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1. INTRODUCTION

In the first report in this sequencel we presented results of
numerical calculations in which we simulated shock propagation in a
three-dimensional, face-centered-cubic (FCC) lattice. The details of
the calculation were not discussed in order that the reader not be lost
in a welter of detail, superfluous to understanding the significance of
the results. In this report we describe more fully the calculations
undertaken and the computer program used. The material herein is in-
tended primarily for those who may wish to perform similar calculations.

We begin in Section 2 by describing the lattice used in the cal-
culations. Included in the description are the labeling convention used
to identify a particular atom, the method for finding its nearest
neighbors, the method for calculating its potential interaction with
other atoms in the lattice, and the method for calculating the lattice
constant. In Section 3, we discuss how initial conditions of the lattice
(prior to shock compression) are determined and how the shock wave affects
the assumed periodicity of the lattice. The differential equations of
motion satisfied by the atoms are also written down. In Section 4, we
describe the thermodynamic variables (pressure, temperature, flow veloc-
ity, and density) calculated in the program and explain how thr r calcu-
lation is carried out. The Appendix discusses the computer prugram used
and provides a listing.

2. DESCRIPTION OF THE LATTICE

The model for the simulations consists of an infinite, three-dimen-
sional, FCC lattice constructed of cells such as that shown in Figure 1.
The cube edge, a,s is hereafter referred to as the lattice constant.

Prior to compression, the crystal is assumed to obey periodic boundary
conditions in all three Cartesian directions. Therefore, if a particle
is located at point (x,y,z), there is a corresponding particle at the
position (x + zano, y +m Lyao’ zZ +n Lzao) where Lx' Ly and Lz are

positive integers which define the periodicity of the lattice in the
three directions, and £, m, n are arbitrary integers. Furthermore,

for any function F which depends on the particles' velocities and their
displacements from equilibrium, we have

F(x+ 2an°, y+mLya°, z+ana°) = F(x,y,z) . (2.1)

1. J.D. Powell and J.H. Batteh, 'Shock Propagation in the Three-
Dimensional Lattice. I. Model and Results", BRL Report (to
be published concurrently with this report).
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Figure 1. Cell of face-centered-cubic lattice.




It is obvious from Eq. (2.1) that, if the lattice is periodic, it is
completely specified by the displacements and velocities of all atoms
within a given period. We will henceforth refer to the period made up
of atoms whose equilibrium positions satisfy the relations

A SR um.m-

0 € x < ano
0<y< Lyao (2.2)
0€:< La

2 0

as the "primary" lattice.

2.1 Location of Equilibrium Positions and Labeling Convention.

The crystal axes will be assumed to be coincident with the coordi-
nate system. If the lattice is at equilibrium, then, it is evident
that a plane of atoms located at z=na_, where n is an integer, is ori-

ented with respect to the x and y axes as shown in Figure 2a; a plane
located at z = (n*&)ao, on the other hand, is oriented as shown in

Figure 2b. For purposes of calculation it is most convenient to label
each atom by a single set of indices (i,j,k) and to do so we adopt the
following convention: Atoms in the first plane, located at :z=0, whose
X and y components are integral multiples of ao will be labeled by k=1;

those whose x and y components are half-integral multiples of ag will

be labeled by k=2; atoms in the second plane, located at z-ao/2. whose x
components are half-integral multiples of a, and whose y components are
integral multiples of aqs will be labeled by k=3; those whose x components

are integral multiples of a, and whose y components are half-integral

multiples of a, are labeled by k=4. The process is then repeated so
that atoms in the third plane, located at z=a, whose x and y components i
are integral multiples of a, are labeled by k=5 and so forth. Thus, in |

general, the plane in which particle (i,j,k) lies is given by

!
L
!
e [Lg] 5 29 5?
|
|
|
1

where the brackets denote integer division and the number of atoms in
such a plane of the primary lattice is 2LxLy‘ The value of i for a

' particle located at x=0 or x-a°/2 is unity and values increase along

the positive x axis. Similar considerations apply for the index j.
This convention is not the only conceivable one, but does appear to be
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Figure 2a. Labeling scheme for the plane of atoms located at z=na .
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the most convenient for the problem at hand. Figures 2a and 2b illustrate
the labeling scheme for the planes located at z=na and z-(n*k)ao.

respectively.

