 J=1.D

DETERII (J) =0 . 020 CI|NTINUE
cÂtt MATSCÂ (SEqNCE, NUM, I{0RK2 , N, MÄX20)

ENDIF
rF (cHûrcE .Eq. 3) THEN

cÁtt IRRSYM-(N, I{ETRIC, GREI, I{0RK, S, MÄX1 g, DETERTÍ, MÄX20, I/K, S 2,x I{0RKB)
cÄtt MÄTSCÄ (M, NUM, GRAM, N, MÄX2o)
cAtt MÄTSCÄ(S2,NW, S,N,MAX19)

ENDIF
RETURN
END

c
C

C

C

c

C

C

sIlBR0InrNE psqRT(Ä,8, C,D,E,MAX, N,ERR[)R)

INTEGER*2 I,J,K,MAX,N
REA[*8 NIrr, Á (MÄi, 1) ; B (MAX, 1 ), C (MÂX, 1 ), D (MAX, 1 ), E (MAX, 1 )
Lf]GICÄT ERROÈ

NUM=O.0
cALt MATSCA(Ä, NIIM, B, N,MAX)
D0 15 I=r.470

f;åTtTj¡$(n'r'N'IIA*)
D0 5 K=i.N

rF (ABs(B(J,K)) .CT. 1.0020) THEN
ERR0R=.TRUE.
G0T0 20

ENDIF
Ct)NTINUE

Ct)NTINUE
cAtL MATMUI (C, B, Â,N,M.AX)
cÄtt MÄTSUB (8, D, C, N,MAX)

5
10
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IÐ
20

C

C

C

c
c

NUM=O.5
cÄtt M.aTscA (c, NUM, E, N,MAX)
cÄtt ASSIGN(8, C,N,MAX)
cÁ.Lt MATÄDD (C, Ä, B, N,IfÁX)
cALt ASSTGN (Ä, C, N,MAX)

C(]NTINUE
RETURN

ÐND

suBRtl IITINE N0RM ( D, NMI ZER, GREI, Nti[GRE[, MÄX 1 I )

INTEGER*2 D, I, J,illÄX1g
RnÄ[*8 GREI (MAX19, 1) , NMTZER(MAXIg, 1 ) , NMcREt (MÄX19 , 1)

Dtl 10 I=1.0
_ryillIZER(I, I) =GREL (I, I) ** (-I .0 I 2.0)
C(lNTINT]E

D0 30 I=1.0
D0 20 J=1,D

ryuq&Ellr, J)=GREL(r,J) l(GREr(r, r) *cREr(J,J) 
) 
** (1 . 012 .0)

C(]NTINUE
Ct]NTINI]E

RETURN
END

SIIBROIITINE MTNI]RS (K, DETMÅT, GPERM, S2 ,MAX19,I{0RK, H0RKB)

TNTEGER*2 I, J,Á,,K,MAX19
REÄ[*8 DETMAT(MAX19, 1), GpER]t(]fAX19, 1),52 (MAX19, 1),DBT,x I{0RK(MAXîe,1),H0nKB(MAXî9,1)

D0 50 A=1,K
D0 20 I=1.K

D0 10 J=1,K
_lEluAT (I, J) =GPERM (I, J)
CtlNTINUE

CflNTINUE
D0_30 J=1,K

DETMAT(K, J) =0.0
Ct]NTINUE
D0 40 I=1.K

DETMAT lI . A) =0 . 0
CIINTINI]E 

, ,

DETMAT (K , Á) =1 . 0
cÄtt TNVDET(I{Í}RK, DETMÄT, K,MAX19, DET,I{t)RKB)

C

c

10

20
30

C

C

C

C

C

C

C

2
I

o

10
20
22

30
32

40
42
44
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c
C

C

C

C

C

C

10

46 52(K,A)=DET
5O CONTINUE

RETURN
BND

SIIBRI]UTINE SYMM(NTÍGREI,NMIZER,GRELIN,52,S,H[)RK,GREL,D,MÄX19,I{ORKB)

INTEGER*2 I. J. PRI)CED . D. MAX19
REÀL*8 NMcREt(lnXrg, i) ;NMIZER(MAX1g, 1),GRELIN(MÄX19. 1) .

I p_e(MAI19;1),ÐET,S(MAx1e,î¡,cRni1fiÁxrg,1) ;tloRrqlniís,1),AC,x NIIM, I{0RKB (MAX19 , 1)
L(]GICAT ERRtlR

cÁ,tt I{RrTEt(25)
,liryIIP(1_.*)_'_iì_N0RlÌl INDEPENDENT SYIIIIETRIZÄTI0N (N0nJALIZÄ,TI0N F0L
XLIìI{ED BY SU'Iì{ETRIZÁ,TIt)N) '
I{RrrE(*, *)
HRITE(*, *) '2. ) N(]RM DEPENDENT SyiltltETRIZATr0N '
cÄLL I{RTTET(3)
I{RITE(*, *) |'CH()[}SE Ä S1î,IMETRrZÄTION PR0CEDURE. '
cÄrr I{RTTEL(7)
READ(*,*) PR0CED
rF ((PR0_C_E!_._NE. 1) .AND. (PR0CED .NE. 2)) THBN

CÁIL ERRI]RS
G0T0 10

ENDIF
ERR0R=. FALSE.
NIJM=O.0

ç4tt M4TSCA (H0RK, NIIM, H0RKB , D , MÄX19)
AC=1.00{)7 

'

D0 30 I=L,D
NMTZER(I, r)=1

Ct]NTINI]E
rF (PR0CED .Xq. 1) THEN

cAtt N()RM(D, NMTZER, GREI,NMGREI,MAX19)

__c.{tl INVDET (GREIIN , NMGREI , D , MAX19 , DEÎ, H0RK)
EtSE

^,.ç{t_t 
INVDET (GRELIN , cRE[ , D , MAX19 , DET, H0RK)

ENDIF
rq (4Bs(DET) .rr. Äc) THEN

l{0RK(1,1)=3.0
GRELIN{-I , 1) =4 . 0
G0T0 31

ENDIF

çArLruq&TG.Ly0RK, S, cRE[rN,I{ORKB,tr{Axle, D, ERR0R)
rF (ERROR) THEN

G0T0 31
ENDIF
cÄ,tt MÄTMUL (I{[]RK, 52, S, D,MÄX19)
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31 D0 35 I=1.D
D0 32 J=i.D

rF (ABS(I{0RK(r,J)-GRELTN(r,J)) .GT. AC) THEN
IF (PR0CED .Eq. 2) THEN

cÄtl PSqRT(52,I{()RK,S, GREI,I{[)RKB,t[ÄX19, D, ERR0R)
EtSE

cÄLt PSqRT(S2,I{0RK,S,NMGREI,H0RKB,t[ÄX19, D,BRR[]R)
ENDIF
cAtt INVDET(S, 52, D,MAX19, DET, H0RK)
G0T0 65

ENDIF
CtlNTINUE

Ct)NTINI]E
cÄtt MATMUT (I{0RK, S, NMIZER, D, MAX19)

cALt ASSTGN(S,I{[]RK,D,MAX19)
RETURN
BND

UBRI)InINE GRÄMSC (GPERM, 52 , DETMÄT , SEQNCE , S , D , iltÄXLg , MÁ,X20 ,
DETERM, GREL, IiI0RK2, TPERMU, I{0RK3, I{0RK, GPEANU,
I{0RKB, GRÄli[, í, Untn0n, GNUM)

INTEGER*2 Ä, I,J,K,D,MÄX1g,MAX20,VpRI0R(g),l,GNUM
REA[*8 DET, qppRM(MAXlg, 1 ), 52 (MAX19, 1 ), DETMAT (MÄX19, 1 ), S (MAX19, 1 ),4 TERrr ( 1), cREr (Mlilo ; 1 ) ìwomz (uÁÍ20, 1 ), ipuRìtu(uÁirÒ, 1 ), NUr{;x H0RK3(M4X20,1),H0RK(MÄXig,1),SEqNCE(MAX20,1),
x_ . G-PqRrruLuAI20,1) ,I{0RKB (MAX19, 1) , GRÄM(MAX2O, 1)
CHARACTER METHIID*1

CALL WRITEL(25)
rF ((uÐIq0D'.8q. 'p') .0R. (METH0D .Eq. 'p')) THEN

I{RrTE(*,15) L

_ . Lqry,l{IC_ppqlryp.IIIE__SqqqENcE IN I{HICH THE GROIIP ' ,I2, r VECT0R(S
x) !I r BE 0RTH0N0RMALIZED. ' )
ENDIF
IF ((METH[ìD .80. rGr) .0R. (METH0D .80. tsr)) THEN

HÈiTE(*, *) ' DEFINÉ rnn SEqIIENCE ru üurcî îfin uolncl;Ln ' ' s vDCToR
x(s) I{ltt BE 0RTH0NI]RMALIZED. I

ENDIF
It(gE_TIf0D ..8q._rC') .0R. (METH0D .Eq. 'c')) THEN

I{RITE(*,17) GNUM

_-.. LqRllAI(' !qFI{E TUEjIqqUENCE rN I{HrcH THE vECT0R(s) CORRESP0NDT
xNG T0 THE ' ,I2,' PARTICULAR')

HRITE(*, *) ' VECT0R(S) mtt'BE [)RTH0NÍ]R$A[rZED. I

ENDIF
cÄrr I{RrrEr(2)

C

C

C

S

X
X

C

C

32
35
oÐ

C

C

15

1ry
I'
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20
25

D0 35 f=D,1 ,-1
I{RITE(*,25) r
F0Rì{ÄT( ' HHrCH VECT(]R HÄS 0RTrr(]N0R}rArIZÄTr0N pRI0RrTy

X)
'READ(1,*) VPRT0R(r)

HRITÈ(*, *)
D0 g0 J=(I+1),D

rF^(vpR_r_0Ì.(tl . nq. vpRr0R(J) ) THEN
CÁLL ERRORS

G0T0 20
ENDIF

Ct]NTINUE
rF-((vptr-0&(I) .rr. 1) .0R. (vpRr0R(r) .cT. D)) THEN

CÁIL ERR(]RS-
G0T0 20

ENDIF
Ct)NTINUE

ç4!!_4qFIG3 (GRÄM, GREL, D, MAx20, ilrAX1e)
DETBRjÍ(1)=1.0

| ,I2,t ?'

D0 40 I=1,0
J=VPRI0R(I)
sEqNcE (r ,.1) =r40 CONTINUE

CATT INVDET
CALL ASSICs
CALL MATMI]T
CALI MATMI]L
CÄLt ASSIG3

4L DETEnM(2) röppËidrï,ii

I{0RK2, SEqNCE, D,MAX20,DET,I{0RK3)
TPERI{U, I{0RK2 , D , MAX1g , MAX20)
I{tlRK3. GRAM.H(]RK2. D.MAX2O)I{0RK3, GRÄM,H0RK2, D, MAX20)
GPERMU, SEqNCE, I{0RK3, D, MÂX20)
GPERM, GPERMU, D, MAX1 g, MAX20)

42
52(1,1) = 1.0
D0 60 K=2,D

D0 55 I=1.K
D0 50 J=1.K

_qPqRMG , J) =GPERM(J,I)
CflNTINIIE

Ct]NTINUE
cÄLL INVDET (l{0RK , GPERM, K, MAXI9 , DET, I{[)RKB)
DETBRIÍ (K+1) llnr

^ç{!!.!!LN0RS 
(K, DETMAT, GPERM, 52 , tr{ÄX19 , I{0RK , I{0RKB)

Ct]NTINUE

!? L1, r_):S? (1, 1) /DETERM(2) 
** (1 .0 12.0)

D0 70 K=2.0
D0 65 Ä=1,K

^l?([..Ð=S2 (K,A) / (DETERM(K+1) *DETERM(K) 
) 
** (1 .0 I 2.0)

Ct}NTINT]E
C(]NTINI]E

CA.LL I{ATMUL (H0RKB, TPERMU, S2, D,MAX19)
qÄ1,! 4qqr.ç3 (q2, sEgNCE, D, fuXíg, UIXZO)

çA!!_M4TMIIL (S, I{ORKB, 52, D, MÂX19)
RETURN

ÐU
tt
ÐÐ

60
62
63
o4

ob
70
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C

C

C

lr
C

C

C

C

C

C

C

C

10
20

C

C

10
20

C

C

C

C

C

END

sIiBROIIrrNE MATRAN (NEH , tÍ, RÀNGE, SrZE)

INTEGER*2 I, J, SIZE, RA,NGE

REAL*8 NEH(SIZB, 1),M(SIZE, 1)

D0 20 I=1,R,{NGE
D0 10 J=1,RÁNGE

NEH(I , J) =lrf (J,I)
Ct)NTINUE

Ct]NTINUE
RETURN
END

SUBRI)IIIINE ASSTGS (NEI{, [f , RANGE, S IZE, S rZE2 )

INTEGER*2 SIZE. STZE?. RANGE. I . J
REAL*B M(SIZEz, r¡ ,iWW1SIZE,7)

D0 20 I=1,RÄ,NGE
D0 10 J=1.RANGE

lrEH(I,J)=M(I,J)
CtlNTINUE

CONTINUE
RETURN
END

SUBRIìININE INVDET (¡.INV, A , RANGE , SIZE, DET, H(]ID)

_INTBGER*2 K, RANGE, I, J, T, q, SIZE, R, C, Rl (40), C1 (40),L,L1.,L2,L3,L4,L5,XL7
I^A!:8 IEL.Iß0), A (SrZE, 1 ), M, E, B, 82, H0[D (SIZE, 1 ), p, ArNV (SIZE, 1 )
D0 5 I=1.RÄNGE

D0 4 J=1,RANGE
H(]tD (I , J) =,{ (r , J)

Ct)NTINUE
CtlNTINUE
K=0
DET=1
K=K+1

rF (K .GT. RANGE) THEN

Aa

5
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G0T0 47
ENDIF
I=0
J=0
B=0

22 I=I+1
rF (r .cr. RANGE) THEN

G0T0 34
BNDIF

Q=024 q=q+1
rr (q .Gr. (K-1)) THEN

G0T0 27
ENDIF

25 r! (r .Eq. Rl(q)) THEN
G0T0 22

BNDIF
G0T0 24

27 J=J+1
rF (J .GT. RANGE) THEN

J=0
G0T0 22

ENDIF

Q=029 q=q+1
m (q .GT. (K-1)) THEN

G0T0 32
ENDIF
rF (J .Eq. C1(q)) THEN

G0T0 27
ENDIF
G0T0 29

32 E= ABS(A(I,J))
rF (E .GÐ. B) THEN

R1 (K) =I
cl (K) =J
B=E

BNDIF
G0T0 27

34 L7=C1(K)
L=R1 (K)
B2=ABS(À (t, L7) )
P=A (1, t7)
IF_(q2_.1,!. 0. 000000000001) THEN

DET=DET*P
D0 36 I=1,RANGE

D0 35 J=1,RANGE
A (I , J) =H0LD (I , J)35 CIìNTINUE

36 CI]NTINTJE
RBTT]RN

ENDIF
DET=DET*P
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R=R1 (K)
C=C1 (K)
J=0
J=J+1

IF (J .GT. RANGE) THEN
G0T0 41

ENDIF
rF (J .Eq. C) THEN

A (R, C) =1 . 0/P
G0T0 38

ENDIF
A (R, J) =A (R, J) /P
G0T0 38
I=0

J=0
I=I+1

rF (r .GT. RANGE) THEN
G0T0 20

ENDIF
M=A (I , C)
rF (r .Bq. R) TrrEN

G0T0 42
BNDIF
J=J+1

rF (J .GT. RANGE) THEN
J=0
G0T0 42

BNDIF
rF (i .Eq. c) THEN

4(LC)=tr/(-P*1.0)
G0T0 44

ENDIF

4(I 
' 
J) =A (r , J)-A (R, J) *M

G0T0 44
f=0

J=0
J=J+L

IF (J .GT. RANGE) THEN
I=0
J=0
G0T0 53

ENDIF
I=I+1

rF (r .GT. RÄNGE) THEN
f=0
G0T0 51

BNDIF
t1=C1 (I)
[2=R1 (I)
Y(11)=A(12,J)
G0T0 49
f=I+1

3B

+I

A.)AL

44

^n+t

48

49
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53

54

IF (r .GT. RANGE) THEN
I=0
G0T0 48

ENDIF
Ä(I,J)=Y(I)
G0T0 51
I=I+1

rF (r .GT. RANGE) THEN
G0T0 58

ENDIF
J=J+1

rF (J . GT. RANGE) TrrEN
J=0
G0T0 56

ENDIF
t3=R1 (J)
[4=C1 (J)
Y(t3) =A(I , L4)
G0T0 54
J=J+1

rF (J .GT. RANGB) THEN
J=0
G0T0 53

BNDIF
A (I , J) =Y(J)
G0T0 56
I=0
I=I+1

IF (I .LE. R{NGE) THEN
t5=R1 (I)
Y(15) =Cl (I)
G0T0'5e

ENDIF
I=0
f=I+1

IF (r .GT. RANGE) THEN
D0 63 J=1,RANGE

D0 62 T=1,RÄNGE
ÄINV (J , T) =A (J , T)
A (J , T) =H[[D (J , T)

Ct)NTINUE
CflNTINT]E

RETURN
ENDIF
J=0
J=J+1

rF (J _. GT. (RÄNGE-1) ) THEN
G0T0 61

BNDIF
IF (Y(J) .tE. Y(J+l)) THENeoio'o4 \

ENDIF
E=Y(J)

Ðo

58
59

61

62
63

64

65
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Y(J) =Y1¡*1¡
Y(J+l)=[
DET=(_DET)
G0T0 64
RETURN
END

C

C

C

SUBROIIIINE H()LD
C

C

C THIS SUßR(|ININE CÄUSES TM CÍ|MIJIER T{| C[]I]NT Tt) TtlP ÄS Ä PÄUSE.
C

C

INTEGER*2 I,J,T[)P
C

c
T0P=150

C

C PÄUSE.
C

D0 i0 I=1,T(lP
D0 5 J=1,T(]P

5 CONTINUE
1O CtINTINUE

RETURN
END

C

C

C

suBR0rnrNE HRTTET (NUMBER)
C

C

C THIS SI]ßRI|ININE PRINTS 'NIJHBER' BI,ÄNK TINBS.
C

C

INTEGÐRX2 I,NUMBER
C

c
D0 5 I=1,NUMBER

I{RITE(*, *)
5 CONTINI]E

RETURN
END

STIBRIìUTINE ERRI)RS

C

C

c
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C

C

C

C

C

C

THIS SUBRIIININE PRINTS ÄN ERR(]R MESSÄGE t]N TM SCITEN ÄND TIIÐN
PAUSES.

cAtt I{RTTEL(3)
I{RITE(*, *) i*** ERRSR *** '
HRITE(*, *)
I{RITE(*,*)'INC0RRECT INPIn ! ! ! |

CAIL HRITBL(3)
CÄLL HOTD

RETURN
END

SUBR0IIINE SAVEM2 (HEÄD.1 , HEAD2 , HEAD3 , R0liS , C0LS , trtATRIX , R0t/NlfE,X C[)LNME.MÄX)

TIIS SUBRI)TIINE SAVES HÄTRIX Tf| DISK, BY FIRST ASKING FtlR TM NÄ}M
flF TM FITE T(| STI|RE IT IN.

TNTEGER*2 T(}p,R0I{S, C0LS, DISK, r, J,t{.dx
REÄ[*8 iltÄTRrX(UlX,i)
CHÄRACTER HEAD 1*20, HEÄ02*20, HEAD3*20, C0LNMÐ ( 1 ) 

*5, R0t{NiltE ( 1 ) 
* 

1 5,X FI[ENA*20

T0P=400
rF (MAX.cT. T0P) THEN

I{RrrE (* , 
*)

I{RITE(*,*) 'ERR0R ! ! ! ÄRRAY rS T00 LÄRGE. '
CALI HIìLD
RETURN

ENDIF
DISK=5
cAil r{RrTEr(2)
WRITE(*,*) TBNTER THE NAI{E 0F THE FILB T0 BB USED. '
REÄD(X.5) FILENA

5 F0RMÀT(A2o)
0PEN (DISK , FILE=FILENÄ, STATUS= 'NEI{ 

| 
)

HÌ,rTE(DrSK, 10) HEÄD1, HEADz, HEAD3, Rút{S, CIìLS10 F[)RMÄT(3 (A20) .2r4\
D0 20.f='t.n0WS

I{Ì.rTE(!ÎSK, 15) (MÄTRIX (I , J) ,J=! ,C0tS)15 F0RMAT(400(F35.r+))
20 CONTINUE

D0 30,I=1,R0HS
I{RITE (DrSK, 25) R0HNME(I)25 FûRirAT(4oo (Ai5) )

C

C

C

C

C

c
c
C

C

C

C
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C{]NTINUE
D0 40,J=1,CIILS

I{RITE(DISK, 35) C0LNME(J)
F0RJrAr (400 (A5 ) )

Ct]NTINT]E
CL0SE (DISK, STATUS= I KEEP ' )
RETURN
END

35
40

C

C

C

c
C

C

c

Ð

SIIBR0UTINE tltfiptn(SNAME,SI{0LEC,I{O[NA[[,ST0R1,[fAX19,D,SECTr0,MBTH{]D,
X GREL)

INTEGER*2 CHt)ICE, VIDE(] , PRINTE, FILENU, I , J , D , SECTI[]
REA[*8 SM(]LEC(MAX19, 1),ST0R1 (MAX19, 1),GREI(MAX19, 1)
CHARÄCTER SNÅI{E*20, M0[NAM*20 ;NÀME*20 ; METH(]D* 1, ÄNS * i, R0t{NilE ( 9 ) 

* 
1 5,x C0LNME(9)*5

VIDE0=0
PRINTE=4
cÄrl HRTTET(25)
I{RITE(*,*) 'I{HERE D0 yt]UI{ANT THB tlurpur SENT ?'
HRrTE(x,x)
HRITE(*,*) '1.) THE PRTNTER'
HRrTE(*,*) '2.) THE SCREEN'
cALr HRTTEL(10)
READ(*,*) CH0TCE
rF ((çH!_r_cF_._NE. 1) .AND. (CH0rCE .NE. 2)) THEN

CÁ,[t ERRI}RS
GOTO 5

ENDIF
IF (CH0rCE .Eq. 1) THEN

llqry(lRINTER, FI[E= I LPT1 : | )
FITENU=PRINTE

EtSE
FITENU=VIDE0

ENDIF
D0 10 I=1.5

HRITE(FILBNU, *)
CI]NTINUE

CALL I{RTTET(25)
I{RITE(FILENU.*) I *********************
¡*****l
HRrTE(FITBNU, 15) M0LNÂM
F()RMAT(| ** r,420.'**')

HRITE(FILENU.*) 1 #x*****x*************
X*****ì
HRITE(FILENU, *)

10

15
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r,Ä20)

IF ((IIETII[)D.Eq. 'G') .0R. (METH0D.Eq. 's')) THEN
HRITE(FILENU,I) I VECTORS TREATED G

XLtìBALLY I

EtSE
HRITE (FILENU, 17) SECTTI)

.E0RMAT(| 
' 

VECT0RS PARTTTTIìNED INT0 ' ,I2,
X' GRIìTJPS')
ENDIF
VRITE(FIIENU, *)
I{RITE (FILENU, 20) SNAME

-IqLUAI( . 
' 0RTHONORI{ALrZArr0N PR0CEDURE(S) USED:

wRrTE(FILENU, *)
HRITE(FILENU.*) | ****,k****************
¡x****l
I{RITE(FILBNU,*) I ** FINAL METRIC TENStl
XR** /

WRITE(FILENU,*) | ********+************
x***** ì

HRrTE(FILENU, *)
D0 23 I=1.0

I{¡ITE(FILENU,22) (cREr (r ,J) , J=1 , D)
. F0RltAT( ' ' ,5X,20 (F7.3, 1X) )

Ct}NTINIIE
rF (FIIENU .Eq. 0) THEN

I{RITE (FILENU, *)
HRITE(FILENU, +)

I{RITE(*,*) 'PRÉSS RETURN T0 SEE 0. '
READ(r,24) ÄNS

F0Rì{AT(Ai)
HRITE(FILENU, *)
HRITE(FIIENU, *)

ELSE
I{RITE(FILENU, *)
HRITE(FILENU, *)

ENDIF
HRrTE (FTLENU, *)
I{RITÐ(FIIENU, *) | ******** I

WRITE(FILENU,*) ' **0 **r
WRITE(FILENU,*) I ******** I

I{RITE(FrtENU, *)
D0 30 I=1.0

HÌ,ru(r'rlqNuz?5) (SM0LEC (r, J), J=1, D)

_ FqRHAT( ",5X, 20(F7. 3, 1X) )
Ct)NTINIß

rF (FrLENU.Bq. 0) THEN
I{RITE(FILENU, *)
I{RITB(FILENU, *)
IiRrTE(*,*) 'PRÉSS RETURN T0 SÐB 0^-1. I

REÀD(*,35) ANS
F0R"rrAr(41)

I{RITE(FILENU. *)
HRrrB(FrrENU; *)

17

20

22
23

,/1

25
30

35
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EtSE
I{RITE(FIIBNU, +)

_ !&ITE(Fr[BNU,*)
ENDIF
HRITE(FILENU,*) '
WRITE(FILENU,*) '
I{RITE(FILENU.*') I

HRITE(FIIENU;*J
D0 45 I=1.D

*********** |

** 0 ^_1 ** r

*******{<*** |

WRITE(FILENU,40) (ST0R1 (I, J), J=L, D)40 F0RMAT(",5î,iO(iZ.3,1ii)
45 CONTINI]E.

rF (FrrENU.Eq. 0) THEN
cÁLL HRTTET(2)
I{RrrE(*,*) 'HIT RETURN T0 SAVE 0 AND 0^_1 T0 DISK. '
READ(*,50) ÄNS

50 FÍ]RMÄT(Ä1)
ELSE

_ çr-0sB(PRTNTER)
ENDIF
cArL HRTTET(25)
rF (FILENU .NE: o) THEN

cÄrr I{RrTEr(3)
I{RrTE(*,*) TPRTNTING FINISHED ... 'cAn I{RTTEL(10)

ENDIF
I{RITE(*,*) 'SÄVE 0 T0 DrSK. '
f=D
K=D
I{RITEI*. *)
q4l,l, $¡yEúzluol,t'ult,NA,ME,sNAiltE,I,K,SI{0LBC,ROt/NiltE,C0LNME,MAX19)cAil WRTTEL(7)
WRITE(*,*) '.SAVE 0^-1 T0 DrSK. '
I{RITÐ(*. *)
NÄME=ì 

,INVERSEt

çAlNlvEM2 (M0LNÄM, NÁ,ME, SNAME,I , K, ST0R1 , R0t{NiltE, C0LNIIE,NAX19)
RETURN
END

SUBROII| INÐ IRRSYM (N, METRIC , GREL, VORK , S ,I{ÄX19 , DETBNJI, MAX2O ,I{K , 52 ,X HtlRKB)'

INTPçq&i2_4rLJ , N, MAxle , MAx20

.REA[*8 ilrET$lC( 1 ), GREL (MAX19 . i ) . NI]M, I{ORK (MAX19, 1 ), S (MAX19, 1 ), AC,x DBTERM(1),s21UIXîO,r¡,WORúB(MÁX19,ì¡,Wr(íj'

AC=1 .00-14
NUM=O.0
K=L

C

C

C

C

C

C

C
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5
10

C

C

c
C

c
c
C

c
C

D0 10 I=1,N
D0 5 J=1,I

HK(I)=9.9
DETERil(I) =0. o
rF (Aqs(cREr(J,r)) .rr. Äc) THEN

GREL(J, I) =0.0
METRIC (K) =0 . 0

ELSE
q.ßqs^(g¡B!(.I,r)-1.0) .LT. Äc) .AND. (r.BQ.J)) THEN

IÍETRIC(K)=1.0
GREL (J ìl) =r . o

EtSE

_ _uE_!RIC (K) =GREL (J, I)
ENDIF

ENDIF
K=K+1

Ct}NTINUE
C()NTINI]E

cAtL MÄTSCA (I{0RK, NUI{, S , N,t[AX19)

Put the call to a subroutine which calculates the eiqenvectors
and eigenvalues of a real symmetric matrix here. If ihe subroutine
Igggires a_natrix, use_GR^EL, and if it requires a vector, use
MEtRrc (MEtRrc holds the upper triangular elements of cri¡1,). store
the eigenvectors in I{0RK, and the eigenvalues in DBTEITI{.

cÄrr xxxxxx(... )

DU 20 f=1,N
D0 i5 J=1.N

rF (r .Ñn. "l¡ runru
VI)RKB lI. J) =0.0

EtSE

_..u0_&KB (I ,I) =1 .O/SQRT(DETERJ{(I) )
ENDIF

_qz(I,J)=HSRK(J, I)
Ct)NTINI]E

Ct)NTINI]E

ç4!1,_I{4TMIJL (S, I{0RKB, 52, N, MAX19)
RETURN
END

IÐ
20
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Appendix B

Fortran-77 Source Code for NPLOT

$N0Ft0ÄTcÄrLS
$ST(lRÄ,GE:2
C

C

C

PRIìGRÁ.M NPTOT
C

c
C

C

C

C

C

C

THIS PRÍ|GRÄH PTÍ)TS CtlNTflIA TINES t|F Â PÄRTICUIÄR M[|LECT]LB'S PflTDN
TIAI ENERGY. AtT BTIT TI{tl f)F TITE PI|TENTIAT'S VÄRIÄBIE CÍ](|RJINÄTES
ÄÌN FIMD. CI]RRTNTIY, TM PRIìGRAü C¡.N BE ÅPPLIED Ttl ÍINTY TIN"EE ÅND
FÍ|I]R ÄTf|U MÍ|TECIITES. SflM flF TM SI]BROIJTINES CÄttED BY TIIE PR(]GRÄT{
CÄN BE F(II]ND IN TIE IIJTIIITY PRIIGRÄITS' ÂPPENDIX.

__TNTEGER*? 4_,_Cq6-, R0t{S, CH0ICE, r, MÄX4, MAX5, MÄXg, MAX42, N, NCtl 0 RD,X VIDEO.STÄTUS
INTEGER*4 SIZE',INTÄRY ( 2472 )
REAL*8 F (2,2),PARAM(5 ;9),XEg(9),XlrAX(9),H9(9),XFIR(9),V,x xsEC(e) ,REq (e) , q (e) ,MrN, qEq (e) ;QilrrN(e)', QMAX (e)',.
X tl(4,4),EIIAX,ESTEP.HIGH.STEP.VEO.XMIN19).Y14.4.).x rnlf r(4,+) ,iEMp2 (4,4),i(g) ,inupá(4,4),îÉuÈ+ (+',4) ,x EXTRA(4;4);MASSESTé1,Íz(g)'

CHÄRACTER ltlSxti_I).q¡iIC*¡r¡_ÓLNAili*i0,TRNAtr{E*26,¡NASD*20,C0LNMB(9)*b
x R0I{NME(5)*15,10R8x1
c0Mrr0N /GRAC0M/ srzE, INTÄRY

DEVIC= | DISPIÁYl
MÄX4=4

C

C
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2
C

C

c
c

C

C

C

C

c
lÐ

30
C

c
c

c
C

20

MÄ,X5=5
MAX9=9
l,lll¡X42=2
D0 2 I=1,MÄXg

Q(I)=1'o
Ct]NTINT]E

ÄssIGN Tm EqIIIIIBRIIM VALI]ES 0F Tm B0ND DrSTÄNCE C00RDINÄTBS T0
qEq.

cÁ,tt Mt)tpt)T(qEq, q,v,tr{0[NAM,N,MASSES,t{]RB)

rF_[o.qr. Þ) .0R. (N .rE. 1)) THEN
WRïTE(*,3) N

F0RMAT(' ERR0R ! ! ! Npt0T CANN0T IIANDTE A, r,r2, ' BtlDy PROBIEM.
X.. PRI)GRAM HILL BE TERTIINATED. ')

CAtt H[)LD
GUT0 180

ENDIF
NC00RD=3xN-6
VIDE0=0

cÄtt [)MAT(0,N,MAX4, I)NAME,MASSES,M(ILNAM, R0I{NME, C0LNNE)

cÄ,tt vRITEt(25)
I{RTTE(*,*) '00'yûU I{ANT T0 RECÄLI A PARAMETBR MATRIX FR0M DISK ?

XY/tl; t' ' '
cÄn wRrTEr(i0)
READ(*,20) ÄNS.
F0RMAT(Ä1)
IF_((ÄNS_.8q. l¡'ll-.0n. (ANS .Eq. 'N')) THEN

D0 30 I=1.NC0fìRD
q (r) =qÉq (r)

Ct}NTINI]E

cÄtcutÀTE EgrrrrrBRlllt[ p0TENTrÄr vÄtu.

CÄtt Mf)LPt)T(qEq, q,V,MI}LNAIIÍ,N,MASSES, L0RB)

VEQ=Y
cÄtt qEQxEq-(quq, 

&ÐQ, N rtQRB, 
y, MAX4, 0, TEIrp 1, TBMP2, TEMP3, TBMP4,

EXTRA.TRNAME.X)
cÄrr ASSTGV (XEq, X, ilCO0nlJ

ASSIGN VÁIIIES Tfl ruIN ÂND )il[ÅX f|F TM TÁRGET CÍìÍ|RDINÁ,TES.

D0 40 I=1.NCt)t)RD
rF (xEq(r) .GT. o.o) THEN

XltfIN (I ) =0 . 01*XBq (I )
XMÄX(I)=1.5*XEQ(I).

c
c
C
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EtSE
rF (xEq(r) -Lr. o.o) THEN

XMIN(I)=1.5*XEq(I)
XMAX (I) =0 . 01*XBq (Ï)

ETSE' 
XMIN(I) =43
XliÍ,{X(I) =9. 7

ENDIF
BNDIF

Ct)NTINT]E
cAil r{RrTEr(25)
I{RITE(*,*) .GIVE THE IlppER ENERcy TIMIT F0R TI{E POTENTIÄr ENBRG

XY PIOTS. I

cAil HRTTET(5)
READ(*,*) EIiAX
ESTEP=EMAX/10.0
PARAM(1,1)lN
PARAM(1 ,2)=NC00RD
PÄRAM(1,3)=VEQ
PARAM(1 ,4)=EIIIAX
PARAM(1,5)=ESTEP
D0 45 I=1.NC00RD

PARÄM(i, r) =qEq (r)
PÂRAM(3, I) =XE0 (I)
PARAM(4,I)=XMIN(I)
PARÄM(5,I)=XMÄX(I)

Ct)NTINUE
R0HS=MAX5
rF (NC00RD .cE. 5) TrrEN

C0LS=NC00RD
ETSE

C0[S=MÂX5
ENDIF
C0LNME(1)=rN I

CI)LNME(2)=rNCO0Rl
ct)tNME(3)='VEq I

ct]tNME(4) =TEMAX '
C0LNME(5) =TESTEPI
R0HNME(2)=r qEq'
R0I{NME(3)=r XEQ'
R0HNME(4)=r XMIN'
R0I{NME(5)=r XMAX'
cÄtt wRrTEr(5)
I{RrTE(*,*) rSÂVn rHE PARAMETER MATRTX T0 DISK. '

., cAtL sAvEM2(M0tNÄM, TRNAME , 0NAltE, R0I{S , C0LS , P.A.RÁ,M, ROI{NME , C0INMD ,K MÀX5)
EtSE

40

45

IF l.(Ä.i{S-._.!_Q_._ ly') .0R. (ÄNS .Bq. 'Yr)) THEN
cAr[ I{RTTEL(25)
R0HS=MÄ,X5
rF _(NC0ORD .GE. 5) THEN

C0LS=NC00RD
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EtSE
C0[S=llAX5

ENDIF
I{RITE(*,*) 'RECÄLL THE PARAMBTER MATRIX FROM DISK. '
cÁ,tt RECAtt (PARA4, R0I{NME, C0INME, M0LNAM , TRNAMB , 0NAME , tr{AX5 ,

ROI{S , Ct)LS)
N=PA,RAI{(1,1)

flqq0Rq=PARAM(1 ,2)
VEQ=P¡¡¡¡1(1,3)
EMÄX=PÄRAtrI(I,4)
ESTEP=PARÂIi(1,5)
D0 50 I=1.NC'00RÚ

qEq (I) =PARAilÍ(2, I)
XEq(I)=PARAM(3,I)
XMIN (I) =PÄRAII{ (4, Ï)
XMAX(I)=PARAM(5, I)

C(]NTINUE
ELSE

CAtt ERRI)RS
G0T0 15

ENDIF
ENDIF

60 
_- 

cAtL pt0T2 (xxq, ryìtq00&qrlMX, xMrN, XFIR, XSEC, Hg, [rAX42, F, tr{AX4, X,x Tp!!l12Tp!!f?rTE!!q.3?TEÌrp420'VEq,BMÄX'ESTDP,DEVIC,M0LñAir,
x TRjry4UE,0NÄME,EXTRA,y, qEq , Q ,I{ASSES , STÄTUS , XZ , t 0[n, SrzB;X INTÄRY)

R()\rIS=MAX5
rF (NC0ÍìRD .cE. 5) THEN

C'0lS=NC00RD
EtSE

C0LS=MAX5

70
1,70

ENDIF

_cÄtt EDITMÀ(MOLNÄM,TRNÄ,ME, 0NAiltE, R0t{S , C0[S , PARÁ,N, C0LNME, R0I{NMB,X ViDE{],MÄX5)
N=PÂRAM(I,1)
NC00RD=PÄRAM(1 ,2)
VEQ=P¡¡¡¡1(1,3)
EMAX=PARÄM(1,4)
ESTEP=PÄRAM(1 ,5)
D0 70 I=1.NCt]flRD

QEq (I) =PARAM(2, I)
xEq (I)=PÄRAM(3, I)
XMIN (I) =PARAil{ (4, I)
XMAX(I)=PÄRÄM(5, I)

Ct)NTINI]E
CAIT HRITEL(25)

I+ITEfrl)_'i)o.Îou HANT AN0THER PLOT ? (y/N) r

cArr l{RrTEr(10)
READ(*,175)'ANS
FI)RMATIÄ1)
rF_L(41,r!,_s_q._lyl) .0R. (ÄNs .EQ.'y')) THEN

DEVIC= | DISPIAY]
G0T0 60

175
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4 nn.Lt I

ETSE
IFJ(À]{S-^.]{P^.^'N') .ÄND. (ÄNS .NE. 'nr)) TIIEN

CAIL ERRI)RS
G0T0 170

ENDIF
ENDIF
cÄil l{RrTEr(25)
HRITE(*,*) IDt) Y()U I{ANT Ttl SÀVE THE PÀRÄMETER NATRIX TO DISK BEFtlR

XE NPTOT TERMINÄTII}N ? '
HRITE(*,*) '(Y/N)'
cÄrr WRTTEL(10)
REÄD(*,178) ANS

F0RMAT(Ä1)
IF _(_(4IS :Iq.'Y') .0R. (ÄNS .Eq. ty')) THEN- R()HS=MÄX5

rF (NC0ORD -GE. 5) THEN
C0[S=NC00RD

ETSE
C0[S=MAX5

ENDIF
cÄLt sÄvEM2(il[t)tNÄIt, TRNAME, 0NAME, R0I{S , C0LS , PARAM, R0I{NMB, C0LNNE,X MÀX5)

EtSE
IF 

-( 
(NS .NE. 'N' ) . ÄND. (ANS . NE. 'n' ) ) THEN

CALL ERRIIRS
G0T0 177

ENDIF
ENDIF
ST()P

END

SIIBROIIITNÐ 0MAT ( 0, N, MÄX4, ÛNÄME, MAS SBS, ttO LNÄt{, R0HNME, C0 LNMD)

INTEGER*2 R(]HS. C[)LS.N.MAX4
REAL*8 0 (MAX4, í),msSÉS (r)
CHARACTER ANS*I,NAME*z0,R0I{NME(1) *15, C{)LNMB(1) *5, 0NAiltB*zO,X M(]LNÀM*2O

RNCÂtt ÄN f| UATRIX FRÍ|II DISK.

cÄrr HRTTET(25)
HRITE(*,*) TRECALL ÄN ' '0' I MATRIX FR0M DrSK. '
R0IiS=N-1
C0[S=N-1
N,{ME=' 0 MATRIX I

ç{ll,*$pcÄtl ( 0, R0HNtrrE, c0 LNME, M0[NAtr{, NAME, 0NÄMB, ilAX4, R0trrs, C0 LS )
RETURN
END

178

180

C

C

c

C

C

c
C

c
c
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C

C

c

C

C

C

C

C

C

INTEGER*2 N.MAX4
REÄL*8 X(1) ;V,y(MAX4,1),qEq(1),q(1),F9,VEQ,S(MAX4, 1),
x TElfPl(MAX4,1),TEMP2(MÁX4,1),TENP3(IIÄX4,1),TEilp4(MAX4,1),x EXTRÄ(MAXa,r),mSSns1r¡
TIIGICÄL ERRIìR
CHARÄCTER TRNAMEXzO, MOLNA}I*20, LORB* 1

SUBR0IIIINE C[)MP{]T (X, N, S, Fg, VEq, itÄX4, TEMP 1, TBMP2, TBNP3, TBMP4,
X M()LNAM,EXTRÄ,TRNAIÍE,Y, qEq, Q,MASSES,LORB,DRROR)

CÄICT]TÁ.TE TM TÍ)TAT POTENTIÄL.

cÄtt FNV (x, N, s, v, MÄx4, TEMP1, TEiltP2, TEMP3, TEtr{P4, tr{t)LNAM, EXTRÄ, TRNAM
x Y,QEq,q,MASSES,L0RB,ERR0R)
F9=V-VEQ
RETURN
END

c
C

C

C

C

C

C

C

C

C

suBR0urrNE FS0uRc (q , qsANG , N, L0RB)

INTEGER*2 N,I
REAL*8 q(1),qSANG(1),C0SANG,Pr
CHARÄCTER ItlRBX1

CATCI]LATE TM BtlND DISTÄNCF,+IIND ANCTE CÍ|Í)RDINÄTBS FRflM TIIE BÍ)ND
DISTANCE C{IÍ)RDINATES.

PI=ÄC0S (-1 .0)
D0 5 I=1', (N-í)

qsÄNc(Ð=q(r)
CtlNTINUE
IF (N .EO. 3) THEN

çbq4Nçïq(z)iiZ.q(1) **2-q (s)**2) I e.0*q(2) *q (1) )
cÀLr ÄcrrEcK(c0sAN0)
qsÄNG (s) =lc0s (c0SANG)

ENDIF
rF ((N.Eq. 4) .AND. (r0RB .Eq. 'B')) THEN

ÇQ$ r'rg= LaG)i1?1-q(?) 
**2-q Ø)**2) l(2 .0*q (2) *0 ( 1) )

cÄrr ÂcHEcK(c0sANG)
qSANG (a) =ACoS (C0SANG)

Ç9$4i'r9:LA(t) 11?rA(.3)**z-q (5) **2) I Q.0*q(1) *q(3) 
)

cÄrl ÄCHECK(C0SANG)
qsANc (5) =AC0S (CoSANc)
C0SÄNG= (8 (2) **2+Q (3) **2-q (6) **2) I (2.0*q(2) *q (B) )
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cÄrl ACHECK(C0SANG)
qsÀNG (6) =AC0S (C0SÄNG)

ENDIF
rF ((N.Eq.4) .AND. (rORB.Bq. '[')) THEN

Ç994¡¡9=_Lqß)11zrQ(?) 
**2-Q (4) **2)/ (2.0*q (2) *Q (1))

CÄLt ACHECITCOSANG)
qsÄNc (4) =ÄcÒs (c0sAÑG)

Ç99$N9^.L-qf lXl?.t$( t ) 
* * 2*Q ( 3 ) 

* * 2 ) I Q . 0* Q( 1 ) 
* q ( 3 ) )

cArL ACHECT((C0SÄNG)
qsÁNG (5 ) =PI-,A.C0S (C0SÄNG )
Ç99$N$:-(-qß)11hA(.5) 

**2-q (0¡ **r-n (1)**2) I Q .0*q(2) *q (3) )cÄrr ÂcHEcK(c0sANG)

_ qsÁNc(6)=AC0s(c0sANc)
ENDIF
RETURN
END

C

c
C

C

C

C

C

C

SUBR0UIINE TS0URC (qSÄNc , Q , N, L0RB , ERRt]R)

CÂTCI]LATE TM B[|ND DISTÂNCE CÍ|Í)RDINATES FRÍ]M TM B[]ND DISTÄNCE
I}Í)ND,ANGTE CÍ|Í|RDINATES.

INTBGERX2 N

&Þ4!i8 qsaNc(1), q(i),Pr,Äc
LIìGICAT ERRIìR
CHARA,CTER [t)RB*l

AC=1.00-{8
PI=AC0S (-1.0)
D0 5 I=1', (N-i)

q (r) =qsÄNG (r)
Ct]NTÏNT]E
IF (N .Eq. 3) THEN

,. q (3) = (qq4ryq(l)^ii?, QrSs.lnQ (?) *12 .0-z.o*QSANG ( 1) *QSANG (2) *
x_ ___ cOs(qsÁNG(3)))**(1.0/2.0)
ENDIF
rF (N .Eq. 4) THEN

IF (t0RB .Eq. '[') THEN
rF (.GsANq(4) _:pq... lr)-:li,ND. (QSANG(6) .NB.X (PI _ OSANGIs)))) THEN

EtiRtlR=.inun.
I{RITE(*,*) 'ERR0R ! ! TNCORRBCT C0NFTGURATTI]N 0F M0IBCULE.

xl
G0T0 10

ENDIF

C

C

Page 120



C

c
C

rF-(-GSÄNC_(5)_.8q. 0.0) .AND. (qsÄNc(4) .NB. qsANG(6))) THEN
ERR0R=.TRUE
I{RITE(*,*) 'ERR0R ! ! INC0RRECT C0NFIGURATTON 0F If0LBCUIE.

xl
G0T0 10

ENDIF
ENDIF

CMCK THÄT .ANGLES Í)BEY ' GEÍ]METRY RIIES. I

IF 
-(qsÁxc 

(4)+QSANG (6) +QSÄNG (5)-2. O*PI . cr. -AC) THBN
ERR0R=.TRUE.

!&ITE(*,*) 'TNCORRECT RÄNGE 0F ANGrE(S) ! ! ! r

G0T0 10
ENDIF
IF 

-(qSAxG S)+QSANG (6)-qSÄNc(5) . tT. -Äc) THEN
ERR0R=.TRUE.
HRrTE(*,*) 'TNC0RRECT RÄNGE 0F ÄNctE(S) ! ! ! '
c0T0 ù' '

ENDIF
IF _(QsÄJ,{c IQ-+QSANG (5)-qSANc (6) . tT. -ÁC) TIIBN

ERR0R=.TRIIE.
I{RrTE(*,*) 'TNC0RRECT RÄNGE 0F ANGrB(S) ! ! !'
GOTO ù, ,

ENDIF
IF 

=(qsÅNG(6)+qSANG(5)-qSANc(4) . tr. -AC) THEN
ERR0R=.TRUE.

!&IIE(*,*) 'TNC0RRECT RANGE 0F ANGLE(S) ! ! ! '
G0T0 10

ENDIF
rF ((N .Eq. 4) .ÄND. (r0RB .Eq. 'B')) THBN

q (4) =(qq4ryq(l)ii?, QIQS,ÄNQ Q)*:2.0-2.o*qsANG (1) *qsÄNG (2) *
c0s (qsANG (4) ) ) ** (1 . o 12 .o)

q (5) = (qq4ryq ( l)ï?, QlQs.lnQ (q) i:2 . 0-2 .o*QSANG ( 1 ) 
* 

QSANG (3 ) 
x

cOs (qsÁNc (5) ) ) *x (1 . o/2 . o)
q (6) = (qqÄ.ryq(?)1i?, Q1Qs.jrQ (T) -f z .0-2 .0*QSANG (2) *QSANG (3)x

cOs (qsÁNc (6) ) ) 
** (1 . ol2.o)

ENDIF
rF ((N .Eq. 4) .AND. (rrRB .Eq. '[')) THEN

,. q (4) =(qq{ryq(l)ii?, QIQS.ANQ Q)*:z:0-2.o*qsANG (1) *qsÄNc (2) *x cOs(qsÄNc(4)))**(1.012.0)
q (5)=(q(1.)_i*?.0-*Q(J)::? 10. 2,O*qSANc (1) *QSANG (3) *x c0s(Pr-qsANG(5)))**(1 .o12.o)

q(6)=(q Ø)**2. 0+Q(5) **2. o-{SANG (1) **2. 0-x 2.0*qsANG(2)*qsÄNc(3)*COS(gSANc(6)))**(1.012.0)
ENDIF

ENDIF
10 RETURN

END

X

X

X
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C

C

C

Pt0T2 (XEq,N,NC0[)RD,XMAX,XMTN,XFIR,XSEC,I{9,If4X42,F,tr[AX
x,ÌpuÞi ,îEMpz,inura,TEMP4, s , vng , EMÀx, ESTEP , DBVrc,
MtìINAM, TRNÄtrIE, SNÄIÌIE, EXTRÄ, Y, QEQ, q, MAS SES, STÁ'TUS,
x2, [0R8, srzE, rNTÁ,RY)

SUBRf)UIINE
X
X
X

TNTEGER*2 MAX43, ì14,X42, P0INTS, N, NC[) 0RD, CHI)rCE, I, J, FIR, SEC, llAX4,
X STÀTUS .C(}I]NT.COT]NT2 .R[)I{S , C[)LS

INTEGER*4 SIZE. ÎNTÀRY I 1)
RBAI*B XEQ(1) ,iprR(r) ìXsnC(r) ,H9(1) ,F9,Y(MAX4,1) ,XMIN(1) ,XIIAX(1)x F(M4X42,1),X(1),TEMP2(MAX4,1),TEMP3(MAX4,1),TDNP4(NAX4,1),
x srEP,s(MAx4i1),VEq,EMAX,MIN,MÄX,ESTEP,TEMPl(MAX4,1),
x EXTRÁ,(MÄX4,r),qEq(1),q(1),MASSES(1),X2(1)
L()GICAL ERRtlR
CHARACTER P 0NÄME*20, ÀNS * 1, DEVrC*7, M0 LNÄM* 20, TRNAil{E*20, SNÄMB* 20,
X L[)RB*I

ERR0R=.FAISE.
MAX43=MAX42+1
cÄLL I1]RTTEL(25)
I{RITEI*.10) MAX43
F0RMAi(i GÎVE THE NUMBER 0F GRID P0TNTS (1 < POTNTS < 

"I2,').')cÄrr WRITEL(IO)
READ(*,*) POTNTS
rF ((p0rÑTS .Gr. MAx42) .0R. (P0rNTS .Lr. 2)) THEN

CALL ERRI]RS -
Gt}T(] 5

ENDIF
D0 15 I=1.NCtlt)RD

He (r) = (xMax (r) -xMrN (r) ) / (POINrs-l)
C(}NTINUE
cÄLr I{RTTEL(25)
I{RrrE(*,*) 'I{HICH TH() C00RDTNATES (rN Í)RDER) ÂRE VARIÄBLE ?'
cÄrr IiRrrEt(10)
READ(*.*) FIR.SEC
rF ((FÍR'.1T. '1) .0R. (FrR .GT. NC0ORD)) THEN

CALL ERRI}RS
G0T0 20

ENDIF
rF ((sEc .rr. 1) .0R. (sEC .GT. NC00RD)) THEN

CÄLt ERRI)RS
G0T0 20

ENDIF
CALL HRTTET(25)
I{RITE(*,*) 'CH0()SE A P0TENTTÄL TYPE Ft}R PLI)TTTNG. '
CALI I{RITBL(2)
I{RrrE(*,*) r(i.) CI}MPIETE'
HRrrE(*,*)' (2.) SEPÂRABIEl
HRrrE(*,*)' (3.) N0NSEPARABLEI

C

C

d

10

15
20

25
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CALL I{RITEL(10)
READ(*,*) CÈ0reE
rF ((cH0rcE .GT. 3) .0R. (CH0rCE .rT. 1)) THEN

CALI ERRIìRS
G0T0 25

ENDIF
cArL HRrrEr(25)
wRrTE(*,27) 

'TRNÄME

I9qt4tc'__cÄ.rcwrq,TrNG P0TENTIAT rN ,,420, ' CO0RÐTNATES ...')
cALr wRrrEr(10)
rF (cH0rcE .Eq. 1) THEN

P0NAllE= | T0TÄ[ |

EtSE
rF (cH0rcE .Eq. 2) THEN

P0NAME='SEPARABIE I

ELSE
PtlN/rtrlB= ' N(ìN-SEPARABLE I

ENDIF
ENDIF

TÍflVE TM.(|UGH RÄNGE t|F IYI ÄxIS COORDINÄTE.