If we employ the above convention, it can be shown that the equili-
brium position of particle (i,j,k), normalized by a,, is given by

0, =ie1 [mn'&mgﬁ,g).u]

?jk =j-1 + % |MOD(k-1,2)| (2.4)

-0 k-1 k-2
Fijk T [—‘] i ‘*[T] b

In this equation MOD(I,J) is the remainder of I divided by J and the
functions 6, are given by

Y

6, (k) =1 for k> 0
= 0 for k < 0
and (2.5)
8_ (k) =1 for k <0
= 0 for k>0

Equation (2.4) can also be inverted to yield i,j, and k in terms of the
particle coordinates. The algebra is rather tedious but ultimately
yields the result

O o
¥ X1 IMOD(-Xiik-l,l)l
)

2¥%, +1+ |MOD(2YS. -1,2)|
: | Wi
§ = il L (2.6)

0 (o]

ko= 4Zj, ¢l lnoo(zvijk.z)|.

2.2 Relative Coordinates of Neighbors.

For all reasonable interatomic-force models, the force exerted on a
particular atom by the remaining atoms in the lattice decreases rapidly
with increasing separation distance. Consequently, when computing
forces, it is necessary to consider only atoms in the immediate vicinity
of the atom in question. Therefore, given an atom (i,j,k), it is
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necessary to determine the values (i’, j’, k/) for all its significant
neighbors in order to know which particles exert an appreciable force
on the atom,

The simplest method for determining an atom's aeighbors is to note i
that, in the equilibrium lattice, the relative coordinates from atom i3
(i,j,k) to one of its neighbors are independent of i,j, and k since the "
lattice possesses translational symmetry. For convenience, then, we b
consider atom (0,0,1) and note from Eq. (2.4) that the relative coor- f
dinates to atom (i’,j’,k’) are given by

/
S 5[&100(4«30& ,4),4) ]

o j/ +‘2

AY MOD (K’ ~1,4) | 2.7

=) I
az% = ["—_;ll] o, (k') + X [5_{—'—] 8 _(K).

By letting i’,j’,k’ vary over several values near i,j, and k (say, from
-10 to 10) one can then use Eq. (2.7) to determine the relative coor-
dinates to various neighbors.

A short computer program has been written which performs the above
calculation and the results for the first five sets of nearest neighbors
are shown in Table I. The first column in the table indicates which set
of neighbors is being considered and the last column the number of atoms
contained within the set (obtained by taking all possible combinations
of sign for the relative coordinates). Column 5 indicates the distance
between the two atoms given by

> > 2 | 1
DIST = [(Ax")' « (K% « (A:°)'] : (2.8)

Once i,j) and k are given and the relative coordinates determined, values
of i’,j’, and k/ can then be found from Eq. (2.6).

2:3 Interatomic Potential and Lattice Constant.

In all our calculations we will assume that the atoms in the lattice
interact through a Morse-type potential. Therefore, for a pair of
isolated atoms the potential energy, normalized by the dissociation
energy, D, of the pair, is given by

-R(r/r -1) >
¢ = e w1 TN 2.9




In this expression r is the separation distance of the pair, T, the

separation at the minimum of the potential, and R is a dimensionless
parameter which is indicative of the nonlinearity of the potential.