D0 35 I=1,P0INTS

H(|VE TM,Í|UCH RÄNGE t|F IXI AXIS Cflf)MINÄTD.

2B

, TEMP2 , TEMP3 , TEltP4,
, Q,MASSBS , LORB,

30 J=1jPOINTS
COIINT=P0INTS-I+1
C0UNT2=POINTS-J+1
I{RrTE(*, 28) C0tiNT, C0IINTz
FORIIÄT( | +t ,I2,t ' ,I2)
cÂLL ASSIGV(X, XEq, NC0()RD)
CÄLL ASSIGVIXSEC. XEfì . NCtìfìRD)
cALr ASSTCV lxprn. xnd . ncoonnl
xFrR(FrR)=(i-1)*Íre(ÉiR) + Xúri'r(prR)
xqEC($EC)=(I-1)*He(SEc) + xrllN(SEC)
X (FIR) =xl'IR(FIR)
x (sEC) =xsEc (sEc)
rF (cH0rcE .Eq. 1) THEN

cÄtt c0Mp0T(x,N,s,Fg,vEq,MÄx4,TEtì{pl
M()[NÄM, EXTRÄ , TRNAME, Y, gEq
ERR0R)

EtSE

D{]

X
X

rF (cH0rcE .Eq. 2) THEN
cÄtt SEPTÄR(X,q, qEQ,N,S,Fg,VEq,t{AX4,TEMP1,TEMP2,TEiltp3,

TEMP4,FIR,Y,XFIR, SEC,XSEC,XEq,IÍI)LNÄM,
EXTRA, TRNAME, MÄSSES, L[)RB, ERR{}R)

EtSE
cÄLL ÅSSTGV(X2,X, NC(](lRD)
cALt DIFF(4 ;q,qEq,N,S,F9,VEq,MÄX4,TEMP1,TElfp2,TBIIP3,

TEMP4 , FIR, Y, XFIR, SEC , XSEC , XEq , M[]LNAtr{, EXTRA,
TRNAME, MASSES , X2 , [tlRB , ERR0R)

ENDIF
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30
35
36

BNDIF
rF (ERROR) THEN

G0T0 110
ENDIF
F(I,J)=p9

Ct]NTINT]E
Ct]NTINUE
cÄLr WRTTEL(25)
VRITE(*,*) 'Dt) Yt)U I{ANT THE POTENTIÄL NATRIX PRINTED ON THE SCRBBN

x ? (Y/N),
CALL I{RTTEL(10)
REÄD(+,37) ANS'
F0RfiÄr(Ä1)
IF (GNq_._E_q_._ iY') .0R. (ANS .Eq. ry')) THBN

cAIr wRrrEL(25)
HRITE(*,*) fPtllENTrA[ MATRIX:'
cALr HRTTEL(3)
D0 45 I=1.POINTS

q&r_Tqf.r4q) (F(I,J), J:1,P0rNTS)
F0RMAT(' |,100(F9. 1, lX))

Ct]NTINUE
cÄtt HRTTET(2)
HRITE(*,*) 'PRESS RETIIRN T0 CI)NTTNUE. '
REÄD (* .47) ¡,NS47 FoRMÀTiÄ1)

ELSE
IF (.Q{_NS__._NE_.:rN') .ÄND. (ANS .NE. 'n')) THEN

CALL ERRI)RS
G0T0 36

ENDIF
ENDIF

48 CALL I{RTTEL(25)
I{RITE(*,*) 'D0'y0U I{ANT T0 SÄVE THE P0TENTIÄL MATRIX T0 DISK ?xN)r \ / /

cÀLL I{RTTEL(10)
READ(*,49) ÀNS'

4e F0RMÀT(Ar)
IF_((4IS :Eq. 'Y') .0R. (ANS .Eq. 'yt)) THEN

R0HS=PtlINTS
C0LS=P0INTS
CAIL WRITELízs)
I{RITE(*,*) rStiE THE P0TENTIÄL MATRIX T0 DrSK.,
cALt ASYSTÅ (R0I{S , Ct)[S ,F,tr[AX42)

EtSE
IF f .[A_NS__.¡E_._ 'N' ) . ÄND. (ANS . NE. 'n' ) ) THEN

CALL ERRI}RS
G0T0 48

ENDIF
ENDIF
rF_(cH0rcE.Eq.3) THEN

EMAX=7000.0
ESTEP=1000.0
trflN=-7000.0

.taðt

40
-fù

(Yl
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C

C

C

50
55

60

100

102

ELSE
llIN=O.0

FIND TM HINIMUH VÄTM f]F TM PÍ)TENTIÄT VÄTUES CÄLCI]TÄTED.

D0 55 I=L,POINTS
D0 50 J=1,P0INTS

rF ((F(r,J)) .LT. MrN) THEN
iltIN=F (I , J)

ENDIF
CI]NTINUE

Cf]NTINI]E
ENDIF

., 
CALL DRÄH ßl{,^SE^q, [lllÄ{.*{ryIry., EjITEp, MrN, EMAX, MAX42, p 0 r NTS, rre, F,x NCO0RD . DEVIC , M0ËNAM, TRNAME , P0NAME , SN,{MD , iEq , STAîUS; SîZn ,X INTARYJ
cÄrr I{RTTEL(L')'

IF$q.eå ì00 yOu r{ÀNT Ä HARD c0py ? (y/N) '
cArL HRTTEL(10)
RBAD (*, 100) 

'ÄNS

r0tu\rÄT(A1)
IF ((ANS .E_Q._'.Y' ) . 0R. (ANS . Eq . 'y' ) ) THEN

cÁLr r{RrTEr(25)

I{RrTE(*,*) 'CHf)t)SE DEVTCE. '
HRITE(*, *)
HRITE(*,*)'1.) PRINTERT
I{RrrE(r,*)'2. ) PL0TTERT
CALL I{RTTET(10)
READ (*,105) 'ANS

105 F[)RJIAT(ÄI)
rF (ANS'.8Q. '1') THEN

DEVIC= I PRINTER I

ELSE
IF (ANS .Eq. '2') THEN

DBVIC= | PL0TTER'
EtSE

CAIL ERR(]RS
G0T0 102

ENDIF
ENDIF
G0T0 60

EtSB
IF f,(Aj'rS_-.¡E_._'N') .AND. (ANS .NE.'n')) THEN

CATT ERR(}RS

G0T0 65
ENDIF

ENDIF
110 RETURN

END
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C

C

C

C

C

c
C

C

C

15
20

C

C

C

C

C

SUBR0I-IIINB ASYSTA (Rflt{S , C0LS , MÁTRrX , MÄX)

INTEGER*2 Tflp, R0I{S, C0[S, DISK, I, J,MÄX
REAL*8 MATRIXTMAX,í)
CHARACTER FILÈNÄ*2O,

TIIS STßRÍII]TINE SÀVES MÄTRIX Tf] DISK, BY FIRST ÄSKING Ft)R TIID NfiM
f|F TM FILE T{| STI]RN IT IN.

T0P=400
rF (MAX .GT. Tt)P) THEN

I{RITE(*, *)
I{RITE(*,*) 'ERR0R ! ! ! ARRAY IS T00 LARGE. '
CÄLL H[)LD
RETURN

ENDIF
DISK=5
CALL I{RTTBL(5)
I{RITE(*,*) "ENTER TI{E NAME 0F THB FrLE T0 BB USED. '
READ(*,5) FIIENA,
F0RMÁT(Ä20)
OPEN(D_ISK, F!,p=p1¡ENÄ, STATUS=t NEH' )
D0 20.I=1.R0I{S

[&iTq(D.rsK,.1_5) (MArRrx (r, J), J=r,C0rs)
FORntAi(400(Fs. 1, 

"' 
))'

Ct]NTINT]B
CL0SE(DISK, STATUS= ' KBBP ' )
RETURN
END

SIßR()UTINE DRAH (FI&J SEC' XMAX' XMIN, ESTEP, trIIN, EMÂX, NAX42, P{lINTS, II9x FT,Ng-Q0$!.!ByrÇ,M0rNÄrr,TRNAIIE;p0NAriB,sNArÍB,xEq,'
X STATUS,SIZE,INTARY)

IMPTICIT INTDGER*2 ( A,-:Z\
INTBGER*4 ISTEP. IMIÑ. IM?INTBGER*4 ISTEP, IMIÑ, IMAX,F. SIZE. INTARYIl
REÂL*8 {1("7),yl (?),XuHe(1),iMAx1í¡,xurru(r

UP, IMIN, IMAX,F, SIZE, INTARY(1)
{1 (T),_!, H.e ( 1 ) L{[!AX ( 1 )' xNrN ( r ), y, F0, F1, F2, F3,
2 ,r) ,xEq ( 1) , ESTEP , MIN, EMAX

, GG, HH, II, p (4), NII{,XRAY(11),yRAy l1i)

.r,EÂL*8..[LØ__,yt(T) ,!.u.g (1i14!Ax 1í¡ 'xurru 
(r) ,y, F0,Fl , F2, F3,x__ F7(MÄX42,1),XBq(1),ESTEP,[iIN,EMAX'' 

.

H*, qD_.pE* II.ggrH.4, IL, I (4), ry.!, xRAy ( 1 1 ), yRAy ( 1 i )
CHARACTER DBVrC*7,tr0L'NÁr{*20,TRl4lr_qi?o,p0ñilrnxi0,SNAtrrE+20,ÁNSx1,CHARACTER DBVIC*7., trItlL'NAII*20 , TRNAIIB*20 , P(ìÑAIM*iO , SNAtrtE'

I TTTIÈ(4) iqrsT&Iry1*2l , STRTN2*21 ,vAL1*1 ,v AL2*7 ,X VATUES 19) *7. STRIN3*29 . sTR TN4*30 . GRTnP*1 4_ _yALUqq (Ð *7, STRTN3*29, STRTN4*30 , GRrDp'i 14
Lf)GICÄL FLAG.FLÀG2.FLAC3
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t;
C

C

U

DRÅI{ ÅXIS, IABEIS, AND TITTES F{|R PÀRTICI]T/IR POTDNTIÂL.

ISTEP=IDNINT (ESTEP)
IMIN=IDNINT (MIN)
il{ÀX=IDNINT(EMAX)
M0DE=3
CA,LL qSMODE(M0DB)

STA,TUS=P0PNPS 0
STATUS = PPS0TS (7,DBVIC)
DATA XRAY 11.0, 2.0, 3.0, 4.0, 5.0, 6.0,7.0, 8.0, 9.0,x io.0.. 11.01tt

DATÄ YRAY |L.0, 2.0, 3.0, 4.0, 5.0, 6.0, 7.0, 9.0, 9.0,
r0.0,11.0/

DD=10.0
BE=10.0
STATUS = PSSIIRF(DD.EE)
STÄTUS = PDSXY(i, 1í,XÍìÁY,YRAY)
STATUS = PDSVIS(1.0)
STATUS = pÀXLBS(t'.24.' I I / / I / / / / I I I t'\
STATUS = pAxLBS(z',2+',,'l 'l 'l 'l 'l 'l 'l 'l 'l 'l 'l 'l'1,,
STATUS = PSNCLR(3)
STATUS = PSNHGTI2)
I{RrTE (STRrN1, 5 )' rirrn
F0RIIAT(' V(MIN.)=',16,' Cll. ^-1' 

)
HRrTE(STRIN2,7) rMAX
F0RMAT('V(MAX.)=' ,f6, ' CM. ^-1')
I{RrTB(STRIN4,9) rSTEP
F0mlAT( TCIìNT0UR INTERVÄL=' ,16,' CM. ^-1')
t{RrTE(GRrDP, 10) P0rNTS,P0rÑTS 

'

F0RJ{AT(r2,' X ' ,r2,' P0rNTSr )
STÄTUS = PNOTES(1,0. 0,97 .0,9,'ilI)LECULE: | 

)
STATUS = PN0TES(1,0. 0,94.0,20,M0[NÄl{)
STÄTUS = PN0TES(1,0. 0,77 .0,15,'P0TBNTIAL TYPE: | )
STÄTUS = PN0TES(1,0. 0,74.0,20,P[)NÄME)
STRIN3 = I 0RTH(IN0RMALIZÁ,TI0N PR0CEDIJRE: I

STATUS = PN0TES (1,0. 0, 19. 3,29,STRIN3)
STÀTUS = PN0TES (1,58. 0, 19. 3, 20,SNAME)
STATUS = PN0TES (r ,0.0, íS .6, í5 , iTMUSÉOnUÄTI0N: 

' )
STÄTUS = PNOTES(1,30.0,15 .6,20,TRN,{ME)
STATUS = PNOTES(1,0.0, 10. 0,27,STRIN1).
STATUS = PNOTES (1,0. 0,6. 0, 21,STRIN2)
STATUS = PN0TES(1,0. 0,2.0,30,STRIN4)
ST¡,TUS = PNOTES (1,65 .0,2.0,74,GRIDP)
Nlllf=60.0
D0 30 I=1.NC00RD

rF ((r jr!E. FrR) .AND. (r .NE. SEC)) THEN
r{RrTB(VÄL 1 ,r2) I
F0R-MAT(r1)
HRITE(VALUES (I) " 15) XBO TI)
FORMAÌtF7.3)' "
STATUS=PNOTBS (1,0. 0,NIM, 1,' X' )

7

I
10

1.2
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ST.4,TUS=PN0TES (1, l- . 9, NUM, 1, VAL1 )
STATUS+NOTES (1,3. 8,NUilt, 1,' =' )
STÄTUS=PN0TES (1,6. 6,NUM, T,VALUES (I) )
NUI{=NUM-6.0

ENDIF
Ct)NTINUE
FF=29.0
GG=23.0
HH=100.0
II=100.0
STÀTUS = PSVIEI{(FF,GG,HH, II)
STATUS = PTÄHGT(1,4)
STATUS = PTÄHGT(2,4)
HRrTE(VÄ11,40) FrR
FOnJÀT(r1)
I{RrrE(vAL2,50) sEC
F0R$AT(r1)
STATUS = PTÄXS(1,1,' ')
STATUS = PXCFRIII(I,1)
STATUS = PPITITO
STATUS = PSNCLR(I)
STATUS = PSNIIGT(3)
STÀTUS = PNOTES (I,47.9,5. l, L, IX' 

)
STATUS = PNOTES(1,1.0,80.0,1, rXr 

)
STÄTUS = PN0TES(1,50. 9,5. 1, 1,VÄl1)
STATUS = PN0TES (1,4.0,80. 0, 1,VAL2)
Ii&IrE(TITLE(1), 60) xMrN(FrR)
FORMAT(F5.2)
HRITE(TrrLE(2), 70) XMrN (SBC)
F0m{aT(F5 .2)
ri&IrE(TrTrE(3),80) xMÄx (FrR)
F0RìÍAT(F5.2)
I{RrTE(TITLE(4), eo) xMÄx (SEC)
F0RrrÄr(F5.2)
STATUS = PN0TES(1,6.0,5. 1,5,TITLB(1) )
STATUS = PNOTES (1,0. 0,9. 5,S,TITLE(2) )
STÄTUS = PN0TES(1,84.0,5. 1,5,TITLE(3) )
STATUS = PN0TES(t,0.0,95. 0,5,TITLE(4) )

40

50

60

70

80

90

DRÂI{ Ct|NTflUR PT(ITS flF TM PÍ)TENTIÀT STI)RBD IN F7.

95
C

c
C

96 Z=0
D0 930 F = IllIN,IItÄX,ISTEP

STATUS = PSLCTR(1)
IF (F .LT. 0) THBN

STATUS = PSTCLR(2)
ENDIF
D0 927 I=1, (P(}INTS-1)

X= (I-1)*H9(FIR)+XllIN(FIR)
D0 920 J = 1, (P[IINTS-I)

Y= (J-1 ) *Hs (SBC) +XllIN (SBC)
FL.{G=. TRUE.
F0=F7(J, I)-F
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F1=F7 (J , I+1 ) -F
F2=F7(J+1,I)-F
F3=F7(J+1,I+1)-F
C=1
C1=0
IF IIFO*F1) .tE. O.O) THEN

xi(c) = ( 1 1x*rr-(Í1ne (FrR) )*F0) / (F1-F0) )-xrrrN (FrR) ) 
*

( n0 / lXlìlAX IFIR)-XMIN IFIR) ) )
y1 (c) ='(y-iilirN(sÊc) ) 

* (100/ (xuffi (Snc¡-xuiN(sBC) ) )
C=C+1

ENDIF
rF ((F2*F0) .LE. 0.0) THEN

x1'(c) = ()i-xMrN (FrR) ) 
* ( 100/ (xMAx (FrR) -xMrN (FrR) ) )

Y1 (C) -( ( (Y*F2-(Y+He (SEC) ) 
*F0) / (F2-F0) )-xrllN (SEC) ) 

*
( 100/ (XMAX (SBC) -xMrN (SBC) ) )

C=C+1
ENDIF
IF ((F3*F1) .tE. O.O) THEN

xi(c) =q (x+ue (FrR) )-xurnqnrR) ) 
* (100/ (xltlx (FrR)-

xMrN(FrR) ) )
Y1 (c) -( ( (V*I3-(!1t10_(sncD*q!)1(F3-F1) )-xrlIN (sDC) )*

(1oo/ (XMAX (SEC)-xMrN(SBC) ) )
C=C+1

ENDIF
IF ((F3*F2) .rE. o.o) rHEN

C1=1
x1(C):(((x*{? (xtl!9(FIR)) *Fz) 

1(F3-F2) )-XNIN(FIR) )x(îoo/ (xMÄx (FrR)-xMrN (FrR) ) )y1(c) =( (v+r!Q($Ec) )-xNrN(sEC) )* (i00.0/ (xì\rAx (sEC)-
xMrN (sBC) ) )

C=C+1
ENDIF
rF (c .NE. 1) THEN

FLAG2=. TRIIE.
rF (c .NE. 5) THEN

FLÄG2=. FÄLSE.
rF (z .NE. 1) THEN

P(1)=¡s¡¡(x1(1))
P(2)=¡B¡¡(Y1(1))
P(3)=REA[(X1(2))
P(a)=¡B¡¡(Y1(2) )
STATUS = PPLINB(2,2,P)
Z=I
FLAG=. FAISE.

ENDIF
rF (FrÄG) THEN

P'(1) =P ¡3¡
P (2) =P (4)
P (3) =¡P¡¡ (X1 ( 1 ) )
P(4)=sB¡1(vt (t) )
STATUS = PPIINB(2,2,P)
P (1) =P (3)
P (2) =P (4)
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P (3) =PB¡¡ (x1 (2) )
P (a) =¡s¡L (Y1 (2) )
STATUS = PPLINE(2,2,P)
Z=1

ENDIF
rF (c1 .NE. 1) THEN

Z=0
BNDIF

ENDIF
rF (FrAG2) THBN

FLAG3=.TRIJE.
rF (z .NE. 1) Tr{EN

FLAG3= . FALSE.
P(1)=¡s¡¡(x1(1))
P(2) =¡B¡L( Y1(1))
P(3) =¡¡¡L( x1(2))
P(4) =¡B¡L( Y1(2))
STÄTUS = PPLINE(2.2.P)
P(3) =¡B¡L( x1(i))
P(4) =¡B¡L( Y1(3))
STÀTUS = PPLINE(2,2,P)
P(3) =¡B¡r(x1(4))
P(4) =¡B¡L(Y1(4))
STATUS = PPLINE(Z,2,P)
P ( 1 ) =¡B¡¡ (X1 (2) )
P(2) =¡s¡L(Yr(2))
P(3) =¡¡¡L( xr(3))
P(4) =¡B¡t( Y1(3))
STATUS = PPLINE(2.2.P)
P(3) =¡¡¡L( x1(4))
P(4) =¡¡¡r( Y1(4))
STATUS = PPLINE(2,2,P)
P(r)=¡p¡¡( xl(3))
P(2) =¡B¡L( Yr(3))
P(3) =¡B¡L( x1(4))
P(4) =¡s¡r( Y1(4))
STATUS = PPLINE(2,2,P)

BNDIF
rF (FrAG3) THBN

P(1)= P(3)
P/2\ = P/4\
ÞlãJ =nlÀi'r xrrrll
P(4) =¡B¡L( Y1(1))
STATUS = PPLINE(2,2,P)
P(1)=¡B¡¡(x1(i))
P(2) =¡P¡L( Y1(1))
P(3) =¡B¡L( x1(2))
P(a) =¡B¡r( Yl(2))
STATUS = PPLINE(Z,2,P)
P(3) =¡p¡L( x1(3))
P(4) =¡B¡L( Y1(3))
STATUS = PPLINB(2,2,P)
P(3) =¡B¡L(x1(4))
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P (4) =¡P¡L(Y1(4) )
STÄTUS = PP-LINE(2,2,P)
P(1)=¡s¡¡(x1(2))
P(2) =REAL(Y1(2))
P(3) =REAL( xr(3))
P(4) =¡6¡t( Y1(3))
STATUS = PPIINE(Z,2,P)
P(3) =¡P¡t( X1(4))
P(4) =¡B¡t( Y1(4))
STAîUS = PPIINE(2,2,P)
P (1) =¡6¡¡(x1 (3) )
P(2) =s¡¡L( Y1(3))
P(3) =¡B¡t( x1(4))
P(4) =¡B¡L( Y1(4))
STATUS = PPLINE(2,2,P)

ENDIIFo

ENDIF
ENDIF

920 CONTINUE
Z=0

927 CONTINUE
930 CONTINUE

REÄD(*,932) ANS

e32 F0RMAT(41)
[{0DE=3
cAtL qSM0DE(MODE)

STÀTUS=PCLIÙS ( 7,'NNVTC¡
STATUS=PCLSPS 0

935 RETURN
END

C

C

C

suBR0IrrrNE MtlLPt)T(qEq, q,v,M0[NÄM,N,I{ASSES, [0RB)

INTEGER*2 N

REAL*8 V, q ( 1 ), qEq ( 1 ), DE1, RE1, lJI,GAlì{l{A2, SINH1, SINH2, SINH3, C0SH1,
x 412,Ä13,D82;RE2,AzL,^22,Ã23,DE3,RE3,A3L,A32,A33,RRL,RR2,
x vR1,vR2,VR3,VDrÄ,T,rNT1,rNT2,rNT3,X,Y,Z,HBÄR,C,GAMMA1,C33,
X GAI!ßIA3,TANH1,TANH2,TÄNH3,S1,52,53,VI0,C7,C2,C3,C1L,C?2.,
x c12 , c13 ,c23 ,ctrt,c222, c333 ,cr72 ,c1.22, cL 13 , c133 ,c223 ,c2_33 ,x c123,c1111,c2222,c3333,c1712,cr722,,c1222,c1113,c1133,c1333
x c2223 ,C2233, C2333 ,Cr1"23 ,C7223, C1233 ,C22222, V3XYZ , P , PI , RR3 ,x c0sH2,c0sH3,MASSES (1)

CHARACTER M{)[NAM*zO, L[]RB* ]-

The Itlurrel, Carter, ild Ilalonen Potential for IICN<->CNII (Jour-
nal of Molécular Spectroscopy 93 p.307 1982) is used. The force
constants are such that the potential is in eV. This is first con-
verted to aJ. (1 eV = 0-160228-18 Joules = 0.76022 aJoules.) This
potential is cònverted at the end to cm^-1. The conversion factor

C

C

C

C

C

C

C

C
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U

C

t;
C

is E(cm.^-1) = (LÐ-2012*PI*ffiÀR*C). Ä11 constants are in SI units
Equilibriun coordinates fou-nd by printing q's nhen V at its min-
rmum.

CNH

Diatomic part of the potential.

DÄTA DE1 12.85211. DE2 17.92821. DB3 /3.9938/
DÄTA RE1 'lr.OB23'1. nnZ '11.7778'1. nn3 '1r.0370'l

DATÄ Ä11 '15.5297'l'. Lzt'15.2448'1. lsr '13.0704'l

DATA 412 '18.71.66'l'. Ã22'17.3416'l', A32 7o.OOOO7
DATÄ 413 '15.3082'l', 1.23'14.9785'1, l$ /0.0000/
RR1=Q (1)_REl
RR2=Q (2)_RE2
RR3=0 (3)-RE3
vRt=lDEí* (1+41 1*RR1+412*RR1**2+413*RR1**3) *EXp (-41 1*RR1 )
VR2 =-D E2 * ( 1 +,{ 2 1 

* RR 2+ A22*kR2* * 2 +A 2 3 
* RR2 * * 3 ) 

* EX P ( -Ä 2 1 
* RRz )

vR3=-DE3 * ( 1 +43 1 
*RR3+432*RR3* * 2+433*RR3**3 ) 

*EXP (-43 1 
*RR3 

)
VDIAT=VR1+VR2+VR3

Triatomic part of the potential.

N=3
M0[NAtr[= I HCN <->
MÀSSES(1)=r.O
MÄSSES (2)=r2.0
MASSES (3) =14.0
qEq(i)=t.o6s¿g
qEq(2) =1.75321
qEQ (3) =2.2787

C

C

C

C

C

C

DATA rNTl 1r.96071, INT2 12.27941, INT3 11.86871
x=q ( 1)-INT1
Y=q (2)-rNT2
Z=0 (3) -INT3lliÀ Énnn /1.05489r980D-84/, c 12.99292b010D8/
DATÄ GArßr[t 13.97421 , GArrrrA2 l4'.36881, GÁlrtrrÄ3', 11.51761
51¡¡11= (EXp (dAlfi{Ai *X/2) 

-EXp (-(Cmmr *X 
I 2) \ ) I 2'

5 1¡q¡12= ( EXp ( cAMMA2*y/2 ) -EXp (-( CmnnZ *y 
I 2\ \ \ I 2

5 1¡1¡3= ( EXp ( GA[ßrÄ3 * Z I 2) -EXp (- ( GAMMA3 *Z 
I 2J \ ) I 2

6 g 5¡¡ 1 = ( EXP ( CAIIIIA 1 
*X/ 2 ) +EXP (-( GAmIA 1 

*x l 2\ \ \ I 2
ç¡5¡12= (EXP (GÄMIÍÄ2*Y/2) +EXP (-(GAMMA2*Y l2\\\ l2
6 s 5¡13 = ( EXP ( GAIIIIAs * z I 2) +ExP (- ( c AllMA3 * z I 2) ) ) I 2
TANHl=SINH1 /C0SH1
TÄNH2=SINH27Ct)SH2
T,{NH3=SIN}I3 /C0SH3
sl.=0 . 4436*Xî0-. 60g1 *Y+0 . 6575*Z
S2=-0 .8941*X+0 . 2498*Y+0 .3718*Z
S3=0 .0622tX-{ .7527*Y+0 .6554*Z
DATA VrO l-3.05781
DÄTA C1 11,.90761. C2 14.5008/. C3 /-O.01491
DATA C11' l0.66eîi, C2:2 l-13fi81, Ca3 l-r.}Eci]l, C1.2 10.26e81
DÀTA C13 /-1.1.1201. C23 /1.9310/. C111 14.08771. C222 10.00441
DÂTA C333' 10.07 l,' C1.72 10.08981',' Ct22 l-r.01861"' C11.3 14.0s11,'l
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P+T4 ç1qq 10,.00\7l L,c2?1 10.4Þ6712 c23q 14.q840/ ' c723 10.33331DATÄ C133 10.00171, C223 10.45671, C233 /-0.8840/, Crz
DÀTA c111t' 14.0J6T I . czz:zz 10.+\zt¡. cggss to.z\e+t
n¡,rn crrr2 '14.00rr'l', c11.22 '¡-t.zztsi , crz2z' 14.r2BT l
DATA _C111t 14.03671, C2222 10.48211, C3333 10.25641
n¡,rn ctrr2 '14.oon'l', c11.22 'l-t.zzlsi , crz2z' 14.r2B
DATA c111s 70. tzsgl'..c1133 14.0J991'.'c1338 14.1447DATA C1113 /0.77591, C1133 14.03991. C1333 14.14471
DLTÃ C2223 

'14.31.47'l . C2233' 10.1.233'1. CZ¡g¡ '10.31611'

DATA C1123 '10.0919/'. 'C1223 
t-n .OgS+'t. CrZSs 't0 .7778't

DILTÃ C2223 14.31.471. C2233 10.L233'1. C2333 
'10.31611

DATA C1123'10.0919 l',' C1223 14.0954'l', C1233'10.1.778'lDATA C1123 l0 .091e 1',
DtîL c2zzzz' 14.ßbzDÃTL C22222 14.1D^'.IL Q22222 /4.18921
v3xyZ= ¡r-rniur; * ¡r-ÍltrHz) * (1-TANH3) *vI0
P= 1+C1 *S 

1 +C2*S2+C3*S3+C1 i *S 
1 
**2+C1 2*S 1 

*

C

C

C

C

C

C

P= 1+C 1 
* 

S 1 +C2 xS 2+C3*S 3+C 1 1 
* 

S !* * 2+CI2*S 1 
* 

S 2+C 1 3 
t 

S 1 
* 

S 3+C2 2* SZ** 2+C2
X S2*S3+C33*S3**2+C1 1 1*S 1 

*t3+ C222*52**3+C333*S3**3+C1 12*S2*S 1 
*x2

x c1 22*S 1*S 2**2+C773*S3*S 1 
**2+C1 33*S 1 

*S3**2+C223*S3*S2**2+C233xS
x s3t*2+c123*S 1xS2*S3+C1 1 1 1 

*S 1*x4+ C2222*52**4+C3333*S3xx4+C1 1 12xx s2*s 1**3+c1 1 22*S 1 
**2*52**2+ C1222*57*S2**3+C1 1 1 3* S3*S 1 

* *3+C1 133
x s 1 

**2*s3x*2+cl_333*S 
1 
*S3**3+C2223*S3*S2**3+C2233*S 2* *2*S3**2+

X C2333*S2*S3**3+C1 1 23*S2*S3*S 1 
**2+C1 223*S 1 

*S3 * S2**2+C1233+S 1 
*S 2

X S3**2+C22222*52**5
V3XYZ=V3XYZ*P

Total Potential

V=VDIÄT+V3XYZ
V=0. 16022xV
PI=ÄC{IS (-1 .0)
Y Y1 (t .00-20'l (2*PI*HBAR*C) )
RETURN
END

SUBR0IIIINE TOJÀC (y,N,MAX4,TÐMp1,TEMP2)

INTEGERI2 N,MÄX4

C

C

U

U

C

C

C

C

C

C

REAL*8 Y(MAX4, 1),TÐMpl (MAX4, 1),TEMP2 (MAX4, 1)

suBR0lIrINE FRI)MJA (y, N, MAX4, TEltp 1, TBMP2, TEù1p3, TEMP4, EXTRA, TRNÄMB)

INTEGERX2 N.MA.X4

,Ì,8ÄL*8-Y.(.l144L,l),rpMl1_(l!4x.+.,L),TBMP2(MAx4,1),rEtrrp3(MAX4,1),
-IE!{P4 

([r4r1, 1) , EXTRA ([rAX4 , 1)
CHÄRACTER TRNÄME*2O

CATCI]TÄTE TÄRCET (8.G. PÛTÄR) C(|(IRDINÄTES FRÍ]M BIII CÍ)Í)RDINÂTBS.

RETURN
END
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cÄrcurÄTE BRr C(]I)RDrNÄTES FR0[r TARGET (8.G. P0rÄR) C00RDrNÄTBS.

TRNÄÀÍE='BÄS. INVARIÄNT (CH.{) |

RETURN
BND

suBR0IIrrNE SEPTAR (X, q, qEq, N, S, F9, VEq, MÁ,X4, TEMP 1, TDMP2, TÐMp3, TDilp
X FIR,Y,XFIR,SEC,XSEC,XEq,M(]LNAM,EXTRA,TRNA,NB,
X MÄ,SSES . I(]RB . ERR[)R)

INTBGER+2 FIR. SEC.MÀX4.N
RBAI*B y r,V2, inrn(r ¡, Q (1), qEq ( 1), V, S (MÄX4, 1 ), VEo, X ( 1 ), XSBC ( 1 ), F9
x TEltPl(MAX4,1),TEIìIP2(MAX4,1),TEMP3(MAX4,1),TEtrip4([rAX4;1),
x xEq(1),EXTRA(MAX4,1),Y(MAX4,1),NASSBS(1)
LOGICAL ERRtlR
CHÄRACTER }IOLNAM*20 , TRNÄ.trIÐ*20 , LORB*1

CÀLCULÂTE SEPÄR,IBTE PI)TENTIÄIS Ft|R EÄCI CÍìI|RDINÄTI.

C

C

C

C

C

C

C

C

C

C

C

C

C

BXTRA,

EXTRÄ,

)

EXTRA,

)

EXTRA.

rF (((FrR.Lq.2).AND. (N.Eq.3)) .0R. ((FrR.LE.3) .AND.x (N .Eq. 4))) THEN
CALL FNV(XFIR,N, S,V,ÈlAX4,TEMP1,TBMP2,TEltp3,TBNP4,M0LNÄN,

x TRNÂME,Y,qEQ,q,MASSES,L0RB,ERR0R)
V1=V-VDQ

ENDIF
rF (((FrR.Eq, q) .ÄND. (N.BQ.3)) .0R. ((FrR.Bg.4) .AND.x (N .Eq. 4))) THBN

CALL FNV (XFIR, N, S, V, trtÄX4, TEMP1, TBil{P2, TEMP3, TBI\{P4, M[)[NÄlì{,x TRNAME,y,qEq,q,MÄSSES,[0RB,ERR0R)

_. v1=(1.0/(ICl)l{(i)1.1.ql(x(?).!r(2) )) I Q.0 I (xlq(1)*xnr|(1)x +r.01 (xBq(2)+xEq(2)))*(v-vEQ)
ENDIF
rF ((FrR .Eq. 5) .AND. (N .Eq. 4)) THEN

CALL FNV(XFIR, N, S, V,}IÄX4,TEMP1,TEIIPz,TEMP3,TEilIP4,NI]LNAM,
X TRNAME, Y, qBQ , Q , MASSES , L[)RB , ERRÍ)R)

.. vl=(1.0/(IC1)1_{(Ð.1.q/(x(q)i\(3) ) ) I Q.0 I (xlq (1) *xDQ(1)
x +1.0/(xEQ(3)*xEq(3)))x(v-vBQ)
ENDIF , \

rF ((((sqc.rE1.2) ,{ND.(N.E[.3)) .0R. ((SEC.18.3) .ANDx (N.Ð8.4))).A,ND. (.N0r. ERRoR)) THEN
cÄLL FNV (XSEC, N, S, V,MAX4,TBMP1,TEMP2,TEltp3,TEltp4,ilOlNi\ilI,

x TRNÄME,y,qEq,q,iltASSES,IORB,ERROR)
V2=V-VB8

ENDIF
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rF ((((sEc.Eq,3) .ÄND. (N.Eq.3)) .0R.((sBC.EQ.4) .AND.
x (N .Eq. 4))) .ÄND. (.NOT. ERROR)) rHEN

cÄtt FNV (XSEC, N, S, V, MAX4, TEMP 1, TEMP2, TEMP3, TÐMP4, MI)LNAM, EXTRA,
x TRNAME,Y,qEq,q,MASSÐS,LÍ]RB,ERR0R)

v2= (1 . 0/ (x ( 1 ) 
*x (1 ) ) +1.0 I (x(2) *x (2) )) I G. 0/ (xEq (1 ) 

*xDq ( 1 ) )x +1.0/(xEQ(2)txEq(2) ))*(v-vEq)
ENDIF

C

C

C

C

C

C

C

c

rF (((sEC .Eq. 5) .AND. (N .Eq. 4)) .AND. (.N0T. ERROR)) THBN
CAtt FNV (XSBC, N, S, V, MÁX4, TEMP 1, TEMP2, TBMP3, TEMP4, I\IOLNAM, BXTRI|,x TRNAtrÍE,Y,qEq,q,ilL{SSES,t0RB,BRR0R)
v2= ( 1 . 0/ (I C1) 

*x (1 ) ) +1 . 0/ (x (3) *x (3) ) ) / ( 1 . 0/ (xEq ( 1 ) 
*xBQ ( 1 ) )x ìi. tÍl (xb((s)xiÉq (B) I)* 1V:vnq) 

/ / / t \ ' \

BNDIF
rF ((FrR .Eq. 6) .AND. (N .Eq. 4)) THEN

V1=0.0
BNDIF
IF ((sEC .Eq. 6) .AND. (N .Eq. 4)) rHEN

V2=0.0
ENDIF
F9=V1+V2
RETURN
END

SUBROIIIINE DIFF(X,8,qEq,N,S,F9,VEq,MÄ,X4,TEIIÍP1,TEtr{P2,TEMP3,TDMP4,
x FIR,Y,XFIR,SEC,XSEC,XEq,ill0lNÄilI,EXTRA,TRNÄME,
x MASSES,X2,L0RB,ERR0R)

INTEGER*2 FIR. SEC.MAX4. N

REAL*8 V r,V2, irrn(r¡, Q (1), QEq ( 1), V, S (trrÄX4, 1 ), VEQ, X ( 1), XSEC (1), F9x TEMPl(MÄX4,1),TEMP2(MAX4,1),TEltp3(MAX4,1),TElip4(NAX4;1),
X_ _ - IE_q ( 1), EXTRA (MAX4, 1 ), Y (lrfÄX4, 1 ), lrlÄSSES ( 1), TI}TAL, X2 ( 1 )
TI}GICAL ERRI|R
CHARÁ.CTER trf OINAMX2O . TRNAME*2O . LORB*1

CAtCUt/tTE DIFFERENCE BBII{EEN T0Tltt ÄND SEPÄRABLE PÍITENTIÀLS (I.8.
N0N-SEPARÄßIE P0TDNTTATS) .

cAtL FNV (X2, N, S, V, MÄX4, TEMP1, TEMP2, TEMP3, TEillp4, M0[NÄil{, EXTRA,x TRNAME,y,qEq,q,MASSES,L0RB,ERR0R)
T0TAL=V-VE0
rF ((((LrR'.!q..2) :AND. (I .8A.3)) .0R. ((FrR.rB. 3) .ÄND.x (N .Bq. 4))) .AND. (.N0T. BRROR)) THEN

cAtt FNV (¡rltrf N, S, V, ilfÄX4, TEMP1, TBMP2, TEMP3, TEMP4, MOINAM, EXTRA,x TRNÄIIE, y, 
QBq , g 

, MASSES , L[]RB , ERR0R)
V1=V-VEQ

ENDIF
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,.rF ((((Lr¡.pq..3) :_AND. (N .EA. 3)) .0R. ((FrR .Eq. 4) .AND.x (ry_-pq, 4))) .AND. (.N0T. nnnOn)) THBN''
,. cArL FNVJIILL\1S:y:[r4X_4'TEIfll_'T_BIrp_2-,TÐìrp3,TEMP4,M0LNAM,BXTR/I,X TRNAME,Y,QEQ, q,MÄSSBS,LORB,ERROR)

v1=(1.0/(I(1) *x(1))+1.0/ (x (2) *x(2))) I 0.0/ (xBQ (1)*xBQ (1))

ENDIF
IF (((FrR.Bq.5) .AND. (N.Eq.4)) .AND. (.N0T. BRR0R)) TrrBN

CALL FNV(IIIBT\,Sr:/:ilfAx.+:TpIr!1;Tplrp?.,lput3,TEtrrp4,il[lLi{lu,BXTRÄ,
x TRNAIIE,Y,qBq,q,MASSES,L0RB,BRROR)

v1= ( 1 . 0/ (x ( 1 ) 1{ ( l_D.1 ..q1 (x(3)i\(B) )) I G. 0/ (xBQ ( 1 ) 
*xBQ ( 1 ) )

ENDIF

,.rF ((f(sqc^.r.p,.2),,{N0..0i,Et 3)) .0R. ((sEC .LE. 3) .AND.x (N .Bq. 4))) .AND. (.NOT. ERRúri)) rr{BN'
,. cArr FNVJI!.B.L\,SrJrrf4x.4¡TEIrflrT_DUP2,rEtrrp3,TBMP4,trrOLNÄM,EXTRÄ,
x TRNAME, y, qEq , Q , MASSÐS , LORB , ERROR)

V2=V-VEQ
ENDIF

..rF ((f(sqc^.8Q,.3),,{ND..0!_.8q.3)) .0R. ((sBC .Brl. 4) .ÅND.x ^.(ry .B_q.. 4_)_)) .A-ND: (.N0T. BRRúfi.)) TI{EN'
CALL FNV(I$F.Ç*\,SrI/rtr4x.4¡Tplrll_,TIUp_zrIpUl3,TBMP4,M0LNAM,BXTRA,x TRNÄME, y, qEq , Q , MASSBS , L0RB , ERRÍ]R)

.. Y2=(1.01(IO*x(1))+1.0/(x(2)*x12)))/(1.0/(xEq(1)*xBQ(1) 
)X ì1.ó/(XE0(2)ì'XEq(2)i)t-qV:voq)'/'t \ / \

ENDIF
IF J,((!qq',p.9^._I)...4N1. (ry .E_q, _4)) .AND. (.NOr. ERROR)) TrrBN

.. CALL FNVJI$E^q:N,S,V,MÄX.4,TEII!í;I_EIfp?,T_EìtLp3,TBMP4,nûLrulu,BXTRA,
X TRNÄMD,Y, QBq,q,MASSDS,L{]RB,DRROR)
.. Y 2=( 1 . 0./ (I (1) l{ (.Ðl:1 ..ql (x(?):(3) ) ) / (I |0 I (xnt| ( 1 ) 

*xntt ( 1 ) )x +1.0/(xEQ(3) *xEq(3) ))*(v-vEq)
ENDIF
IF (((FrR.Eq.6) .AND. (N.Eq.4)) .AND. (.N0r. ERROR)) THEN

cAil FNV($ l.l* \, Sr y.: M4xS 
i Tplrl ÍrT_EI{p?r tE¡rp 3, TEtrrp4, u û íntnr, BXTRA,X TRNAI|IE,Y, qEq, q,MASSES, L0RB,ERR0R)

V1=V-VEQ
ENDIF
IF (((SEC.Bq.6) .AND. (N.Eq.4)) .ÄND. (.NOT. BRROR)) TrrBN

., CALL FNVJI]IP.ç:N,S,V,MÁX.4:T^BIrlí,I_Bup_zrIpìry3,TEtrrp4,nrûliulr,DXTRA,
x TRNAME,Y,qEq,q,MASSES,L0RB,ERR0R)

V2=V-VBQ
ENDIF
F9=T0TAL-(V1+V2)
RETURN
END

,.SUBR0InINE qEQXBq.ßqq 
'-&Pg , !!, !-QRB , Y , MAX4 

' 
0 , TEIIP 1 , TENP2 , TBMP3 , TBtrlPX ÐXTRA,TRNAMB,X)

INTBGDR*2 N,MAX4,A

C

C

C

C

U
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C

C

C

C

C

C

c
c
c
C

C

C

C

C

C

REAL*8 qBQ ( 1 ), RBq ( 1 ), y (ilAX4, 1), X ( 1),TBilp1 (MAX4. 1 ) . 0 ([tAX4. 1 ) .

^lp\Ip?(¡l+_{4, 1 ),Ip¡ry3 (MAx4, 1 ), TErrp4 (rrÀx4, r ), nirm (rrÄi4', i )
CHARACTER TRNAME*zO . L[]RB*I

TRANSFI)RT EqIIITIBRII]M B(]ND DISTÀNCF,+{]ND ÄNGIE CÛÍ)RDINÀTES Ttl
EqIIITIBRII]H TÅRGET CÍIÍ)RDINÄTES.

cÄtt FSIIURC (QEq, REg, N, L0RB)
cALt F(]RM(RBq,Y, N,MAX4)
A=1

ç+!! IlIgBll (I, !!, 4, _0, !!AIa, TEil{p 1, TEMP2, TDMP3, TEMP4, BXTRA, TRNAilTB)
cÄLt Ft)RìfrN (Y, x, N,MAX4)
IF (N .Eq. 4) THEN

CALL TOPHr(X)
ENDIF
RETURN
END

--suBROljTINE FNV ( X, N, 0, V, MAX4, TEMP 1, TEMP 2, TEMP3, TEltp4, tr{O LNAlt,x EXTRÄ, TRNAiltB, y, qEq , q 
, MASSDS , L0RB , nnnt)ni

INTEGER*2 N,MAX4,SIZE,A,D
REÄ[*8 V, 0 (MÄX4, i ), X ( í ),V(UnX+, 1), TEMPI 0tAX4. 1 ) . TBMP2 íMAX4. 1 ) .

I SCALÁR,TEMP3(MÁX4,1),TEMP4(MAX4,1),EXTÍtA(itU+,r),QnQ(r),
x_ q(1),MASSES(i)
TI]GICAL ERRtlR
CHARi,CTER MOLNAM*2O , TRNAMBX2O , [t]RB* 1

TRÂNSFÍ)RII CT]RRENT SET f)F TARGET C[)[)MINÂTES TI) BtlND DISTÄNCI
CIìÍIRDINATES ÄND CATCI]TÄTE PÍITENTIÄT VÄLUE.

D=N-1
SCA[.{R=0.0

ç41,! u4Tqç4 (Ip!!t2, qqA_LARJ TEMP1' D' MAx4)
cÄtt ASSTGN (TElfpl , rnltpz . D . MÄx4 j
rF (N .Eq. 4) THEN

cALt FRIIMPH(X,ERR0R)
ENDIF
cÄtt F0Rlf (x,TEMP1, N, MAX4)
A,=2

ç+!1, TeI.q$!! (Ip!!l 1, |J, {, 0, !!4x4, TBMP2, TEMP3, TEMP4, y, ÐxTRÄ, TRNAMD)
CÄLL FI]RJÍIN (TEMP1 . X. N : MÄX4)
CÄtt TS(]URC TX, O, ¡I, LONB. ERRíJR)
rF (.NOr. ERRúR) THEN

-..{ALL 
M{)LP0T(qEq,q, v,M0LNÂM,N,}IASSES, L0RB)

ENDIF
RETURN
END
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Appendix C

Fortran-77 Source Code lor NUMROV

$NÛFLt)ATCATLS
$ST0RÄGE:2
$LARGE
t;

õ
C

PRt]GRAM IIAIN
C

C

c TIIS pR0cRÄ]f S0rvES TIIE F0tt0t{INc EquÄTI0N:
C

C
or)

Ç [,t(") d'ld*'+ B(x)d/tlx] ,1,(*) = [v(x)-n] /(x)
C

C

INTEGBR*2 ALG, ECI]UNT, IBC, ASIZE, [IAX1, BSIZB, P(] INTS, PSIL{IV, PS IUPP,x sq,uBc

.REAL*B.Äfqgg1),8(lggl),y(Þ09-1)r$rlN*41!4{,tI,Ðlr!?EUAI,ETVAL (70,2),
I nr¿Tfqgql)¡zu4l(500-1).,u(5001),R(500i) ;s(50ó1),r(soor¡ )x FUNCT(5001),P0TÄ1,MINVAL
CHARACTER ENAME*20, FNAME*2O, ,{N,{IÍE*18, BNAME*18, VNAME*20
Tt]GICAL ERRI)R

¡\SIZE=5001
BSIZE=70

5 CALL I{RTTBT(25)
I/RITE(*,*) 'GrVE THE NUMBER 0F GRID P0INTS. r

C

C
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10

REÁD(*,*) P0TNTS
CALL I{RTTEL(5)
IF (P[]INTS .cT. ASrZE) THEN

I{RITE(*, *) | *** ERRIR *** '
I{RITET*. *)
trlAXr=ÀSÍZÉ+t
VRITE(*,10) MAX1

Ft)RMÁT_( ' !0INTS MUST BE LESS THAN ' ,r4, ' . ')
CAtt WRITET(10)
CAtt H[)LD
Gt]T(] 5

BNDIF
I{RITE(*, *) 'GIVE XMIN. I

READ (* , 
*)'XMIN

cALr.I{RrTEL(5)
I/RITE(*. *) ÎGÏVE XMAX. '
READ (*,'í,)'XIÍAX
u-(4q{x LMrN) / (P0rNTS-1)
cÀLL HRTTEL(25)

CALI ABCALC(4, B,POINTS,H, XllIN,AN,AlÌlE, BNAMB)
CALL VCÄLC(\i,p0ÍNTS,H,iMÍN,SQ ;p0TÄ1,nrumn, VNÄMD)

,cALt sETqp_Q,_B ,4!_Q., EMI.N_, EMAX , FNÄMB , LBC , UBC , 
p0INTS 

, PSIL0I{ ,X PSIUPP,XMIN.XMAX)

.cÄrr Nulr&qypurryrELÍ4l 
? Iililry¿4llÄX, 

p0rNrS 
, A, B, V, LBC, UBC, pSrl0r{,.

I r$ryt,p.Q,ply4_1,_EqI?E,Eq0{NT,u;r;n,s,vnrnf,zMÁr,FrrNCf,
x- _ aLG,FNAME,ERR0R,P0TAI,MINVAL,H)

.cÄrr EVr-pI(pJyal,sr_?g,p\4uq,,n_c_0urg,qnft0R,n0rNTS,xMrN,xuAX,ÄNÄME,
x^_^_ BNAME, VNAME, Etr[rN , BMÄX, tBC , UBC)
STt)P
END

stßR0trrrNE sETIlp (Ar.B.r4Lg-rp!!IN, EMAX , FNÄME, LBC , UBC, p0rNTS 
, 
psrL0u,

X PSIUPP,XMIN,XMAX)

TIIIS SI]BRÍIUTINE PR[)}ÍPTS TM USER FflR TIID I]PPER IIt]IJNDÄRY Cf]N_
IITI.OII,_I4E TOI{ER ßÍIIINDÄIÌY CIìNDITION, ND TM MINIMUM ÅND MÄXIMT]M
EIGENVÄTUE LI}TITS.