TABLE 1. Relative Coordinates of Neighbors of a Particular Atom in the

FCC Lattice.
Neighbors ax° aY° az° DIST Number
1st nearest +y *y 0 l// 2 12
+ 0 +y
0 Y +lg
2nd nearest 1 0 0 1 6
0 +1 0
0 Q 1
3rd nearest +1 tly +s v3/2 24
i +1 +iy
! s 1
4th nearest 0 +1 +1 V2 12
+ 0 *]
+1 *1 0
5th nearest +3/2 4 0 V572 24
+3/2 0 Y
0 *3/2 *s
0 Y £3/2
i +3/2 0
*l 0 +3/2

When the atom pair is contained within a lattice the situation is
more complicated because the atoms interact not only with one another,
but also with the remaining atoms of the lattice. As noted previously,
for purposes of computation it is most convenient to neglect the
potential interaction for atoms sufficiently separated that their
forces of interaction are negligible. Therefore, for a lattice in
which all atoms are at rest in their equilibrium positions, we have

12
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for the potential energy of atom (i,j,k)

+0 o
ot B ZI e-R(' rijk'rzmn' /ro'l)_l

T (2.10)

In Eq. (2.10) the prime indicates that the sum runs only over atoms ;
(#,m,n) which are close enough to atom (i,j,k) to contribute signifi-

+0
cantly to the force and rijk denotes the equilibrium position of atom

(i,j,k). The factor one-half is included so as not to count interac-
tions twice when computing the total potential of the lattice.

If we define a nondimensional position vector according to
-0
i‘i’jk " T/, (2.11)
o

the expression becomes

re B2 R L.y |?
oz gl e £2.12)
ijk 2,m,n

where
A =
(o] ao/ro (2.13)

is the lattice constant normalized by the equilibrium separation for
two isolated particles. The data in Table I can then be used to cal-
culate the potential of particle (i,j,k) assuming up to fifth-nearest-
neighbor interactions.

In order to generalize Eq. (2.12) to include the case in which
the atoms are not in their equilibrium positions, we define a critical
radius Rc such that interactions between atoms separated by a distance

greater than Rc are negligible. The appropriate expression for the

potential then becomes

ST A SV b
e -1

oijk «1/2 § ijk amn
i (2.14)

IRy jRymn < R
where the sum extends over all neighbors which lie within a sphere of
radius Rc centered at atom (i,j,k). The zero superscripts have been i
removed from iijk and Klmn to denote that these vectors do not neces-

sarily refer to the equilibrium positions of the atoms.

¥ x
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Equation (2.12) can be used to calculate the nondimensional lattice

constant Ao in terms of R by noting that in the equilibrium configura-

tion the lattice will readjust itself so as to minimize the potential
with respect to AO. Therefore, we must have

49, ik § ’2R(Ao'§?jk g K?mn' ‘n
‘JX‘L"“X | & Rl | @ ;
0 ¢,mn n
e-R(Aolﬁ‘i’jk - R -1)] . (2.15)

A computer program has been written which solves this equation numeric-
ally for A“ as a function of R and the number of neighbors taken in

the sum. Results are shown in Table II. The values of N listed across
the top row indicate that the sum in Eq. (2.15) included all atoms
through Nth nearest neighbors and values of R are listed in the fivst
column.

TABLE I1. Values of the Lattice Constant /\0 as a Function of R and
Number of Neighbors.

R : 1 2 3 4 5 0 7 8 9 10
S 104142 1,2350  ,9416 (8718 7734 . T4AT2 L0465 L6375 L5905 .S0062
1.0} 1.4142 1.20629 .9775 .9065 .8070 .7810 L0764 6671 .6180 5933
R0 1.4142 1.3138 1.0827 1.0158 .9204 .8960 « 7878 L7178 7255 L0975
3.0 ) 1.4142 1.3522 1.2170 1.1768 1.1227 1.1099 1.0823 1.0467 1.0207 L0060
4.0 1.4142 1.3774 1.3172 1.3034 1.2898 1.2874 1.279% 11,2791 1.2772 L2764
5.0 | 1.4142 1.3927 1.3681 1.3640 1.3610 1.3606 1.3596 1.3596 1.3594 L3594
6.0 | 1.4142 1.4016 1.3916 1.3904 1.3897 1.3896 1.3895 1.3895 1.3895 L3894
7.+ 1.4142 1.4068 1.4027 1.4023 1.4021 1.4021 1.4021 1.4021 1.4021 A0