INTEGER*2 ALG , LBC , UBC, P[lINTS , PSIII)H, PSIUPP , I
&E4L*q A(1),8(1),UUrru,nUlX,Xi{rN,XilÄi
CHARACTER FNAIÌE*20
LI]GICAT ERRI)R

C

C

C

C

C

C

C

C

C

C

C

C

C

C

c
C
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I
<)

10
20

ERR0R=. FÄLSB.
ÄLG=2
D0 5 I=1.P0INTS

rF ((ABs(B(r))) .GT. 0.0) THBN
ALG=L
G0T0 10

ENDIF
CÛNTINUE
cÄLL IiRTTEL(20)
HRITE(*,*) i CHt]t]SE UppER AND t{)t{BR BI]UNDÄRY C0NDITT0NS FR

X0lt[:l
cÀLL WRTTEL(2)
I{RITE(*,25) XMTN,XMAX
F0mßT(r 1.)PSI(r,F10.3,')=0.0 0R PSI(',F10

X.3,') =0.0')
I{RITE(*,30) XMIN,XMAX

,.L0LMAI(.'. ?i) dPsr/dx("F10.3,') = 0.0 0R dpsr/dx('
X,F10.3,') =0.0')
I{RITE(*,35)
F[)R]IAT( I 3. ) FR(}BBNIUS BXPANSII]N t]F PSI AT AND NEAR TI{E B

XOUND.').
I{RrrE(*, 36) XMIN, XMAX

F0RJIAT(t 4.) PSI(r,F10.3,') = PSI(',F10.3,') AND')
r{RrrE(*;37) XMTN,ÍMAX'

F.0.RMÄT( | dPSI/dX( | ,F10.3,') = dPSI/dX( | ,F10.3,') = 0.
x0r)
I{RÍTE(* ,38) XMIN, XMAX
F0RIIAT(r 5.) PSI("F10.3,') = PSI("F10.3,') = 0.0 ÄND

x')
I{RrTE(*, 39) XMIN, XMAX

_1q$4I_C__ . dPSI/dX(r,F10.3,') = dPSI/dX(r,F10.3,')')
cÄrr I{RITET(10)
rF (.N0T. ERR0R) THEN

HRITE(*,*) 'À.) GrVE THE L0I{ER B0tiND C0NDITr0N. '
READ(*,*).IBC
cArr WRTTEL(3)
rF ((LBC .Eq. 3) .AND. (Arc :Eq. 2)) THEN

HRITE(*,*) r*** ERR¡I ***'
I1IRITE(*, *)
HRITE(x,40)
F(]RIIAT( ' THE FRI]BENIUS EXPANSION AT THB L{]I{ER BI]UND IS Ft]R L

XE0ENDRE TYPD EqUATT0NS 0NLY. ' )
cÄLr I{RrTEr(10)
CATI HÛtD
CALL WRTTEL(25)
GOTO 20

ENDIF
rF ((LBC :GE_. 6) .OR. (LBC .EQ. 0)) rHEN

WRITE(x,x) rì<+x ERROR x*xl
WRITEI*.*)
HRITE(*ì45J

F0RMAT( | Yt]U CHI]SE A B0IJNDÄRY C0NDTTIIìN THAT DtlES NOT BXIST.
x')

30

35

36

37

3B

39

40

45
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50

cÄrr HRTTBT(10)
CÀLL HOLD

cALt WRITEL(25)
G0T0 20

ENDIF
ENDIF
WRITE(*,*) '8.) GIVE THE UppER BOUND CONDITION.'
READ(x,x) UBC
CALL WRTTEL(5)
rF ((uBC .EQ. 3) .AND. (ALG .EQ. 2)) rHEN

ERR0R=.TRIIE.
I{RITE(*, *) | *** ERR0R *** |

HRITE(*. *)
I{RrrE(*;5Ó)
F[)R]IÁT( I THB FROBENIUS EXPANSION AT TIIE UPPER BtlT]NÐ IS Ff]R LEGE

XNDRB TYPE'EqUATTONS 0NLY. ' )
cÀLL r{RrTBr(10)
cÄtt HtìtD
cALt I{RITEL(25)
G0T0 20

BNDIF
rF ((uBC .GE. 6) .0R. (uBC .Eq. 0)) ÎHBN

ERR[)R=. TRUE.
HRITE(+,*) r*** ERR¡R ***r
I{RrrE(*, *)
I{RITE(x,55)
F0RilÁ,T( | Y(lU CH0SB Á, B0UNDARY C0NDiTr0N THAT D0ES N{]T EXTST. ')

CALL I{RTTEL(10)
CATL HtlLD
0ALL I{RTTEL(25)
G0T0 20

ÐNDIF

55

cArr WRTTEL(10)
CAtt HIìLD
cÄrr WRTTDL(25)
G0T0 20

ENDIF

IF (((!_Bç.8q.4).0Ì,. (uc.Eq.4)) :AND. ((uBC.NE. rBC) .AND.x ((uBc .Nn. 5) .ÄND. (rBC .NE. 5)))) THEN
I{RITE(*, *) | *** BRRSR'*** '
I{RITE(*, *)

I{RITE(*,*) 'B0IINDÄRY C0NDITT0N 4. ) ÀppLrES T0 B[]TH B0IJNDS SrMUt
XTANEOUSLY ! ! I

rF (((LBC .Eq. 5) .0R. (uBC .Eq. 5)) .AND. ((UBC .NB.x ((uBC .NE. 4) .AND. (LBC .NE. 4)))) THEN
l{RiTE(*,*; t x** ERR¡R'***t
I{RITE(* ; 

*)

IriRrIE(*,*) 'B0UNDARY C0NDITT0N 5.) AppLrBS T0 BtlTH
XTÄNEOUSLY ! ! I

cArL HRTTEL(10)
CALI H(ILD
CALL HRTTBL(25)
G0T0 20

rBC).AND.

BOUNDS SIMUT
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OU

ENDIF

.rF (((rDç._8q.4) .0R. (uBç.Eq.5)).ÄND. ((LBC.NB. UBC) .AND.x ((LBC .Eq. 4) .0R. (LBC .Eq. 5)))) THBN
I{RITE (* , 

*) | *** ERR¡R *** '
I{RITB(*, *)
y_RJ]LE(*,*) ly0u CANN0T cHOOsE c0NDrTr0N 4. ) FOR ONB B0rrND AND C

X{)NDITI(}N 5. ) FOR THE Í)THER. I

CA.LL HRITU,(rO)
cÄtl H0rD
cÄrr HRTTBT(25)
G0T0 20

ENDIF
PSIL0H=3
PSIIJPP=3
rF (LBC .Eq. 3) THEN

_.H&ITp_(*-, i) 'GrVE THE NUI{BER 0F VALUBS 0F psr (ÄT THB L{]I{BR BOUN
XD) Ttì BÐ CATCT]IATÐD BY THEI

!&lTÐ(- , 
*)_ , FR0BENTUS EXPÄNSrON. (MUST BE GRBA,TER TrrAN 1 . ) '

READ(*,*) PSIL0W
CALL I{RTTEL(5)

ENDIF
rF (PSIr()V .rT. 2) THEN

WRITE(*,*) r*** ERR¡R ***l
I{RITE(*, *)
HRITE(*,*) 'AT LEAST TI{t) VALUES 0F pSI AT THE L0I{BR B0UND MUST

XBE CÁ.ICTJIATED BY THE '
HRITE(*, *)' FROBENIUS EXPÀNSION.'
cArr I{RrTEr(10)
CÄtt H[]ID
CALL I{RITDT(25)
G0T0 60

ENDIF
IF (UBC .Eq. 3) THEN

-._.Ii&rlE_(ii)-_'_cIVE rHE NUMBER 0F VALUES 0F psr (AT THE UppER B0UN
XD) Tt) BE CALCUIÄTED BY THE'

I&lT9(- ,:)_ ' FROBENTUS EXPANST0N. (rfUST BB GRBATER rrrÄN 1 . ) '
READ(*, *)'PSIUPP
cÄrr I{RTTEL(5)

ENDIF
IF (PSTUPP .rT. 2) THEN

I{RITE(*,*) r*** BRRSR ***'
I{RITEI*. *)
I{RrTn(*'*) 'Ar LEÄST TI{0 VÂLUES 0F psr AT THE UppDR B0UND MUST

XBE CALCI]LATED BY THE I

I{RrTE(*, *)' FR0BENIUS EXPANST0N.'
cÁ,tt I{RTTEL(10)
CAIL H{]ID
cALr WRTTEL(25)
G0T0 65

ENDIF
cArL HRTTBT(20)
HRITE(*,*) 'GIVE MIN. TIMIT Ft)R EIGENVÂLUES. '
RBAD(*,*) EMrN

oÐ

Page 142



cÄLr HRTTEL(5)
HRrrE (* , 

*) ÌGÏVB MÄX. LIMrr Ft]R BTGENVALUBS . '
READ(x,*) EMAX

CALL I{RTTBL(3)
I{RITE(*,*) IGIVE THE NAME (lF THE FILB IN I{HICH TIIE DIGENFUNCTIONS

XHITL BE STI)RED. I

REÄD (* ,70) FN¡.ME
70 F0RIAT(Ä20)

RETT]RN
END

C

C

C

SUBR(]UTINE NUT{R[)V(EMIN,EIIÀX,XTIIN,XMÄX,PI]INTS,A,B,V,LBC,BC,PSIL(]I{,
X PSIUPP,Sq,EIVAL,BSIZB,BCI)UNT,U,T,R,S,YMAT,ZilIÄT )x FIINCT,ALG,FNAME,ERR0R,P0TAI,MINVÄL,H)

c
C

C THIS SUBROIITINE CATCULÄTES Ä SET t]F BIGENVALUBS AND BIGBNFUNCTIONS
C FtlR A GIVEN D.E. TM EIGENFI]NCTIONS ÄND EIGDNVÄLUDS ÄÌN SÄVDD Tt)
C DISK.
C

C

C ÄCCEPTS: EHIN{IIE HINIHIIH LIIIIT F(lR Tm EIGDNVÄLIIES.
C EMÄX{M HAXIUU{ TIUIT FflR TM EIGENVÄLI]ES.
C ruIN_X AT L[|I{ER BOI]ND.
C ruÄX-X AT T]PPER BOI]ND.
C P(IINTS{M NUHBER f|F GRID POINTS.
C A-FI]NCTION IN FR(|NT flF TM SECI)ND DERIVÄTIVD TDRTI.
C I}_FI]NTTI[|N IN FRtlNT f|F TITE FIRST DERIVÄTIVD TEII}Í .
C V-TM POTENTIAI, FT]NCTION.
C tBC-Tm ilI{ER BOIINDÄRY CONDITI0N. (PSI=0 , ETC. )C IIBC-Tffi IIPPER B0IINDÅRY C0NDITI0N. (PSI=O , ETC. )c s(l{m ÄNGIITÅR Hf|mNTUu qUÄNTIIM NU}ßER USDD rN st]}m 0FC TM VCÄTC SUBROININES.
C PSILÍ]I{-TM NT]MER t|F VÄII]ES f|F PSI CÁICUTÄTED BY TIID FRtl-
C BENIUS EX?ANSII|N AT TM TflI{ER B[|I]ND.
C PSilIPP{m NIIffiER 0F VATUES 0F PSI CÄtCUtilTED BY TIIE Fll.0-C BENIUS EXPÄNSIÍ|N AT TM I]PPER B[|I]ND.
c EIVÁ.L-ilEU0RY SPACE Ff|R Tm ETGENVATIIES ÄND qUÄNTUM NUM-C BERS.
C ESIZE-TM NUIIBER f|F RÍ|I{S t|F EIVÄT.
C ECIII]NT--MEMÍIRY SPÁ.CE Ff|R TM NI]MBER tlF EIGDNVÄII]ES CÄICI}_C TATED BETI{EEN EIIIN AND E}fÄX.
c T-TrrE FUNCTI0N T, USED T0 CALCIIIATE U.C. I}_TM FUNCTI()N U IN TM TI{ÍI-TERT RICURSIÍìN REIÄTIIìNS.C R{IIE FIJNCTION R IN {lNE f|F TM TI{t)-TERil NNCUßSIIìN RDTÄ-C TIONS.
C S{M FT]NCTIÍ|N S IN tlNE flF TM TI{ÍI{EIIT{ NNCURSIÍìN REtÄ-C TIONS.
C YtrAT-{m FIINCTI0N Y IN Tm TI{[|{ERII RICmSI0N REIÄTI0NS.C ZMÄT_TM FUNCTII|N Z IN TM TI{ÍI-TEII}Í RNCURSII]N RETÄTI(INS.C FI]NCT-TM I{ÄVE-FT]NGTIÍ)N PSI.
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C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

U

c
C

C

AIG_INDICÂTES TM ÀTG(IRITIM USED.

- FNÄ}ÍE_TM NÅilE t)F TIIE FILE Tt) MICI TIID EICDNVÄTUES ÂND
EICENFI]NCTIÍ]NS ÅRN I{RITTEN .

ERRI)R_ÄSSIGNED TIE YÄLIIE .TRI]E. IF N(l BIGBNVÄIT]ES ÄND
EIGENFT]NCTIONS I{ERX CÄICUTÄTED .

P()TA.1{M C()EFFICIENT f|F TM I,INEAR TERM IN TIIE TÄYTÍ)R
EXPÁNSI0N 0F Tm p0TENTrÄr. (USED IN TrrE FR0BENIUS
EXPNST0N.)

ìfIr{vAFTm HrNrHut{ vÄruE 0F Tm P0TENTIÄL, V(r).
HnEFTNED ÄS (xìüx-ffiN) /(p0rNrs-l) .

RETURNS: EC0IINT--Tffi NIIIilBER 0F EIGEIWÄIUES CÁtCIltÄTED BETWEEN EMIN
ÄND EIIÅX, INCTUSIYE.

EMFTm EIGENVÄLWS ÅND qUÄNTIIM NIIIilBERS CÄLCULÀTED.
ERR[ìR-(Ä FtÄc)itSSIcNED TIIE VÄtIlE .TRUE. IF N0 EIGBNVÄLU0S

/tND EIGEMIINCTI0NS I{ERI CÄtCIltÄTED .

INTBGERX2 P()INTS , LBC, UBC , PSILOI{, PSIUPP , SQ , ESIZE, EC[]I]NT, ALG ,X BTYPÐ 
2 
COUNT 

' 
CYCLE 

' 
DISK 

' 
BVÄL , I , ITER, K , LASTQN , NA'X ,x MAXl,qN

REAL*S EiltIN, BMAX, XMIN, XltAX, A ( 1 ), B ( 1), V ( 1 ), BIVAL (ESIZE, 1 ), U( 1 ),x R(1),s(1),YMAT(1),ZMAT(1),FUNCT(1),p0TA1,Ä,c,DB,DI(1;DI(2,''
x E(20),EI,BPREV,GUESS,GIIESS2,H,TL,T2,MINVAI,T(1)
I0GICAL ERRtlR, FIRST2,F0UND, L00p,I{Ay1, USUAL, BYTI{01 ;BYTI{O2
CHÁ,RACTER FNAME

_catt INITZE(4, B z4C ¿41G, BTypE, BYTI{t] 1, BYTI{02, CYCLE, DB, EiltÄX, F0UND,

I IIBjST2 , GUBSS , H, rTER, IBC , UBC, MrNVÄI , 
p0rNTS 

, USUAL , V ,X I{AYI,YMÀT,ZMAT)
ITER=20
CALL r{RrTEr(25)
vRrTE(*,*) TCALCI]IATrNG EIGENVALI]ES AND EIGBNFUNCTT0NS . . .'
CALL I{RTTEL(3)

TM PnINCIPTE Tflf|P IN NTIMII,Í)V. GUESS IS ÄSSIGNED ÄN INITIÄL VÄtU[
ÅND TIIE NEXT EIGENVÄLUE IN IINE IS SEÄRCIIED Ft}R. TIIE PRI)CRÁII MÄY
PÄSS TIIRÍìUGII TIIIS Lt]t)P Ä NTTMER t|F TI}MS BEFI]RE TIID NEXT EIGDN-
Y/ttUE IS F0IIND.

GUESS=GUESS-EI

NEXT EIGENVÄIUE HÄS ATRNADY BEEN CÄLCULÄTED IF F[|T]ND IS TRUE.
Gf| Tf| 48 Tt| CÄLCT]TATE FT]NCTIONS R AND S F(lR TIIE FÍ)I]ND EIGBN_
vatuE.

rF ((F0UND) .AND. (C0UNT .Eq. 0)) THBN
K=i

C

C

C

C

C

C

C

C

25
C

C

C

C

C
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34

X

X

c
c
C

C

C

rF (.NOT. USUAL) THEN
gN=LASTqN-2

EtSE
QN=LÄSTQN-1

ENDIF
E(K) =ÇU8552
Gt)Tt) 48

ENDIF
L00P= . FALSE.
ff4
l\= 1

B(K) =69P55
write(*,34) K,E(K)
formatlr ESTIMATE(t .I2.') IS: I .F25.10)

OALL NUIÌERû (P0INTSìp,V,bri,nrZ,Î,R,S,i,K, 0N,H,
PSILOH, PSIUPP , XMIN, XIÍAX, SQ , YÀfÄT; Zil{AT, ALG , BTYPE,
A , EVAL , P0TA1 )

NEI{ ESTIMÄTES FflR TM EIGEI{VATI]ES ÅÌN CÄLCUTÀTED IN THt| DISTINCT
I{ÂYS. I{ÄY1 IS NEHT0N' S UETrr0D. TrrE 0TmR HÄy (NfìT r{Àyl) rS TrrD
BISECTIÍ]N METII{|D.

rF (.N0T. I{¡,Y1) THEN
G0T0 55

ENDIF
K=K+1
E(K) =E(K-1) +DE
write(*,35) K,E(K)
format(r ESTIMÄTE(r,12,') IS: r,F25.10)

cÄtt NUMER0 (P0INTS , B, V , DKL , DKz , U, R, S , T, K, qN ,l{,
PSIL0W, pSIUpp 

, Xtr[rN , XMAX, Sq ,lîfÄT , ZillA,T , ALG , BTypD ,
A, BVÄl, P0TÄ1 )

K=K+1
T1=ABS (E (K-1 ) -E (K-2) )
T2=ABS (DK1-DK2)

NEI{TIINIS ITETIIÍìD.

X

X
+5

C

C

C

46

47

4B
X
X

IF (T2 .NE. 0.0) THEN
E (K) =E (K-1 ) -T1 

*DK1 /T2
write(*,46) K,E(K) '

__ tormat(r ESTIMATB(r,12,' ) IS:',F25.10)
ELSE

E(K) =E(K-1) +DE
wiiiel* .47\ K.E(K)

_ -f_o_rmaì(' 
nsrÍunii!ç, ,rz,') IS: ' ,F2b.10)

ENDIF
CÄLL NIJMERIJ (P[)INTS,E,V,DK1,DKz,U,R,S,T,K, QN,H,

PSII0H, pSIUpp 
, XIIIN , XMAX, S0 , \'tr[ÄT, Zil{AT, ALG ,

BTYPE,Â,BVAI,P0TA1)

Page 145



52

55

rF (K .Eq. rTER) THEN
I{RITE(* .50) ITER
F0Rt{Ai(' c0i'tvnRGpNCE IS DOUBTFUI ... ,,12, ' ITBRATI0NS I{A

xvE BBBN DtlNE. ì )
G0T0 52
cALr I{RTTEL(3)

ENDIF
rF_((F0UND) .AND. (c0uNT.Eq. 0)) THEN

F0UND=. FALSE.
G0T0 52

ENDIF
rF (ABS(E(K)-B(K-1)) .GE. ÄC) G0T0 45
rF (cYcLE .Eq.'1) THEN

_..ç{r_L CYCLEI (8, Er, qN, IASTqN,K)
ENDIF
rF ((cyffiE .cE. 2) .AND. (USUAT)) THEN
cALt cyclE3 (E, Er , GUESS , qN, [AsTqN, K, EPREV, L00p , C0UNT, p0INTS 

.X FIINCT,R,S,T,H,AIG,EVAI,VAY1,FI)UND,GUESS2,MIÑVÄL,
XÄ)

EtSE
rF (CYCLE .GB. 2) THEN

cÁLt cycLE4.G.EIr_Q!_ES$ ,qN, tASTqN, K, EPREV,100p, C0UNT,x pf]IryTS,IINCTTR;$,î,H,ALG,nvm,I{Air,F0UND,
X GUESS2,MINVAL,A)-

ENDIF
ENDIF

NEXT EIGEIWATIIE N(lT FflI]ND IF Lflf|P IS TRI]E.

rF (r00P) THEN
C0UNT=C0UNT+1
G0T0 25

ENDIF
CYCLE=CYCIE+1
C0UNT=O

CALC{JTATD EIGEMI]NTTIÍ)N AND SÄVE IT, IF DIGEI{VÄLT]E IS BETI{EDN
CIÍISEN TIHITS.

rF (((E(K) .GE. EMrN) .AND. (E(K) .rE. EMAX)) .Är,ll. ((usuÄr)
.9$* ((fPITl.ql)..ÂNl. (frpp(QLÐ .NE. 0)')' .0R. lqirYrw0zf

_ .AND_._(UOD(qN,2) .Eq. 0))))) THEN
EC0UNT=EC0UNT+1
IF (ECI)TINT .LE. ESIZE) TIIEN

wiite(x,*) qn,' r,e(k)
rF (FrRST2) THBN-

_,ç{t_L STAT4 (FUNCT, p0INTS 
, DISK, FNAilTE,XMIN, H)

ENDIF
CALL EIVECS (FT]NCT,R, S,T,H, ALG, POINTS,EVA[)

ç4!!jlA13, (FrRST2 , rUlCr, pûrNTs 
, DrsK , É, K , FñÄilE , qN)

FIRST2=. FÄLSE
tÄsTqN=qN
EPREV=E(K)

C

C

C

C

C

C

C

70
X

X
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BIVAL(ECûLNT,1)=QN
EIVÁ,I(EC0IINT, 2) =B (K)
rF ((((usuÄL) .0R. (Byrl{Oz)) AND. (Qn .N8. 0)) .0R.

x ((BYTI{0r) .AND.(Q¡r .NE. 1))) rriEN
G0T0 25

BNDIF
EtSE

ENDFITE DISK
CI0SE (DISK, STÄTUS= | KEEP ' )
I{RITE(*,130) E(K) , QN130 F0RI{AT( ' TI{ERE rS N0 STI]RAGB SPACE IEFT Ft]R TrrB BIGDNVÄLU

xEr ,F14.4, I IirTH qUANTUM NUMBER ' ,12,' . ')
EC0UNT=EC0UNT-1
cÄLL HRrrEr(10)
CAtt H[)LD

ENDIF
ELSE

C

c assrcN rÄsTqN AND Epnnv AND RETIIRN T0 CÄrCULÄTB M0Rn ErcEN-C VÄUIES IF LAST f|NE IIrtS N(]T BEEN CÄLCULÄTED.
C

rF ((E(K) .GE. EMrN) .ÀND. ((((USUAL) .0R. (Byrll02)) .AND.x (Qry,N8.0)) .0R. ((ByTIi01) .AND. (qN.cr. 1))))Tr{DN
IF (USUAL) THEN

tÄsTqN=1]N
ETSE

rF_((B!rH01) .AND. (M0D(qN,2) .NE.0)) rrrDN
tÄSTQN=QN

EtSE
rF ((BITì{02) .ÄND. (M0D(QN,2) .8Q.0)) TrrBN

tAsTqN=qN
ELSE

LASTQN=QN+1
ENDIF

ENDIF
ENDIF
BpREV=E(K)

G0T0 25
EtSE

rF (.N0T. FTRST2) THEN
ENDFITE DISK
CI0SE (DISK, STATUS= I KEEP I 

)
ETSE

ERR0R=.TRIIE.
RETURN

ENDIF
ENDIF

ENDIF
RETURN
END
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C

C

C

SUBR0UIINB INIT?¡(4,_B,AC,ALG-,_BTYPB,BYTI{01,BYTI{O2,CYCLE,DB,Di\tAX,x F.qu{!,Ir&qI2,ÊtrylSrH, rTBR, LBC, UBC,ilTNVAL, p0rNTS 
,X USUAT,V,I{AY1,YMAT,ZMAT)

C

C

c T[rS SUBR0IJITNE rNrrrÄtUES A NI]lilBER 0F vÄRritBtES FtlR NIIMR0V.
C

C

TNTBCERT2 Ä[C , BTypE, CYCLB, I , ITER, LBC , UBC , 
p0rNTS

$p4!iç-A(Ðrp ( i ).4ç; qE,gu4l clpgl n,.\rlryyÁ_l, v ( 1 ), yt{Ar ( 1 ), ZMAT ( 1 )
TIìGICAL BYTI{tll , BYTI{Í)2 , FIRSTz , F[)T]ND , ÛSUÄT, , WÁYî 

'

c
C

MINVÄL=V(1)
c
C CÄTCIJIATE I{INIMUM YÄLI]E fìF POTENTIÄL.
C

D0 12 I=2,P0INTS
MINVÄI=DtrÍIN1 (V (I), MINVÄL)

1,2 C(INTINT]E
C

C CittCUtÄTE Y ÅND Z FIINCTI0NS.
C

17 rF (Ärc .Eq. 1) THEN
D0 18 I=1.P0INTS

YMAT(I)=1 .0-{. 5*H* (-B (I) /A (I) )
_!ltl{IQ =1 .0+0.5*H* (-B (I)/A(I) )18 CI}NTINUE

EtSE
D0 19 I=1.P0INTS

YMAT(I)=1.6
ZMAT(I) =1 .919 Ct)NTINUE

ENDIF
I{ÄY1=.TRUE.
USUÄ[=.TRUE.
BYTI{01=. FÄISE.
BYTH02=. FÁLSE.
F0UND=. FAISE.
FIRST2=. TRUE,
ÂC=1 .00-{7
CYCLE=1
rL(.LB_C .Eq. 1) .Á,N0. (uBC .Eq. 1)) THEN

BTYPE=1
ENDIF
q((.LB_C .Eq. 2) .ÄND. (uBC .Eq. 1)) rHEN

BTYPE=2
ENDIF
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q((.l_qc .Eg. 1) .ÄND. (uBC .Eq. 2)) THEN
BTYPB=3

ENDIF
q(.l-qc .Eq. 2) .AND. (uBC .Eq. 2)) THEN

BTYPE=4
ENDIF
q((.!åc,.Eq. 3) .AND. (uBC .Bq. 1)) THEN

BTYPE=5
ENDIF
rF^((.LB_C 

-.Eq 
. 3) . ÄNÐ . (uBC .Bq . 2) ) THBN

BTYPE=6
BNDIF
rL((.LB_c_.8q. 3) .AND. (uBC .Eq. 3)) THDN

BTYPB=7
BNDIF
rF-((.!uc-.8Q. 1) .AND. (uBC.BQ.3)) THBN

BTYPE=8
ENDIF
IF-((.LUC .Eq. 2) .AND. (uBC .Eq. 3)) THEN

BTYPE=9
BNDIF
rF (LBC .Bq. 4) THEN

BTYPE=4
BYTI{t)2=. TRUE.
USUAI=. FALSE.