From the table it is evident that for small values of R the po-
tential is extremely long-range. For example, for R less than about
3.0, A_ has not converged even though all atoms through tenth-
nearest neighbors were employed in the calculation. Clearly the range
of the potential extends beyond this point. As R increases, however,
the range of the potential decreases significantly. For example, when
R = 6.0, Ao has nearly converged to its asymptotic value when third-
nearest neighbors are employed in the calculation. Obviously, the

14
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higher-order neighbors contribute negligibly to the force. As R -+,
Ao approaches VZ because, in that case, the distance between nearest

neighbors is r_ and from Table I
Yora * V vT (2.16)

0

or Ao = 2.

3. GENERATION OF SHOCK WAVE

3.1 Initial Conditions and Method of Compression.

Before the lattice described in the previous section can be sub-
jected to shock compression, the initial displacements and velocities
of the atoms in the primary lattice must be specified. In this sub-
section, we will discuss the method for determining these initial
conditions.

The most reasonable assumption for the initial state of the lattice
is that it is in thermal equilibrium at temperature T. Therefore the
velocities of the atoms within the lattice must be distributed accord-
ing to a Maxwellian distribution.

Let us denote by Vijk the velocity of particle (i,j,k), normalized

to Vi/m, where D is the dissociation energy for an isolated pair of
atoms and m is the mass of the particle. Then the probability that

the uth Cartesian component of Vijk lies between V and V+dV is given
by the distribution function
3/2 ﬁsz/z
f-(%;) e dv. (3.1)

In Equation (3.1), y is the ratio of the dissociation energy to the
thermal energy, viz.,

D
Y RT (3.2)

where T is the absolute temperature and kB is Boltzmann's constant.

Furthermore, the total energy within the lattice is a constant of the
motion and, if the lattice were harmonic, would be given by 3nkBT

where n is the total number of atoms in the lattice.

15
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We now consider the jth plane assumed to be located in the first
segment. Before the shock front rcaches this plane, the motion of a
particular atom contained within it is the same as the motion of the
corresponding atom in the j¢2thh plane. The identical motion results
because these atoms had the same initial conditions and were acted

upon by the same forces. Working our way backwards from the jth plane,
we locate the first plane whose motion differs appreciably from that

of the corresponding plane in the second segment. Thereby, we determine
precisely the location of the shock front at any time. Furthermore,

until the shock reaches the 2thh plane, it is necessary to solve the

equations of motion for only particles in the first two segments since
the particles in all the remaining segments will have trajectories
identical to the corresponding particles in the second segment. When

the shock front nears the ZL,th plane, particles in the third segment

are included in the computation. The shock front is located in the
same manner as before and the process repeated as often as necessary to
complete the calculation. It is therefore necessary to monitor at most
4L, planes of particles ahead of the shock front at any tlme. the last

ZL representing equilibrium conditions ahead of the shock

3.2 Equations of Motion.

The preceding subsection contains a qualitative description of how
the lattice is subjected to shock compression. In this subsection the
equations of motion to be solved numerically for each atom in the
lattice will be determined. As has been observed before, it will be
most convenient to use nondimensional variables in all calculations.
For convenience, Table III lists the normalizing factor for various
quantities of interest. Hereafter, reference to these quantities will
imply their nondimensional values.

The force exerted on particle (i,j,k) by the remaining particles
in the lattice can be determined from the gradient of Eq. (2.14) with
respect to ijk° If we normalize the force by 2RD/ro (see Table III)

and employ nondimensional units for the time and for Kijk' the equa-
tion of motion for the particle becomes

Kijk = 2AR i?ijk (3.5)

2. We are indebted to D.H. Tsai for suggesting this method of calcu-
lation to us.




TABLE III. Normalizing Factors.