ENDIF
rF (LBC .Eq. 5) THEN

BTYPE=1
BYTW01=.TRUE.
USUAL=. FALSE.

ENDIF
I[:(B!14_I ,|{E. 0.0) THEN

DE=EI{,{X/1000000 . 0
GUESS=EMÄX-{.02*EM,{X

EtSE
DE=O.0002
GUESS=0.0i

ENDIF
RETURN
END

C

C

C

suBR0IrrrNE NUMEÌ.0 (p'-0fì,tTs_, Er-yr lK1 ,DKz ,U, R, S , T, t(, QN, H,x pslllgy,llIFl,xMrN 
, xtriax, Sq ,híAi, íIf'n ,äc , nrypE,x A,EVAL,POTÄ1)

C

C

C ÎIIIS SUBRÍ)IJTINE C,ATCI]IÄTES TM FT]NCTIONS R ,ÀND S. IT ÄTSfl CÂT_C CI]LATES TITE MÂTCIING POINT, EVÂL, FÍ)R ANIY EiiNI.r D.E. . ri rrDÑ CÄFC CIILÄTES DKl AT TIIE MitTcHINc P0INT, ÁND ÄSSIclvS ro DKz T[E-pnnvräusC VÄTUE flF DK1.
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U

C

INTEGER*2 ÄLG , BTYPE, EVAL, I , J , K , POINTS , PSILOH, PSIUPP , qN , SQ
REAL*8 B(1),V(1),DK1,DKz,U(1),4.(1),S(í),T(1) ;H,

^ x xMrN,iuÀi,yMÄT(i),zrrlT(i),QvÁí,À(í),ÈoiÁr
C

C

C CÄLCI]LÄTE TM FT]NCTION T.
C

D0 5 I=1,P0INTS
qy4l,=(1,_q¿A.(r) ) i (q(K)-v(r))
T(r) =-(H*H112 .0) *qVAi

5 C()NTINUE
C

C CÂLCULATE TtrE FIINCTI0N UFflR B(x) N0N-ZER0.
C

rF (ALG .Eq. 1) THEN
D0 10 I=1.P0INTS

q(I)=2.o+12. o*T(I)10 CI]NTINT]E
BNDIF

C

C CÄLCULÀTE Tm FIINCTION U Ft)R B(x) zER0.
C

rF (ALc .Bq. 2) THEN
D0 20 I=1.P0INTS

^V,(]):-Q. 0+10. 0*T(I) ) I G.0-T(I) )
C(}NTINUE

ENDIF

,cÄLL B0UCAL (ALGT9TIPF*&, S, U, p0rNTS, ps IL0V, pS rupp, xltrN, xMÄx, s Q, il, 8,
^ x K, YllAT, ZMAT, PÛTÄ1)
C

C CÄICT]TÄTE TM FI]NCTION R.
C

D0 25 I=PSIL(}H, (P0INTS-1)

^&.G):-ulr)/ylrÄr(r)-zMAr(r) /yìrÄr(r) * (1 .0/R(r_1) )25 CI]NTINUE
c
C CÄTCI]LÄTE TM FI]NCTION S.
C

D0_30 I= (p0INTS-(pSIIJpp_1) ) ,2 ,_1

^fl f l):-ul r ) /ZMAT ( r ) -yrrÄT (f) /ziirÄT ( r ) 
* ( 1 . 0/s ( r+ r ) )30 CIINTINT]E

c
C CÅTCT]IÄTE TM MÄTCIINC POINT.
C

D0 40 I=P0INTS .2.-L
rF_(s(r) .LE: 1'.0) THEN

J=I
G0T0 50

ENDIF
40 CI]NTINIIE
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C

C ÂSSIGN TMMÂTCIING POINT.
C

50 rF (J .Eq. 0) THEN
EVÄL=EV,{L+1

ETSE
EV,{L=J

ENDIF
I=2
J=0

C

C CÍ|I]NT TM NUMER tìF NÍ)DES.
C

55 rq (R(r) .LT. 0.0) THEN
J=J+1
I=I+1

__Iq (r .Lr. EVÄr) G0T0 55
ELSE

I=I+1
_ lq (r .rT. EVAr) c0T0 55
DNDIF
rF_(4YAr .Eq. P0rNrS) THEN

EVAL=EVAL-3
ENDIF
rF (EVAL .Eq. (P0rNTS-1)) THEN

EVÄL=EVAL-2
ENDIF
rF_(4YÄ! :Eq. (P0rNTS-2)) THEN

EVA[=EV,{L-1
ENDIF
rF (EVAL .Eq. 1) THEN

EV,{[=EVAL+3
ENDIF
rF_(EVAr .Eq. 2) THEN

EVA[=EV,{[+2
ENDIF
rF (xvÄr .EQ. 3) THEN

EVAL=EVÄL+1
ENDIF
DK2=DK1

!{t=t . 0/S (EVAL+1 ) -R(EVÄt)
0N=J
[sruR¡r
END

C

C

C-
sUBR0rrrrNE Bqy.c.4r,^(¡r_g.BlIp_E,¡:srq.,_p0_rl!Ts,psrL0H,psrupp,xil[rN,
X XMÄX, Sq , H, E, K , YMA.T, ZMÄ,T, Pt]TÄl)
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C

C

C

C

C

C

TIIIS SUßR(|ININE CÄTCT]IATES TIIE VÄIUES flF R ÂND S NEÄR TITE BIìI]NDS.
ÄCCIINDING Tfl TM USERIS CII]ICE fìF BÍ)T]NDÄRY CtlNDITIflNS.

iryTqçER*? Ä[G,BTYPB,HIGH,I,J,K,POINTS,PSIIOII,PSIUPP,Sq
REAL*8 R(1),S(1) ,U(i) ,pSÍ(í0i .CHr(10) .prrol .c.Ä1.lz.ni rt .x H,x;cÍrrDP(ió) ;xirÍN,xriÄx;wlr(r),ZuÀr¡i),ÁA,É8,ócìpóitr

HIGH=10

F f)R PSI IS O ÂT BI)TII BI|IINDS.

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

ÄtG0RrT[M rs rN F (?R0p0RTr(lNÀr T0 psr) ÄND DERrVÂTrVB
f)F PSI IS O ÄT TÍ]I{ER BOI]ND.

rF (BTYPE.Eq. 1) THEN
R(t¡=1.670+200
R(2) =U(2) /YMAT(2)
q ßq lryrq.1 ) =u(p0 rr,{rs-1 ) /ZMAT (p0 rNrs-l )
S(P0INTS)=i.670+200 '

ENDIF

IF TBTYPE .

R(1)=U(1
R(2)={J12
s (P0rNrs
s (P0rNTS

ENDIF

rF (BTYPE .80. 4) THBN
R(1)=U¡1¡ 12.0
$ ( ? ) :vl? ) /sAT(Ð: QIAT (z)/yr{AT ( 2 ) ) 

* ( 1 . 0/R ( 1 ) )
S(P0INTS)=UIP0INTS\ 12.0'''

., s ( p 0 r NTS;J )_+(p_q.ISS^ 1 ) /lulr,(po r NTS-1 ) - ( yrrlT ( p 0 r NTS-1 ) /
x_.,_ __ ZMAT(p0rNTS-1) )* (1 .0/S (p0rNTS))
ENDIF

Bq. 2) THBN

) 12.0
) /Iu4I(?)_(zrrAT(2)/yM4T(2) ) 

* (1 .0/R(1) )

;lì ;r{il:}ilis-l ) / zr'rAr ( p 0 r Nrs-i )

PSI IS ZER[| ÄT TtlWER B[|T]ND ÄND DERIVÄTIVE t)F PSI IS ZBITtl ÄT I]PPDR
BÍ|I]ND.

DERIVÄTIVE f]F PSI IS O AT BÍ|TI I]PPER AND TÍ]I{ER BI)UND.

1)-(YrrÄr(P0rNTS-1)/
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C

C

C

C

X
v

C

C

C

5
C

c
C

10
C

C

C

1É.
IJ

C

c
c

20
c
c
C

C

C

C

C

TM FRIìBENIUS EXPÄNSII)N IN PSI ÄT tlNE fìR ßflTII BÍIUNDS IüTS CI(]SEN.
(F0R TEGENDnI TYPE EqULTTONS. )

rF (BTYPE .cB. 5) THEN
C=S8/2.0
A1= (Sq*Sq-Sq-2*E(K)) I Ø. 0*S8+4. 0)
Ä2= (SQ**4+5 .0*SQ*x3+*Sq*Sq8(E(K)-2 .0)-4. 0*S0* (2 .0*B (K)_2 .0*

qqTAl-1...0)+a* (E (K) **2-2.0*E(K)+2 
. 0*P0TÄ I)) I G2. 0* (5{+1 . 0) *

(SQ+2.0) )

Calculate the first PSILÍ|I{ values of the wave function pSI.

D0 5 I=1.PSIL0W
X=H* (I-1) +XllIN

^IPI(Ðj (1 .0+X) **C+41* (1 .0+X) ** (C+1) +Ä2* (1 .0+X) ** (C+2)
CtlNTINUE

Calculate the f irst (PSI[0I{-1) values of R.

D0 10 I=1. (PSIL(]I{-I)
R(r) =PSr'(r+1 ) /PSl( r)

coñrfruun

Calculate the last PSruPP values of the wave function pSI.

J=HIGH
D0 

.15_ I+0I.NT! Z_(|0INTS-PSIUPP+1 ), -1
X=H* lI-1) +Xil{IN

i!jtÌ, = 1í . o-x; **c+41* (i .0--x) ** (c+1) +A2x (1 .0-x) ** (c+2)

CtlNTINI]E

Calculate the last (PSillPP-l) values of S.

J=HIGH
D0_2.0 I=P0INTS, (P0INTS-(PSIUPP-2) ),-1

s (r¡=p51 (J-í)/PSr (J)'
J=J-1

Ct)NTINI]E

RJÄSSrGN R(1) ÄND R(2) rF psr rS ZER0 ÅT TrrE r0rruR B0UND.

rF (BTYPE.Eq. B) THEN
R(1)=1.67D+200

_ &(?)=u(2)/YtrÄr(2)
ENDIF

RrassrcN s(P0rNTS-1) AND s(POrNTS) rF psr rs zDn0 /tT TrrD UppDR
BÍ|I]ND.

Page 153



rF (BTYPE .Bq. 5) THBN

I ( I g I ll]l. 1 ) =-U-G 0 !'{TS-1 ) / ZMAT ( p 0 r NTS_1 )
_.S (P0INTS) =t .670+200
ENDIi

Cc RxÄSÞLcl!_q_(P_0Iry!q) ltND s(PflINTs-l) IF DERIv/trIvE 0F psr ÄrC UPPERBÍ|UM, IS ZERO.
C

rF (BTYPE .Eq. 6) THBN
S (POINTS) =U(POINTS) lz .0
s (p0rNTS{ )jg(p_q.!ITS- 1),/ZM4r.(p.qryry_1) 

_(yMÄT (p0rNTS_1) /x zMAr(p0rNTS_1) )* (1 .0/s (p0rNTS))
ENDIT

Cc RnÄssrGN R(1) ÅND R(2) rF DERrvÄTrVE 0F psr ÄT r0rffR BflUND rSC ZERfl.
tl

rF (BTYPE .Eq. 9) TrrEN
R(1)=u(1) 12.0

-..& 
(?) =u( 2 ) /YMAT ( 2 ) - (z\r^r (z)/ytrÀT ( 2 ) ) 

* ( 1 . 0 /R ( 1 ) )
ENDIF

ENDIF
RETURN
END

C

C

C

SUBR0IIIINE CyCtEl (E, Er , qN, LÀSTqN, K).C
C TIIIS SUBR0IJIINE ÂSSIGNS V/ttUES T0 LÂST0N /tND EI.
C

U

INTEGER*2 K,LASTON.ON
REtL*8 E(1);Er

C

C

n:((q\ .lLE. g).,4N0. (qu .NE. 1)) THEN
Er=ABS (E(K) /qN)

ELSE
rF (qN .Eq. 1) THEN

EI=ABS (0. 1b*E(K) )
ENDIF

BNDIF
tÀSTQN=QN
RETURN
BND

S UBR0IITINE CYC[F:3 (E,prr qyEslr 0ìr, LÄsTqN, K, EPREV, L 0 0l, C 0 uNT, p 0 INTS,x FUNCT,R,S,T,H,ALG,EVAL,I{Äyí,ÉOtnn,c',upssi,llrNvdi, -
XÄ)

C

C

C

Page 154



THIS SI]BR(]ININE ASSIGNS VATUES T(l GUESS ÄND BI. IT ASSIGNS L(ltlP
Tf| BE TRI]E IF TM NEXT EIGENVATIM [ÄS N(|T BEEN FflUND. TIIE MTIIOD
(!4y1_0! N0T HÄy1) F0R CÄrCUrArrNc rrrD NEXT ETGENVÄLUE rS cUOSnrv.
Ff|R Sfl}M EIGENVATUES, TM }MTI[)D [tÄY INITIÄLIY BD NBI{T{IN'S MTUON

,Q[Il),^lIl Tm^ ],{.nn cfüwcnD r0 rrrE BrsECrr0N rmrrr0D iñor v,rirf---
I{mN CYCLE3 IS CÂttED Ac/tIN LÄTER.

INTpçqry? $LqTCQIUT,EVAL, K, LÄSTQN,p0rNTS, QN

,REÄL*8_Ì (1) 
? PI¿GUESS , EPRBV,IC , ntirCH, EL0t{;ti , T

I MgT(1),E2,A1S,ALR,A2S,A2R,B2S,B2R;cUEX RPRIME.ÄI1)
L0GICÄL L00P . titir . ¡'otrun

1),S(i),R(1),
S2 , NINVAL ;SPRIME,

C

C

C

C

C

C

C

C

C

C

AC=S.0D-{1
rF_((çp.u{lrEQ.._ g)_.4.N0, (QN .NB. (LASTQN-I))) rrrEN

rF (Q.N .GI. (LASTQN-1))' THEN
HAYI=.TRUB.
EI=1 .4xEI

BLSE
rF (qN .Eq. (LASTqN-2)) THBN

GUESS2=E(K)
FOUND=. TIiUiI.

ENDIF
EL0H=E(K)
EHIGH=EPREV

-qUESS=(PUIGII+EL0H) I 2 . 0 + EI
VÄY1=. FALSE.

ENDIF
L00P=. TRUE.

ENDIF
IF_((çp.WT_G!._ g)_.4ND. (.NOT. I{Äy1)) TrrEN

rF_(Qti , G'r.. (LASTqN-1) )' THEN
EHIGH=ElK)

EISE \ /

ü_(qry. ._rT.. (rASTqN-l)) THEN
BL0I{=E(K)

ELSE
[00P= . TRUE.
GUBSS=E(K) +EI
FUNCT(EVAL)=1.0

rrrE BrÄrr FgHII,AGlp I?l 0F TrrE rf)NG I{RrrE_up) rs
USED MR"E. TM F{)ruÌU,Ä ÏS:

r-{=-ú (x0 ) 
*Á, (x0 ) 

* [d//dx (x0, RICHT) --d { I dx (x0, IEFT) ] /K
L

I{mRn K= lï,lf ,lÀ*. q IS Tm CURJÌINT BSTIMÄTE F{lR E.
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C

C

C

c
C

C

C

0Nry Tm sIcN 0F F-{ IS NEEDED, ÄND Tm EqUÄTIftN BECf]ilmS

F--Q =-A (x0 ) 
* 

[d ú/dx (x0, RI GIIT ) Atþ I dx (x0, IEFT) ]

SINCE Tm INTEcll4t é, IS P0SITIYE, .A.ND ú("0) IS SET
EQUÄL T0 PÍìSTTTVE f|NE.

FUNCT (BVAL) =1 . 0
rF (ALG .Eq. 1) THBN

SPRIIIE^=(0. 5-T(BV,{L*1) ) * (1 . 0/S (EV,{t+l) )-(0. b-T(BV,{L-1) )*S (EVAL)
RPRIME=(0 :_5J(qvA!+1) ) 

*R(EVAL)-(0. 5-T (BVAI-1) ) 
*

(1 .b/R(EVÀL-I) ) 
' '

ELSE
SPRIIIE=( (0. 5-T(EVÄL+I) ) * (1. 0-T(EVAI) ) ) / ( (1 . 0-T(DVÄL+I)

) 
*s (BVÄL+1) )-( (0'.5-r(EVAL-I) 1x(í.'o_T(EVAL) )*

s (EVAr) ) I G'.O-i(EvÄril) )
RPRIME= (0.5-T(EVÄL+1) ) 

*R(EVÁL) * (1 .0-T(EVÄt) ) /
(1,Q-.L(F_vlt1))-( (q 1Þ-T(EV4! r) ) * (1 .0_T(BVÅL) )
) / (R(EVAL-I) * (1 . o-T(EVÄL-1) ) )

BNDIF
E2=-Ä (EVAL) * (SPRIME-RPRIIÍB)
rF (82' . GE. 

'0.b) 
rnnn

El0V=E(K)
ELSE

EHIGH=E(K)
ENDIF

ENDIF
ENDIF
rL(((E4l-c.E;ÐLQ!)-.,18^. AC) .ÄND- (qN .Eq. (LÄsTqN_1))) rHDN

E (K) = (EHIGH+EL0I{) /2 . 0
GUESS=E(K) + EI
I{ÄY1= . TRIIE.
[00P=.TRUE.

\t

X

X

X

X

X

ELSE
GUESS= (EHIGH+EIU|) 12.0 + EI
[00P=. înun.

ENDIF
EtSE

.. rF ((QU-,ST,.JLÄ[TqN__1)) .AND. ((c0uNT .NE. 0) .AND.x (c0rrNT .NB. 1))) THEN
Eï=1 .4*EI
l00P=. TRUE.

EtSE
rF_(qry_.8q. (rASTqN-l) ) THBN

GUESS=E(K)
EI=O.5x (BPREV-E(K) )
rF (qN .Eg. 1) THEN

_ Er 0.2x(EPREV-E(K))
ENDIF

ELSE
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C

C

C

rF (c(}uNT .NE. o) THEN
rF (qN .Bq. (LÁSTqN-2)) THEN

GUESS2=E(K)
F[)UND=.TRUB.

BNDIF
EL0H=E(K)
EHIGH=EPREV
GUESS=(BHTGH+EL0I{) /2.0 + Er
[00P=.TRUE.
I{,{Y1= . FAISE.

ENDIF
q.((!0u{T_.åa. r) .AND. (QN .cT. (rASTSN_1))) THEN

I{AY1= . FAISE.
EHIGH=E(K)
EL0H=tr{INVAL
GUESS= (EHIGH+EL }Hìl I 2. 0+EI
L00P=. TRUE

ENDIF
ENDIF

ENDIF
BNDIF
RETURN
END

suBR0lnrNE cYCt+4 (E'^EL Q]EF!, qIr,L¡qT,qry, K- E-IRDV, rB0P , c0ltNT, P0INTS ,x FUNCT,R,S,T,H,AIG,EvÄt,wAyí,Éoutu,c'unßd¡nñvdi, - ^

XA)
TflIS ST]BR{)IJTINE IS TM SAIM ÁS CYC[83, EXCEPT TIÄT IT IS SET I]P
Ig{t-.c^{s,EÞ_(r0qNDÄny cONDrrrONS 4. ÄND 5.) nmRr rm uonn-cornl
crrnNcEs By'Tr{0 (ByrH01 0R BTTr{02 = TmlE) ínivnnu nrcDNVÂrIlEs.

INTEGBR*z AIG , C(]UNT, EVAI, K, LÁ,STON. Pt]INTS . {ìN
REAL*S Bt1) .Er.crryql,pf&Ey;Ac,p{rq4.n_r,ow,É,r1r¡,s (i),R(1),x _ _FUNCT(í),É2.,llpr¿rn,láS,ÃzR;BtS;BtR;CuEòsáIulñúÅ^i)t(iI
LIìGICÄL IO{iP . WIYí . FOUND

,AC=3.0D-01
IF-((çp.Wl- 8Q.._ g)_.{.ND, 

.( 
gi!-_.r!E. (LASTQN-2 ) ) ) THBN

rq.(qN . q!1. (LASTQN_2) ) îHEN
I{AYI=. TRUE.
ÐI=1 .4*EI

EtSE
rF^ßry 

^.¡q_. .-( 
LASTqN-4) ) THEN

GUESS2=BlK)
F0UND=. TIìUÉ.

ENDIF
Et0l/=E(t()
EHIGH=EPREV

c
C

C

C

C

U

C

C
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q\ESS=(EHIGH+EL0W) 12.0 + EI
HAYI=. FALSE.

ENDIF
L00P=. TRUE.

ENDIF
IF_((çp.VNq.GT.. g)_.^4.N01 ( . NOr. r{Äy1) ) THDN

rF (qN .Gr. (LASTqN-2)) THBN
BHIGH=E(K)

ELSB
rF_(qry .rT.. (TASTQN-2)) THEN

BL{)H=E(K)
ELSE

[00P=. TRI]B.
GIIESS=E(K) +EI

C

C

C

C

C

C

C

C

C

C

C

C

C

C

F,-{=-rl(x0) *A (x0 ) 
* [d//dx (x0, RIcllT) -df/dx (x0, LEFT) ] /K

L
IJmRn K= Iïrtf 'lÀ*. 

fl IS TIIE CURIINT BSTIMÅTE FtlR B.

0Nty Tm sIcN 0F F--q rs NEEDED, ÄM TIIB EqUÄTI0N BEC0[mS

F'-Q=-A (x0) * [dt¿ld" (x0 , RIGIIT) agl dx(xO , IDFT) ]

SINCE Tm INTEc&!t^_,X, IS PIìSITM, ÄND ú(*0) IS SIT
ESUAL T0 P0STTTYE 0NE.

FUNCT(EVAL)=1.0
IF IATG .BO. 1) THEN

sÈRrrrE^=CI,5_'T(nvll*1) ) 
* (1 .0/s (BVAL+1) )-(0.5-T(BVAL-I) )*s (EVÄL)

RPRIME= (0..5-T(EVAL+1) ) 
*R(EVAL)-(0. b-T(EVAI-I) )*(1.b/R(EVÀL-i¡ ¡ " 

\

ELSE
SPRItrlE= ( (0. 5-T(EV,{[+1) ) 

* (1 . 0-T(BVAL) \\ I ( ( 1.. 0-T(EVAI+1 )

)lQ(py$|.t1))-((q.ÞJ(EV{L_I¡¡x(Í.'o:i(EVÄL))*'
s (EvÄr) ) I G.0-T(EVAr-1) )

RpRIME=(O.5-T(EVÁr+1)') x¡¡UUAÍ) * (1 .0_T(BVAL) ) /
(1,g-.I(pyu:rl))i( (q,qrr(EV¡L_I¡ ¡x (1 . d:i(EVAL) )
) / (R(EVAL-I) * (1 . 0-T(EVÁL-1) ) )

ENDIF
E2=-Â (EV,{L) * (SPRIME-RPRIilE)
rF (82 .GE. 0.0) rnnit

Dit)I{=B(K)
ELSE

EHIGH=E(K)
ENDIF

ENDIF
ENDIF

rm BtATr F0RillrÀ_ (sÌp I?l 0F rrrE r0Nc I{RrrE-up) rs
USED MRN. TM FflRIiI]TA IS:

X

X

X

X

X
X
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IL(((Eq$.{-^pLgl)-.,18-. AC) .AND. (Qru .EQ. (LASTqN-2))) rrrEN
EG)- (EHIGH+Et0l{) /2 . 0
GUESS=E(K) + BI
HAYI=. TRUE.
L00P= . TRIIE.

EtSE

$!-EqS=(E!IGH+EL0H) I 2 . 0 + EI
[00P=.TRIIE.

ENDIF

SUBRO{IIINE EIVECS (FI]NCT, R,S,T,H,ÄLG,POINTS, BVÄL)

EtSE
rF ((QU_,jr:._(LÄgTQN__-Ð) .ÄND. ((c0uNT .NE. 0) .ÀND.X (COIJNT .NE. 1))) THÉÑ

El=1 .4*EI
[00P=. TRUE.

ELSE
rF (qN .Eq. (rASTqN-2)) THEN

GIIESS=E(K)
EI=0 . 5* (EPREV-E(K) )
rF (QN .Ëq. 1) THEN'

EI=O. 2* (EPREV-B(K) )
ENDIF

ELSE
rF (c0uNT .NE. 0) THBN

rF (qry .EL. (LASTQN-4)) rHEN
GUESS2=E(K)
F[)UND=.TRUE.

ENDIF
Et0I{=E(K)
EHIGH=EPREV
GUESS=(EHIGH+BI1V) lz.0 + BI
L00P=. TRIIE.
I{ÁY1= . FÄLSE.

ENDIF
rq.((g0uryT_.åa. r) .ÄND. (qN .Gr. (LASTqN_2))) rrrEN

HAYI= . FÂLSE.
EHrGH=E(K)
E[0I{=MINVÄL
CUESS= (EHIGH+EL(]H) I Z . O+EI
[00P=. TRUE.

ENDIF
ENDIF

ENDIF
ENDIF
RETURN
END

C

C

C
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C

C

C

C

C

C

L;

c

C

C

C

THIS SUBRÍ)ININE CATCI]LÄTES TM VÄLUES f]F Ä
TI[]N ÄT EÄCH GRID POINT.

INTEGER*2 ALG . EVAL. Pt)INTS . I
REÄL*8 FUNCT(í) ,R(í) ,s(1) ,r(r) ,H,s2

FUNCT(EVAL) =1 . 0

CÄtCIJt/tTE EIGENFUNCTI0N Ff|R B(x) N0N-ZER(ì.

rF (ArG .Bq. 1) THEN
D0 5 I=BVÄL+1,POINTS

FTJNCT ( r ) =FUNCT ( r-1 ) /S ( r)
CI]NTINUE,
D0 10 I=EVAL ,L,-7

IIryqT G) =FUNCT (I+1 ) /R (I)
Ct]NTINITB'

ENDIF

CÂtCIltÄTE EIGEMIINCTI0N F0R B(x) =9.

IF (ÀrG .EQ. 2) rHEN
D0 35 I=EVAL+I,POINTS

_lllIqT(r) =FUNCT(r-1) /s (r)
CONTINUE.

D0 40 I=EVAI.1.-1

^IIAÇI_G ) =Ptmct ( l* 1 ) /R ( I )
Cf]NTINIIE

D0 42 I=1.P0INTS

^IIryçLG) =FUNCT (r) / ( 1 . 0-r (r) )
Ct)NTINI]E

ENDIF
D0 45 I=1,P0INTS

T(I)=PY¡çT(I)**2
Ct)NTTNUE

cAtL sIiltPLE(T, P0INTS, H, 52)
S2=1 . o/SqRT(S2)

NOIIMÄLIZE EIGEMUNCTIÍ)N.

D0 50 I=1,P0INTS
IIIIqT G ) =s2*FrrNCT ( r )

CtlNTINT]E
RETURN
BND

NI]IIMÄTIZED EIGBNFUNC-

10

C

C

c

35

40

42

45

C

C

C

ÐU
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C

C

C

tl
C

C

tr

C

C

C
(1.

suBR0urrNE srMPtE(c, P0INTS, H, S)

TIIIS SIIßRI|ININE CÂTCT]TATES TIIE INTEGRÅI flF TM FUNCTION G FRÍ|M
)trIN T(| ruÄX, AND ST{IRES IT IN S.

INTEGER*2 PtlINTS.L
REA[*8 G(1),H,S

9=G (1 ) +4.0*G (2) +G (P0INTS)
L=1
L=L+2
rF_(L .cr. (POrNTS-1)) THEN

S=S*H/3.0
RETURN

ELSE

Ð Qtz*c(t)+4*G(t+1)
G0T0 10 

' .

ENDIF
RETURN
END

SUBRIìUTINE STÄT3 (FIRST2 , FUNCT, POINTS , DISI( , E, K , FNAtrIE , qN)

THIS SUBRÍ|IJIINE SAVDS TM EIGENFUNCTI{)NS ÄND EIGDNVÄTUES flF Ä
GIVEN 0.8.. TM EIGENFI]NCTIÍ)NS ÄND C{IRNNSP()NDING
EIGENVATTIES AND IIUANTI]T N{IMBERS ilN STÍìR]ID CI]NSDCINIVDTY IN Å
FILE Crr0sEN pRnvl0usry (IN sETI]p) By Tm usER.

INTEGER*2 POINTS,DISK.K. ON. I
&EALi8 FUNCT(1) ,E(1) , QruÉ.unú
CHÄRACTER TUÂIIÊ'*'20,,'
L{]GICAT FIRSTz

DISK=5
QNREAL=QN
vRrTE(DrSK, 12) oNREAL. BIK)
FORj{AT(F3. O.SX'.F22.¿.' " fr,'IIIgQiglrlS) (ruvcr (r¡,i=1,p0rNTS)

_F0RMÀT(4(F8.5,' '))
FIRST2=. f'ÀlSn. 

'

RETURN
END

10

C

C

C

C

C

C

C

C

C

C

c

C

C

72

1Ð
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C

C

C

c
C

C

C

C

C

C

c
C

SUBRI]TIIINE STAT4(FUNCT, Pt)INTS, DISK, FNAMB, XMIN, I{)

TIIS SI]BRÍIIJTINE SÁ,VES Tf| DISK TM X VÂII]ES (ÄT EÄCII GRID POINT)
f|F Ä GIVEN 0.8.. IDIJMIÍY' IS HRITTEN Tf) DISK Is wnII ro uitxn rnrii
ÍìIITPIJT t)F TM SÅ}M Ff)MÍ AS TM EIGENFUNCTI(]N []INP{N.

INTEGER*2 POINTS. DISK. I
&841,*q FUNCT ( 1 ), iuilr, H, RpOrNT, Dunry
CHÁRÄCTER pI'{ÀME,i. z o

DISK=5

QIPUQIQ{¿IIIE=FNIME, STÄTUS=' NEtl' )
RP0INT=P0INTS
I{RrTE (DISK, 5) RPt)rNT, Dljtr{tff
F0RMAT(F6.0, r r,F4.0, r')
D0 10 f=t.p0ÍnfS'

IWq G) =xMIN+ ( I-1 ) 
*H

Ct)NTINIIE
wÌ,rTE(Ìrsry,15) (FUNCT(r) , r=1 ,p0rNTS)
_IqRMAT(4(F8.5, " ) )
RETURN
END

SIßR0InINE EVrEI{(PIy4l,Pp.Ig_E,Pl!4l'lErpçqui'{r, BRR0R, p0rNTS 
, xMrN, xM,{x ,X ANAME;BNÄME,VNAME;EMIN,EIIÄX,LBÓ,UBC) '

TIIIS SUBRÍII]TINE PRINTS TM CATCT]TÀTED EIGENVÄTI]ES ÄND NIìDD C(II]NTS
fìN TM SCR}EN f)R TM PRINTER. IT ATSÍ| ECI(IES THE IMIJT DÄTÄ.

IryTgçER*2 ESIZE, EC0UNT, FILENU,I , CH0I_Cp,-!!C, WC, POINTS , PRINTE, VIDD0
&94_Liq_ElvÄr (ESÍZE, 1 ), EMrN, EMÁX, Xlrrn, xlrÀx 

-' - - - ) -

CHARÀCTER ENÄME*2O, AñAME*18, BNAMB*18, Vi'tmn*zo
TI)GICÄT ERRÍ)R

VIDE0=0
PRINTE=4
rF (.N0T. ERR0R) THEN

ç !!_I{f,rTEr (25)
HRrTE(*, *) l. I{HERE D0 ytlu I{ÄNT THD 0tnpu SBNT ? 'I{RITE(*. *)
I{RITE(*'*1 r 1. ) THE PRTNTERI
I{RITE(*,*) ' 2.) THE SCREEN,

10

15

C

C

C

C

C

c
C

C

C

C

C
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CALT WRITEL(10)
REÄD(*,*) CÊ0IcE
rF^((çq0Jgå,r'l!..i) .AND. (cH0rcE .NE. 2)) THEN

CALL HRITEL(25)
HRITE(*,*) f*x* BRR¡R *x*'
WRITE(*, *)
!B,ITE(*,*) 'y{)ucÄN (]NLY cHtlf]sE THE PRTNTER 0R TrrE SCREEN. 'cÁLL I{RTTBL(10)
CALL HIìLD
CALL I{RITEL(25)
Gt)Tt) 5

ENDIF
rF (cH0rcE .Eq. 1) THEN

qlpN (PRINTÐR, Fï[E=' LPT1 : ' )
FILBNU=PRINTE

1nLI

18

20

10

15

.') 'lLT

22

I{RITE(FIIENU, 15) ENAME
F0rulAT( | *** THE | . A20. t E0UATION *** ' )I{RITE(FILENU.*) t **.x****x*x*x********x*xx*x{******

x*,k*{.***********{** r

HRITE(FIIENU. *)
M,ITE(TILBNU, 1?) ANAME, BNÂME

,.{qruA.t(:ñr,+: ,\ A(") = ',Â18,' B(*) = r,Al.B)
I{RITETFILENU. *)
tlÌ,ru(rnnNu;1á) vNAME

,.{qH4t(: v(x) = t,A20)
I{RITE(FILENU. *)
I{RITE (FITENU; 2Ó) p0rNTS 

, XMIN. XIÍAX

,. l0&ryAT( 
| 

' ,I4, '' p0INiS xlrflN = f ,F9.4, I XMAX
x = 

"F9.4)WRITE(FILENU, *)
q.((L_B_c._.IA_.,.1) .4N1._(mc , EQ . 1) ) THEN

I{Ì.ru(r'rtENu; 21) XMrN, XMAX'

,l0RìlÄT(: pSî(,,F10.3,')=0.0',3X,'pSI(,,F10
X.3,') = 0.0r)

ENDIF

BLSE
FILBNU=VIDEO

ENDIF
D0 10 I=1 ,5

_HRITE(FILENU, 
*)

Ct]NTINUE
cArL HRTTEL(25)
wRrrE(FILBNU,#) 'Xr**{<************** r

x x***** ********** **** ***********+

THBN

= 0.0',3X,'dPSI/dX( r,F

rq.(GB-c._.åq_.. Ð .4Np. (uBC .E8. 2))
wÌru(I'ILENU; 22) XilrN, XMAX'

..- ^ ^Fg|l{,tT( l . PSr( |,F10.3, ')XiO.3,') = 0.0')
ENDIF
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'FR[]B. BXP. OF

THÐN

0.0' , 1x,

3))

rl *23

rF ((LBC .Ðq. 1) .AND. (UBC .80.
wRrrE(FILnruu, zs¡ xMIi,¡, xMAx'

^^_ 
qqR¡llr('_ rsr(' ,F2.3,

PSIÄTX= r',F7.3)
BNDIF
iq.(p^åc._.!!_.?.) .4N!._(mc ,88. 1)) THEN

I{¡rTE(FrLENU, 24) XMIN, XMAX 
-

,._^ ^F9[{MÄT(l . dpsi/dx(,,F10.3,') = 0.0',3X, 'psI(r,FX10.3,') =0.0')
ENDIF
q.(p_qc._._B_L. 2) .AND. (uBC .BQ. 2)) THDN

HRITE(FIIENU. 25) XMIN.XMAX'

-. * !08{ÄT(r \ dpsi/dx("F9.3,') = 0.0"3x, 'dpsl/dx(lX,F9.3,') = 0.0')
BNDIF
rq.((LB_c._._qq_. ?) .AND. (uBC .ÐQ. 3)) THBN

HRrTE(FrrENU; 26) XMrN, XMAX'

..- ^^_FqLI!4T('_ dPSI/dX(',F7.3,') =0.0r,1X, 'FRt]. EX. 0
XF PSI ÄT X =ì ,F7.3) , \

ENDIF
q.(p_qc.-.gq_..3_) .4N!.__(mc ,BQ. 1)) THEN

W¡IIE(TILENU; 27) xMrN, xMAx 
-

IqRUAT( 
| FR0B. EXp. 0F pSI ÄT X _ 

' ,F7.3,1X, 'pSXI (i.,_q7_.3, ') = 0.0')
BNDIF
q.((Lqc._.$_. g) .4N0. (uBC .Eq. 2)) TrrBN

HÌ.ITE(FILENU; 28) XMrN, XMÄX'F0RMAT(j FRt].. EXP. 0F PSI AT X= , ,FT .3, l X, ' dpSI/Xd{(,:,I7.3 , 
,) =0.0' )

BNDIF
rq,(p^åc._.$-..9) .4N!._(uBC ,BQ. 3)) THBN

HÌ._rTE(FTLENU; 29) XMIN, XMAX'
_-_^_ L[ìRMA.T(r FR{).'EXP. AT X=',F7.3,1X,'FR0. BX. 0F
XPSI AT X='.È7.3)

ENDIF
rF (rBC .Eq. 4) THEN

wÌ.rrE(FrtBNU, 30) XMIN, XMÀX
F0nìlÄTrt ' ÞsI("F10.3,')=psl("F10.3,')

XÄNDI) \

I{RITE(FILBNU, 31) XMIN. XMAXFqrylA.T(' dPSI/dX(,,F10.3,') =dpSr/dX(',F10.3
X, ') = 0.0' )'

BNDIF
rF (rBc .Eg. 5) THBN

I{Ì,ITE(IILENU, 32) XMIN, XMAXF0Ri{ÄTlt psÎ("F10.3,')=psl("F10.3,') 
=0x.0 ÄNDr )

I{tITE(I'ILENU, 33) XMIN, XMAX

..^ ^ TQUTAT(' arsrTax(',F10.3,') = dpsr/dx(',F1x0.3,')r)
ENDIF
I{RITE(FILENU. *)
vRrrE(FILENU; 36) EMrN, EMÅX

,/1

t<

26

27

28

29

30

o{
ÙI

a9

33
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F0RMAT( | EIGENVÄIIIE TIMITS : | ,FIz.4,, , ' ,3X, FI2 .4
X)

HRITE(FIIENU, *)
HRITE(FITENU,*) ' NODES 1¡FI

_!-qITE(Fr[ENU,*) ' EIGENFTINCTI0NS
XEIGENVAII]ES I

-- HRITE(FIIENU,*) | ==============Y-------:---- |

HRITE(FIIENU,40) EIVAT(1, 1) .ErVÄL(1 . 2)
rF^((Frr.ENU:ÐQ: 0) .AND. (ECI]UNT .dn. l¡) THEN

cÁ[L HRTTET(2)
PAUSE 'HIT RETURN Tt) SEE THE REMAINING EIGENVÄLUE(S). '

_ ç{r_r r{RrrEL(2)
ENDIF
D0 55 I=2,EC0UNT

rF (FrLENU.Bq. 0) THEN
rF (M0D(r,10) .NE. 0) THEN

I{RrTE(FILENU,40) ÉIVAL(r, 1),EIVAL(r. 2)

-_ ,l0RJfAT( ' 0 ' ,F12 .t,1 ' '' ,îí0. +¡
ELSE

cAn wRrTEr(2)
PÀUSE 'HIT RETI]RN Tt) SEE THE REMAINING EIGENVALUE(S). I

CÄLt I{RITBLI2)
HRrTE(FIIENù,45) ErVÄr(r, 1) .ErvÄLtI. 2)

-..-FtlRllÄT( 
| 0 | 

,F12 .i i, 
' '' ,îí0. +¡

ENDIF
ETSE

HRrTE(FrLENU,50) ErVAr(I. 1) .ErVALtr. 2)
_..^F0RMAT( ' o ' ,F1i .i;,' '' ,îí9.4¡
ENDIF

CIìNTINUE
rF (cH0rcE.EQ. 1) THEN

_ cr0sE(PRTNTER)'
ENDIF

ELSE

çA!!_HF:ITEr(12)
..-J}ITq(-,*) ''THE EIGENVATUE(S) DIDNI'T FÄ[[ WITHIN THB GIVDN LIilt
XITS !!!f

cÄrr I{RTTEL(10)
BNDIF
RETURN
END

35

/f
4Ð

ðU

55
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Appendix D

Test and Utility Subroutines

A test program, TSTS, was written in order that the valious

tlansformations employed in NpLoT courd be checkecl. The program is

set up for three and four atom molecules only. TSTS requires an o
matrix (see chapt er 2) to be recalled from disk, so one must have been

previously stored on disk. The user indicates the number of coorclinates

fol the molecule, chooses the number of grid points at which the testing is

done, and chooses the two variable coordinates. As well, equiliblium

values for the other coordinates are chosen.

This program first carries out the transfolmation fi.orn tlie ta¡get

coordinates (e.g. BRI or Hypersphericals) to bond distance coorclinates.

The inverse transformation is then done, ancl the new values fo¡ the

tat'get coordinates â,re compared to tire original values. If the coor.clinare

Values do not agree to within a small constant value, an eïr-or message is

plinted.
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The transformation to bond distance coordinates is then done,_ ancl

these values are compared to the first caiculated set of bond clistance

coordinates. Again, if there is any discrepancy, an error. message is

printed.

The entire procedure outlined above is performed at each glicl point

for the two variable coordinates.

To facilitate running TSTS, a batch file was written, which copies

the objeci code of the particular transformation (e.g. BRI ,polar. etc.)

from floppy disk and links it with the rest of the program. When li¡lii¡g
is finished, the program can be run.

Mainly for the purposes of testing the progÌam GJVGEN, three

small test programs were used.

The first of these is the program MULT, which pr.ompts the usel fol

the elements of two n x n matrices, multiplies the two matlices together,

and prints their product.

The second program, INVER, prompts the user for the elements of

arL n x n matrix, and then prints the matricers inverse.

The third program, PSQRT, prompts the user for the elements of an

n x n matrix, and prints the matrice's positive square root.

A batch file was written which copies from floppy clisk the object

code of one of the above three programs ancl links it with the FORTRAN

libraries. An executable file is then ready to be run.
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$DDBUG
$Nt]FtOÄTCAttS
$ST0RÄGE:2
U

C

C

PRI]GRAM TSTS
C

C

C

C

IUT9çÞR-_2 EIR, SpCrI, J,K,itAX4,p0INTS,NCO{)RD,N, R0t{S, C0LS

[l,^4!:q_,{çr!(1, +), xMrN (e), xM.{x (e), H(e), Q1 (e), q2 (e), xr 1o¡, x2 (e)
LOGICAL ERRIìR
OH,{RACTER R0HNME (4) *15 

, C0LNME (4) *5 
, M0LNÄM*20 , TRNÀiltE*20 , SNAMB*20 ,X L0RB*1,CORC*1 

' \ /

AC=1 .00-06
M,{X4=4

Ii&lT9(-ri) 'M0LECUTE rS TTNEAR 0R BRANCHED ? (L/B)'
READ(*,2) IURB
F0RMAT(41)
I/RITE(*., *) 'GIVE THE NI]MBER (}F C[)[)RDINÁ,TES. I

READ (* ,,*,¡'ttc{l0Rl
N=(NCt]0RD+6) /3
rF '(N 

.Eq . 4J ',THEN

I&lTg(-,:) lçqA FRAME 0R 3 cJV FRAME ? (c/G) '
REÄD(*,4) C(}Rc
F0RMÀT(Ä1)

BNDIF
R0I{S=N-1
C0[S=N-1
I{RrTE(*,*) 'RECAII A,N 0 MÄTRIX FRÍ]II DrSK. '
CALL RECALT (S , RtlI{NilIN , C{]INME, M()INAM, TRNAME, SNÂIIE , trIÄX4 . RtlIlIS . COLS )
I{RITE(*,t) 'GIVE THE TARGET C0ORDTNATES VHICH A.RE'VARTABIE. t' ',

RBAD (* , 
*) 'FIR, 

SEC
I{RrTE(x,*) ,GrVE THE NUMBER 0F GRrD p0rNTS. 

'
READ(*,*) P0INTS
I{RITE(x,10) FIR

^{q$t4J( : ç.lIE_IrE RANGE F0R TARGET C00RDTNATE',11,' .' )
&p4l_(- ,l)_ryìgN (FIR) , xM.{x (FIR)
ERR[)R=. FÄLSE.

I1(II&h (x!!+L(FrR)-xMrN(FrR) ) / (p0rNTS-1)
I{RITE(*,15) SEC

^{qu4.T(: g.lIE_ IHE RANGE FOR TARGET C00RDTNATE ' , 11 , ' . ' )
READ (I, *) XMIN(SEC) . XMAXTSEC)

I ( sE_c i= (il{A{ (!Þc) jiurN 
( sEC) J¡ 1r o nvrs-r ¡

D0 25 I=1.NCtlûRD
rF-.((!_.l\'p. FIR) .AND. (r .NE. sEC)) rHEN

I{RITEI*.20) I
F0RJÍÄ'T(' drVn xEq("11,') .' )

REÂD(*,*) X1(I)
ENDIF

CONTINUE

Ð

10

15

20

OXLr)
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SCÄN THIIÍ)UGH RÁNGE.f]F FIRST VÁIIIÅ3I,E Ct)tlruINÅTE.

D0 45 I=1.P0INTS
X1 (FIR)=XMIN (FIR) + (I-1) *H (FIR)

SCAN Tm.tìUc[ RÁNGE 0F SECI)ND VitRIhI]tE C00RDINÄTD.

C

C

C

C

ti
C

D0 40 J=1.P0INTS
X1 (SEC) =XMIN (SBC) + (J-t ) *H (SBC)

ç{t!_ITqg(u,_q.1 , ñ, s', MAi4, LbRB,'nRR0R, CORG)
rF (ERROR) THEN

G()Ttì 5
ENDIF

çAtllQTqI(q1,_{?, N, s, tr{Ax4, L0RB, c0RG)
rF (ERR0R) THEN

GOT[) 5
ENDIF

D0 30 K=1.NC[)0RD
rF (ABS(X2(K)-Xl(K)) .cT. ÄC) Tr{EN

. rF ( (í.{^.Lq: 2)^.Äl'r.0... (I .80. 3)) .0R. ( (K . LD. 3)X .AND. (N .E(]. 4))) THEN
I{RITE(*,'*)'X2 ('',k',' ) IS:' .X2lK)

_-I{RITE(*,*) 'x1(' ,x,') tS: ' ,xt(x)
ELSE

rF (ÄBS(COS(x2(K))_C0S(x1(K))) .Cr. AC) THDN
HRITB(*,*)'C{]S(x2(,,K,')f îS,' .C0slÍ2rto)
I{RrrE(*, *) 'ct]s (x1 ( , ,K,') ) rS , ' , COS (Xt (r) 

J
ENDIF

ENDIF
ENDIF

C()NTINUE
cÄtt xT0q (x2,q2, N,S,MAX4, [0R8, ERR{}R, C0RG)

CffiCK TII/IT TRÄNSF0IÌìIÄTI0N IIÄS BEDN CII0RBCT.

CMCK TIÄT II{YERSE TRÅNSFÍINMATIÍìN IIÄS BEEN C()RRNCT.

D0 35 K=1,NC0tlRD
rF (ABS(q2(K)_Q1(K)) .cr. AC) TrrEN

HRITE(*,*)'02('' ;K,' ) IS:' .0zlx)
-..Ï$lTE(*,*)'q1(' ;K,' ) rS: 

"tir(x)
ENDIF

Ct]NTINUE
Cf)NTINUE

C(]NTINUE
STf)P
END

C

C

C

30

C

C

C

óÐ
40
/F
+Ð
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C

C
-C

C

C

C

C

C

c
C

suBR0urINE qTOX (q , X , N, S , MAX4, L0RB , C0RG)

INTEGER*2 N.MAX4.A
REAL*8 y(4.q 

?$(â.1p?(g) 
'I(Ð*p(r14x4,1) 

,Tnilp1 (4,4),rnrrp2 (4,4) ,x TEMÈB (+',4iìrÉup¿ l+'.L1ìniinÀ r+.41- 
/ 7 -"'

CHÂRACTER TRNAMB*2o. I,(ìRB*i . coRc*i
C

C

C CÄTCT]LATE TÄRGET CI)I)RDINÄTES FR{IM B(IND DISTÄNCFJ}OND ÅNGTBC CI|IIRDINÄTES.
C

tr[AX4=4
CAIL FSOURCIO. 52. N. LORB)
cÄrr Forì,M(si ;i,ru,UÁX+¡ 

/

A=1

ç4!! Iup.&lt (I, ly, A, g, !!4Ia, rBMp 1, TEtrrp2, TEMP3, TDNP4, BXTRÄ, TRNÄMB)

^ cÄLt F0RIIIN(Y,X,N;rrAX4)
C

C IF C[Ä FRilm IS Emt0YED, CÄLCI]LÄTE itNctE p[I.
C

rF^((ry ,qq,._a)-., AND. (C0RG .EQ . 'C' ) ) TrrBN

_ .q4lr r0PHr (x)
ENDIF
RETURN
END

suBR0{nINE XT0q (X, Q,N, S,MÄX4, L0RB, BRR0R, C0RG)

INTEGER*2 N,MAX4. Ä. NC[]{)RD

.REAL*8 x2(g) ,y(4;*).*g(1) ,$2fÐ*x(1) ?p(1r4x4,1) ,TBIIP1 (4,4) ,

{ ^ ^_fqu!_2(1r4),Tni{pg (+',+),iníÉ+ (+',4),nxr[Á(4,¿l - \ -, - /,
TIIGICÄT ERRtlR
CHÁRACTER TRNJ,ME*20, T(IRB*1 . CORG*1

C

C

ç CATCIITATE B[|ND DISTÁNCF,-$0ND ÄNctE C0(|RDINÀTBS FR{ìM TÄRGETC CÍ)Í|RDINÄTES.
C

NC00RD=3*N-6
MAX4=4'CALL 

ASSrcv (q, x,Nct)t)RD)
C

C CÄtCIltÄTE TIIIRD ÄNGLE FR0M ÅNGLE PIII, IF CII/I FRrtl{B IS D[trtoYED.
C
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rF_((ry lBq. 4) .ÄND. (C0RG .Eq. 'C')) THEN
cÁLL FR0MPH(q,ERR0it)

ENDIF
cÄLt F0RJ{(Q, Y, N, MAX4)
L=2
cAtL TRF0Ril (y , N , A.S,,.y4{é , TEtftp 1 , TEltp2 , TBMP3 , TEMP4 , EXTRÁ. , TRNÄNB)
cArL FORtrrN rY: xi. ñ.unx+l'
ç4_LI,_TS0[iRC (XZ, q, N, L0ng, ERR0R)
RBTURN
END

C

C

C

C

C

suBRt)utINE FORÌ{(X, Y, N, MAX4)

INTEGER*2 N,TIAX4. I . J. C(]{INT

^ REAL*8 X(1) ;Y(MÄX+',t¡
(.1

C

C F0ru{ MTITRIX 0F TÄRGET C00RDINÄTE VÄLUES.
C

C0UNT=0
D0_10 I=1, (N-1)

C0IINT=C0UNT+1

I.Gql¿q ' 
cOuNT) =x (c0uNr)

1O CIINTINT]E
D0 30 I=1, (N-1)

D0 20 J=I+1, (N-1)
COUNT=COUNT+1 

.

IG,J) x(c0uNr)
20 CONTINUE
30 CONTINUE

RETURN
END

suBR0urrNE FSI]URC (q , qSANc 
, N, L[)RB)

INTBGER*2 N.I
RBÄ[*B q (1) ; QSANG (1),C0SANG,Pr
CHARACTER LORB*1

C

C

C CATCI]TATD B{|ND DISTÄNCF'-BÍ)ND ÁNGTE COI'N,DINÄTES FRllM BOND DISTÂNCEC CI]ÍìRÐINATES.
C

PI=ÄC(]S (-1 .0)
D0 5 I=1, (N-i)
_ 

qs4NG(r)=q(r)
5 C(]NTINIIE

C

C

C

C

C
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rF (N .Bq. 3) THBN

3i if itõ,ç%çt¿tr |î%f ) 
* * 2-q ( s ) 

* * 2 ) t e 0* q( 2 ) 
* I ( 1 ) )

_..Qq{Nc (3) =AC0S lcosutc¡
BNDIF
rF ((N.Eq.4) .AND. (L0RB .80. 'B')) TIIEN

Ç994t{,c_(q(l)l;r,tg(2) **z-ti G)*{ú I (2.0*q(2) *0 (i) )CÄLt ÄCHECK(COSANç) 
,

qSANG (a) =,{CÙs (c0sÑ{c)

3îif\hÇ%lÍ1#rï,%f ) 
**2-Q(5 

) 
**2) t Q 0*q( 1 ) 

*Q (3 ) )

qsANG (5) =Äcùs (cosñcl

Siit\hÇ%Çr/ffi^_K ) 
r * z-q ( 6 ) 

* * 2 ) t Q 0* q( 2 ) 
* q ( 3 ) )

_..Qq{Nc (6 ) =ACùs qcoslruc ¡
ENDIF
rF ((N.BQ.4) .AND. (L0RB.E0. 'L')) TIrBN

C0SANG= l0 r i ) --?,lg(zl **2-q(4) **íJ 
¡ çz-.0*Q (2) *q ( 1) )crH, tcub'cx(cosnn"cI' - r\ ^'/

qs,{NG (a) =ÂCÙS lc0slltcl
C{lS,{NG=l-0 f s) **z*q qr) **z*q (3) **2) I e .0*q(1)*Q (3) )cul, lcuEcitTCosmci" - ¡ \- /

qSANG (s) =p1-¡ç0s (Úosmc)

Ç94N$:(q(4Xl?19^G) **21q (6) **z-Q (1) **2) I e .0*q(2)*Q (3) )CALLAcHECK(CIISANG), 
f\ /

_,.Qq{NG 1a¡ =lcùs lcosllc¡
ENDIF
RETURN
END

C

C
(1

Eq. 2) THBN
TI)JAC(Y,N,iltAx4,T

rF (A .,
CATT

ENDIF
CAtt SI
CÄLL TR
CALT TD

NVERIY.TEM
arusn(v,s,iv
BGRÁ (Y, N, trf

C

C

C

C

suBR0urrNr 
Toioffl\t, 

N, Ä, s, trrÄX4, TBNP 1, TEMP 2, TBNP3, TBMP4, BXTR¡|,

INTECER*2 N,Ä,trfÄX4. I. J

,*otiIfiÍitilifiì,v(uÁx+, 1),Tntr{Pl(HI1 .Ð.,..,
.HARACTER tn¡rmolàôTEMP3 

(IIAX4 , t ¡ , rnltl4litÁx+, 1) , DXTRA (MÁx4, 1)

F0RM C 0R C, ÄND CAtCUt,ttr ocot 0R 0-1G, (O-1¡t

EMP1 , TBNP2)

P1,TBilP2,MAX4,N)

? $ ? 
[faILTEMPl, TElfP2, TBMP3)

AX4, TEMPl)
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rF (A .Eq. 1) THEN
CÁLL FR0MJrq, (Y, N, ÙlÄX4, TEMP 1, TElfP2, TBMP3, TBMP4, BXTR,{, TRNANB)

ENDIF
RETURN
BND

C

C

C

SUBR0UTINE SINVER (Y, P , TEilIP , [ÍAX4 , N)
C

C

INTEGER*2 N, r, J,K,[ÍAX4,D

^ REA[+8 TEMP(MAX4,1),p(MAX4,1),y(MÄX4,r),SCALAR
C

Cc F0ru{ cRÅu [rÄ.TRrx (c 0R c.) .

C

D=N-1
SCALAR=O.0
q4!1, I'Í TSCA (TEMP , SCALAR, P , D , iltAx4)

ç4LL AS!rcN(P,TErilP, D,MÄÍ4)
D0 120 I=1.0'

J=I100 rF (r .Eq. J) THEN
P(I,J)=Y(I,J)**2.0

ENDIF
rF (r .NE. J) THEN

_.1(!,J) =cOs (y(r,J) ) 
* (y(r, r) ) *y(J, J)

BNDIF

t(J,I)=P(I'J)
J=J+1

rF (J .rE. D) THEN
G0T0 100

ENDIF
I2O CONTINI]E

cALt ASSIGN(Y,P,D,MÄX4)
RETURN
END

SIßR0{ITINE TRANSF(M,S,N, A,li{Á,X4,Sp, ST, p)

INTEGERI2 MÄX4,D,A,,N
REÄ[*8 M(MAX4, í),S(UÄX+, 1),Sp(MAX4, 1),DBT,ST(MAX4, 1),x P(MÀX4,1) '

C

C

C

C

C
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C

q cilcIJrÄTE ocot oR o-1c. (o-l)t.
C

D=N-l-
CÄLL ÄSSIGN(SP. S. D.MAX4)
rF (A .Nn. r) rÉnñ ' /

cÁ,tl rNVDÉT(P, SP, D,MAX4, DET, ST)
cÄtt ASSIGN(sp,r,l,lßx+)

ENDIF
CÄLt MÄTRAN (ST, SP, D, MAX4)
C¡,tt MÂTMIJL (P, M. SÎ. D.MAX4)

çA!!_ryruur (M, sÞ, r, n, mx+)
RETURN
END

C

C

C

C

C

SUBRI)IITINB TDEGRA (M, N, MAX4, A)

INTEGER*2 MAX4.N. I. J.D

^ REAI*B M(MAx4 ,t)',A(uÁx+, i;
C

C

C CÂTCT]TATE BflND DISTÄNCE-B(|ND ÅNETE CI]IìRDINÄTBS FR[]M CRÅ}Í IÚTTII,IX,C tlR CÄICI]LATE BÄSIC RÍ|TATIÍ|NÅL INVÅRIÅNT COOMTI,TITNSTN-ONI GR,ITT-'C MÄTRIX.
C

D=N-1
D0 20 I=1.N-i

J=f10 rF (r .Eq. J) THEN

-,4G, J) =M(r., J) ** (1 .o I 2.0)
ENDIF
rF (r .NE. J) THEN

-.,{9, J) =M(1, J) / (M(r, r) *M(J, J) ) 
** (L . 0 I 2 . 0)

ENDIF
rF,((r_..*u.{) .AND. (A(r,J) .cr. i.0)) rrrEN

Â(I,J)=i.6'
ENDIF
rF,((r_..N8. J) .ÁND. (Ä(r,J) .LT. _1.0)) TrrBN

Ä(I,J) = -1.0
ENDIF
rF (r .NE. J) THEN

-.4 (l,J) =,{C0S (A (I , J) )
ENDIF
A(J,I)=A(I,J)
rF_(J_ .rT. (N-1)) THEN

J=J+1
G0T0 10

ENDIF
20 C{)NTINUB
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U

C

C

C

C

C

C

C

10

CALL ASSIGN(M,A, D,MAX4)
RBTURN
BND

SUBROIIIINE FI]RMIN (Y, X, N, MAX4)

INTEGER*2 I, J,N,MAX4, C0UNT
RBAL*8 X(1),Y(MÁX4,1,)

ASSIGN TM INDIVIDUTT CÍ|()RDINÄTES Tf| X, FRflM MÂTRIX F{)I${ IN Y.

C0UNT=0
D0 10 I=i, (N-1)

C0UNT=C0uNT+1

I GqUNI) =Y (COUNT 
' 
coIlNT)

Ct]NTINUE
D0 30 I=1, (N-1)

D0 ?0 J=I+1, (N-1)
C0UNT=C0UNT+1

-4 
(C0UNT) =Y (I , J)

Ct)NTINUE
Ct]NTINUE

RETURN
END

suBR0trrINE TS0URC (qSANG , g , N ,t0RB , ERR[]R)

INTEGER*2 N

$84!iq qq4NG(1), q (1),Pr
L(]GICAL ERRtlR
CHARACTER [t)RB*1

CÄLCT]LÀTE B[)ND DISTANCE CÍII|RDINATES FRtlM B[)ND DISTÄNCFJ}OND ÄNGIE
CflÍ|RDINATES.

20
30

C

C

C

C

C

c
C

C

C

C

PI=AC0S (-1 .0)
D0 5 I=1; (N-1)
_ 

q(r)=qsÄNc(r)
5 CI)NTINUB

ttntil 
=trïrlì,tnu*

x-, -- c0s(qsiÑåläii;g*tÎlilÎÍ?ài-' 
0-2'O*qsANG(1)*QSANGIz¡*

ENDIF
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iF (N .Eq. 4) THBN
rF (L0RB .EQ. '[') THEN

.. rF ((qs,{NG(1) ,BQ,.fr) ._AND. (QSANG(6) .NB.x (Pr - qsÄNG(5)))) THEN
ERR0R=.TRUE
I{RITE(*,*) IERRI]R ! ! INCÍìRRECT CI]NFIGURATII]N tlF MI]IBCULB.x' '
G0T0 10

ENDIF
rF ((qsANq(Ð.8Q. 0.0) .AND. (qSÄNG(4) .NB. QSANG(6))) TrrDN

ERR0R=.TRUE
I{RITE(*,*) 'BRRI)R ! ! INCI]RRECT CIÌNFIGURÄTION {]F MOLBCUIB.

xl

C

C

C

G0T0 10
ENDIF

ENDIF

CMCK TIIÄT ANGTES flBEY I CEÍIMETRY RI]IES. '

Hû+iiçk,*) 
'TNC0RRECT RÄNGE 0F ANGLE(S) ! I ! '

ENDIF
rF ((qsÄNg(+¡qsil'{G(6)) .rr. QSANG(5)) THBN

ERR0R=. TRUE.

[ü+äif , 
*) 

' TNC0RRECT RANGE 0F AN$E(S) ! ! ! '

ENDIF
IF ((8sANg(+)+qsANc(b)) .Lr. qsÄNc(6)) THEN

ERR0R=. TRUE.

Hå+äiçt,*) ' TNC0RRECT RANGE 0F ANffiE(s) ! ! ! '
ENDIF
IF ( (QSAN[(p)+QSAttc (5) ) . tT. qsÄNc (4) ) THEN

ÐRR0R=.TRUE.

Hû+äif,*) 'rNc0RRECr RANGE 0F ANGLE(S) ! ! ! '

ENDIF
IF ((N.Eq.4) .AND. (rt]RB .E0. 'B')) THBN

x q (4) 
õó3?åHîñåliiii 

gr?i|äîi?) **r 'o-2 
o*QSANG ( 1 ) 

*qslNc (2) *

x q(5)¡Á$?ôHîñåläii;9r?î1äît:ài., 0-2 o*qsÅNc(1)*QSANc(B)*

.. a (0):(QqANç(?)i:?, grQsllrQ (3)1*2 .0_2.O*QS/\NG (2)xQSANc (3) *
X

ENDIF

IF ((qSANç.(+)+qSÄNc(6)+QSANG(5)) .cT. (2.O*pr)) rHBN
BRROR=.TRUE.

rF^((ry .,8^Ar.4)..Ar,{q. (rORB .Eq. 'L' )) TI{EN
q (4)õé3?åHîñåläiii9ï??1äii?) **i'o-z 0*qslNc (1) *qsÄNc (2) *

0 rsI¡[$fiìïfl^ftt?tiìiiAi? 
3i3]3To** 

(1) *QSANG (3) *

q (6) =(q Ø)**2. 0+Q (s)*'xz. Ò-QSmc G)**z.o-
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10

C

C

C

U

C

C

C

C

C

2. O*qsANG(2)*qSANG(3)*COS(qSANG(6) ) ) 
**(1. 

0 12.0)
ENDIF

BNDIF
RBTURN

END

suBROurrNE ACHECK (C0SANG )

RE¡,[*8 Ct}SANG

/TVOID R[|T]ND flFF ERRÍ|R IN CÄLCULATIÍ|N f)F CÍ)SINE t)F ÄNGTES.

IF^(C0SANG .rT. -1.0) THEN
C0SANG=-1 .0

BNDIF
rF (qq$ANG .cT. 1.0) THEN

C0SANG=1 .0
ENDIF
RETURN
END

suBR0rnrNE T0PHr(x)

REAL*B X(1),DEN0M, N[ltrtER, PI, C0SANG, AC

CÁtCIltATE ÄNctE PII F0R CII/I FRÄilE.

PI=AC0S (-1 .0)
AC=1 .00-{9
rq.((Qrry(x(4)) .rr. Äc) .0R. (srN(x(5)) .rr. Äc)) THEN

X (6) =P1
EtSE

Çg 
g$N,c:(cgg (I (,6))J0s (x (4) ) 

*c0s (x ( 5 ) ) ) / (srN (x (4) ) 
*srN (x ( 5 ) ) )cALr ÄCHECK(C0SÁñG) '

_ {(q)=Äc0s(cùsÄNc) 
'

ENDIF
RETURN
BND

suBRtlurINE FR0MPH (X, ERR0R)

REAL*8 X(1).AC2.PI
rOcrcÁr Ènft,Ón

C

C

c

C

C
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C

C

c TRÅNSF0nM FR(]M ÄNGLE p[I T0 ÄNcrE O23.
C

ACZ=I.00-08
AC=1 .0D-{5
PI=Á.C0S (-1 .0)

,rF,L(A-BS(slN(x(¿))) .rr. AC2) .0R. (ABS(srN(x(5))) .LT.X ÄC2)) THEN

__{(0)=lc0s (c0s (x(4) ) 
*c0s (x (5) ) )

ELSE 
.

ENI[$) 
=AC0s (sIN (x (4) ) 

*srN (x (5 ) ) 
*c0s (x (6) ) +c0s (x (4) ) 

*cOs (x (b ) ) )

C

C CMCK TIAT ÅNGTES flBEY ' GEI)}MTRY RTIIDS. '
C

IL(({(4)r{G)+x(5) ) .GT. (2.o*pl) ) THEN
ERR0R=.TRUE.
IjRITE(*,*) ' TNC0RRECT RANGE 0F ANGrB(S) ! ! ! '
G0T0 1b'

ENDIF
IF ((x(a)+x(6)) .tT. x(5)) THBN

ERR0R=. TRUE.
rj&rTE(x,*) 'TNC0RRECT RANGE 0F ANGLE(S) ! ! ! '
G0T0 1b-

ENDIF
IF ( (x(4)+x(5) ) .tT. x(6) ) rHEN

ERRÍ]R=.TRUE.
I{RrTE(*,*) 'TNC0RRBCT RANGE 0F ANGLE(S) ! I !'
G0r0 1b'

ENDIF
IF ((x(6)+x(5)) .lr. x(4)) THEN

ERRtlR=.TRI]E.'

IIITE(:,*) 'TNC0RRECT RANGE 0F ANGLB(S) ! ! !'
G0T0 10

ENDIF
10 RETURN

END

C

C

C

$DDBUG

$NOFL(],{TCALtS
$STtlR,{GE: 2
C

C

C

PR0GRAM illUtT
C

ç This program calculates the product of tuo nx z matrices.
U

INTEGER*2 T, J, K, SIZE, RANGE
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RBAL*B M1 (30,30),M2(30,30),NBI{(30,30)

70
BO

,l)

,t)

K),

RAI'

)

)

)

I

)+NBI{(J,l()

NGE)

81
83

90
100
i10

{G

)
I

ST(]P
END

C

c
C

C

C

c
c

PRI)GRAM INVER

This progra.m calculates the inverse of àn nx z matrix.

,TNTEGER*2 K,RANGE,r,J,T,q,SrzE,R,C,R1(40),C1(40) ,L,L1.,L2,L3,L4,L5,,XL7
REAI*g DET,y(40),Å(40,40),M,8, B,B2,H0tD (40,40),p,AINV(40,40)
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'rrrJrt).'

I{RrTE(*,*) 'GIVE N. '
RBAD (* , 

*) 'RANGE

D0 2 I=1,RANGE
D0 1 J=],RÂNGE

I/RrrE(*, *) | GIVE M(

_48¡!(*,*).A(r,J)1 CI}NTINT]E
2 CI]NTINUE

D0 5 I=1,RANGE
D0 4 J=1,RANGE

rlq_r!(r_J)=Á(r,J)
4 CÍ)NTINT]E
5 CONTINUE

K=0
DET=1

20 K=K+1
rF ({_.GT. RANGE) THEN

G0T0 47
ENDIF
I=0
J=0
B=0

22 I=I+1
rF_(!_.cT. RANGE) THEN

G0T0 34
ENDIF

Q=024 Q=Q+1
rF_(q .GT. (K-1)) THEN

G0T0 27
ENDIF

25 r4 Cr- .nq. R1(q)) THEN
G0T0 22

ENDIF
G0T0 24

27 J=J+L
rF_({.cT. RANGE) THEN

J=0
G0T0 22

ENDIF

Q=029 q=q+1
rF (q .cT. (K-1)) THEN

G0T0 32
BNDIF
rF (¿.8q. c1(0)) THEN

G0T0 27
ENDIF
G0T0 29

32 _Þ.{BS(A(r,J))IF (E .GE..Bi îÍIEN
Ri ¡r; =1
c1 (K)=J
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35
36

41,

42

B=E
ENDIF
G0T0 27
L7=C1 (K)

L=Ri (K)
B2=ABS (A (1, L7) )
P=,{ (1, [7)
IF (82 .LE. 0.000000000001) THEN

I{RITE(*,*) rDBT 
= 0 AND IñVERSE D0ESNilT EXISTI!M !!|

DET=DET*P
D0 36 I=1.R,{NGE

D0 35 J=1.RANGE

_4 G¿Ð_=H0LD (r, J)
C{]NTINT]B

CtlNTINUE
G0T0 80

ENDIF
DET=DET*P
R=Rl (K)
C=C1 (K)
J=0
J=J+1

rF (J .cT. RANGE) THBN
G0T0 41

ENDIF
rF (J .BQ. C) THBN

A(R,C) =1,.01P
G0T0 38

ENDIF
Ä(R, J)=A(R, J) /P
G0T0 38
f=0

J=0
I=I+1

rF (r .cT. RANGE) THEN
G0T0 20

ENDIF
il{=.{ (I , C)
rF (r .BQ. R) THBN

G0T0 42
ENDIF
J=J+1

IF (J .GT. RANGB) THEN
J=0
GlTï 42

ENDIF
rF (J .Eq. C) THEN

4(I.c) =M/ (-P*1 . o)
G0T0 44

ENDIF

4(IrJ):A (r , J)-A (R, J) *ilr
G0T0 44
f=0

44

47
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48
J=0
J=J+1

IF (J .GT. RÄNGE) THEN
I=0
J=0
G0T0 53

ENDIF
I=f+1

rF (r .cT. RÄNGE) THEN
IìO
G0T0 51

ENDIF
L1=C1 (I)
t2=R1 (I)
Y (t1 ) =Äl[2 . J)
G0T0'4e ' '

I=f+1
rF (r .cT. RÄNGE) THEN

I=0
Gt)T(] 48

ENDIF
A(I,J)=Y(I)
G0T0 51
I=I+1

IF (r .GT. RANGE) THEN
G0T0 58

ENDIF
J=J+1

rF (J .cT. RANGE) THEN
J=0
G0T0 56

ENDIF
t3=R1 (J)
[4=C1 (J)
Y(t3) ìAlr,u)
G0T0'54 '

J=J+1
rF (J .cT. RANGE) THEN

J=0
G0T0 53

ENDIF
A(I,J) =Y(J)
G0T0 56
I=0
I=I+1

rF (r .rE. RA.NGE) THEN
J,5=Rl(I)
Y(t5)=[j ¡1;
G0T0 5e

ENDIF
I=0
I=I+1

49

51

53

56

58
59

61
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rF (r .GT. RANGE) THEN
D0 63 J=1,RÄNGE

D0 62 T=1,RANGE
AINV lJ . T) =A (J . T)
Ä(J,i)=HflLD(,t,r)

C(]NTINUE
C{]NTINUÐ

G0T0 67
ENDIF
J=0
J=J+1

rF_(J 
-. 

GT. (RANGE-1)) THBN
G0T0 61

ENDIF
IE [Y(J) .LB. Y(J+l)) TIIBN

G0T0 64
ENDIF
B=Y(J)
Y(J)=l(¡a1¡
Y (J+1 ) =[
DET= (_DBT)
G0T0 64
HRITB(*, *)

I{RITE(*, *)
HRITE(*,x)'TNVBRSE rS:'
I/RITE(*, *)
I{RITE(*, *)
D0 75 I=1,RANGE

I{Ì,]TB(*, i0) (4lIV (r , J) ,J=1 , RANGE)
F0nifAT( r r 

,4o (F8.'5 ,1i) )
Ct)NTINTJE.
ST()P

END

PROGRAM PSqRT

62
63

o+

oÐ

67

70
/Ð
BO

C

C

C

c
C

C

C

C

This program calculates the positive square root of an nx nnatrix.

INTÐGBRX2 T,J,K,MAX,N
$4l:ç_N!l!*{(20',20)',8 (20, 20), c (20,20), D (20,20),8(20, 20)
LI]GICAL ERRIìR

tr{,{X=20
NUll=0.0
I{RITB(*.*) IGIVE N. I

READ (* ,'i')'N
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1

2

5
10

D0 2 I=1,N
D0 1 J=1,,N

WRITE(*,*) rGrvE M(' ,r,J,') . '
RBAD (*, *) 

.D 
(r , J)

Ct]NTINUE
Cf]NTINUE
D0 15 I=1.170

CALL ASSIGN(8,A, N,MAX)
D0 10 J=l.N'

D0 5 K=í.N
rF_(ABs(B(J,K)) .cT. 1.0020) THBN

ERR[]R=.TRUÐ.
G0T0 20

ENDIF
CtlNTINUE

Ct)NTINUE
CATI MATMT]L (C. B. Ä. N.MAX)
c4tl MATSUB (n, I, C, l\I,unx)
N{JM=0.5
CALL MATSCA (C. NUI|I. E. N. MÄX)
CÄ.tt ASSIGNTB:C.II.UÁXJ'
CALL MATADD (C ; A, n, i,l.ilfÁXl
CALL ASSIGN(A,C,i{,MÁX)

Ct]NTINUE
I{RITE(*. *)
I{RIrn(*'*1
HRITEI*. *)
It&$ (i, *) 'rosruvE squARB R00T rs : 'I{RrTE(*, *)
VRITE(*, *)
I/RITE(*, *)
D0 17 I=1.N

HRITE(*, 16) (Ä(I,J),J=1.N)
^^rusrAT( 

|'',40(Fr¡.5, rx) i ',

CI]NTINUE.
I{RITE(*, *)
I{RITE(*, *)
G0T0 25 

.

HRITE(*, *)
HRITE(*, *¡'
I{RITE(*,*) 'SquARE R00T D0ESN' rT EXTST. I

I{RrrE(*, *)
STtlP

END

4l
IO

16
1.7

20

25

C

C

C

C

c
C

C

SUBRIìININE MATSCA (NEI{, SCALÂR, M, RÄNGE, SIZE)

This subroutine calculates the product of a scalar and an TL xmatrix.

INTEGER*2 SIZE,RÄNGB, T, J
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REÄ.1x8 M(SIZE, 1), NEI{(SIZE,7), SCALÄR
C

C

D0 20 I=L,RANGE
D0 10 J=i.RANGE

-ryP!(I ¡ J) =SCALAR*M (I , J)10 CI)NTINUE
20 CI)NTINUE

RETURN
BND

C

C

C

SUBROIITINE ÄSSIGN (NEI{, If , RANGE, SIZE)
C

C This subroutine assigns the varues of one vector to another one.
C

INTEGER*z RANGE. SIZE. I . J
REAL*8 M(SrZE, r) ,iWW(SÍ28,7)

C

C

D0 20 I=1,RANGE
D0 10 J=1,RANGE

_ryE!(I,J)=M(I,J)10 CONTINUE
20 C()NTINUE

RETURN
END

C

C

C

SUBROIIIINE MÄTADD (NEH, M1 , M2 , RÄNGE , SIZE)
C

C This subroutine calculates the sum of tuo nx z natrices.
C

INTBGERXz RÄNGE. SIZE. I . J

^ RErq.[*8 M1(SrZE, i¡,UZ(SÍ2E,1),NEH(SrZE,7)
C

C

D0 20 I=1.RÄNGE
D0 10 J=1,RANGE

ry_E!(Irl) =Mi (I , J) +M2 (I , J)10 CI)NTINTJE
20 C(]NTINUE

RETURN
END

c
c
C

SUBR0UIINE MÅTMUI (NEI{, M1 , il12 , RANGE , SIZE)
c
c This subroutine calculates the product of two nx nmatrices.
c
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INTEGBR*2_I , J, K, SIZB, RANGB
REÄL*B M1(SÍZÉ, i¡ ,UZ(SrZn,1) ,NEr/(SrZE,7)

D0 80 I=1,R,{NGE
D0 70 J=l.RÄNGE

NEI{(I , J) =0. 0070 CONTINUE
BO CI]NTINT]E

D0 110 I=1.RANGE
D0 100 J=1,R,{NGE

D0 90 K=1.RANGE

^ryPI(JrI) = (M1 (J,I)*tr12 (I , K) ) +NEI{(J, ti)90 CIìNTINUE
1OO CONTINUE
110 CONTINUB

RETURN
END

C

C

C

C

C

suBRtlt-rIrNB MÄTSUB (NEI{, Ml ,II2 , RANGE, SIZD)
C

c rhis subroutine calculates the difference betr+een two nx nC matrices.
C

INTBGER*2 RANGE, SIZE. I. J
^ REAL*8 M1(SrZE, i¡ ,M2(SÍ2n,1) ,NBI/(SrZÐ,1)
C

C

D0 20 I=1,RANGE
D0 10 J=1.RANGE

^ryP!(IrJ) =trfl (r, J)-+r2 (r, J)10 CONTINI]E
20 C(INTINT]E

RETURN
END
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