Quantity Symbol Normalizing Factor

Velocity of particle (i,j,k) vijk vb7/m
Nondimensional lattice constant A, LA
Position of particle (i,j,k) Kijk ao
Potential energy of particle (i,j,k) oijk D
Kinetic energy of particle (i,j,k) 'l‘ijk D
Density P o
Force exerted on particle (i,j,k) fijk ZRD/r
Time T vﬁ7ﬁ':o
Element of stress tensor om8 4D/a:
Compression velocity UP vb/m
Temperature e D/kB
Dissociation energy D
Mass of particle » m
Equilibrium spacing for isolated

pair of atoms T,
Lattice constant a,
Initial density ahead of shock Po

Here, Fijk
explicitly by

-2R(A_IR, .. R

¥ ) o' "ijk” zmnl
,M

ijk © .

IR

L,m,n

| < R,

ijk”"emn

-1) -R(A_|R,,,-R
o oI ijk

Al Ak

1)

is the nondimensional force exerted on the particle given

(3.6)
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and each dot represents differentiation with respect to the dimension-
less time, t, related to the real time, t, by

t

vi75 a,

T (3.7)

The sum in Eq. (3.6) runs only over values of &,m, and n such that
ﬁijk'iumk B

For purposes of computation it is most convenient to convert
Eqs. (3.5) into a set of first-order equations. This transformation
can be accomplished by noting that the velocity of particle (i,j,k) is

just the time derivative of the displacement. Equation (3.5) becomes,
therefore,

\.] = 9 e
ijk ‘AOR Fljk

(3.8)

>
=

ijk ijk
We have, of course, twice the original number of equations.

For the equilibrium lattice, Eqs. (3.8) apply to every particle
in the lattice. For the lattice undergoing shock compression, however,
particles in the first plane are not acted on by any net force in the
z direction. Therefore, we have

(%m)z - 0
( éijk)z ik

where Up is the constant compression velocity and the subscript 2

-

k=1,2 (3.9)

denotes the component in the z direction. For the remaining particles
in the lattice, Egs. (3.8) apply.

In order to solve Eqs. (3.8) and (3.9), we employed a fourth-order

Runge-Kutta techniques. To check the accuracy of the code and the appro-

priateness of the step size used we calculated the work done on the

3. B. Carnahan, H.A. Luther, and J.0. Wilkes, Applied Numerical
Methods (Wiley, NY, 1969), Chap. 6.
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lattice by the compression force and compared it at various times with
the increase in the total energy of the lattice. For most calculations,
a step size of the order .05/R was found to be acceptable.

4. THERMODYNAMIC VARIABLES

Once Eqs. (3.8) have been solved numerically to determine Vijk
and iijk’ the results can be used to calculate macroscopic quantities

of interest in the lattice. These thermodynamic quantities vary with
position and therefore the averages from which they are calculated are
taken only over finite regions of the crystal. Hereafter, we will re-
fer to such regions as '"thermodynamic regions’. We will assume that
the regions are sufficiently small that the variable of interest varies
negligibly throughout the region, and yet sufficiently large that the
averages are meaningful and boundary effects negligible. For all
thermodynamic variables, standard statistical-mechanical definitions
will be employed and ensemble averages will be replaced by spatial
averages. In the following discussion, we will assume that the ther-
modynamic region over which the average is taken begins just before
some odd-numbered plane (normal to the z axis) and ends just before a

later odd-numbered plane. Respective values of k are kmin and kmax'

In the y and z directions the region is defined by the same bounds as
the primary lattice. Therefore, in calculating averages in a thermo-
dynamic region we include those particles whose indices lie within
< i
1 i< Lx
1<j<Ly (4.1)

kmin ik kmax ;

The total number of atoms which satisfy conditions (4.1) is given by
n, = (k -k .. +1) LxL 5 (4.2)

R max min y

4.1 Average Velocity.

The shock will induce a flow in the direction of its propagation
and, thus, it is necessary to calculate the average velocity as a
function of position in the lattice. For the thermodynamic region
specified by Eq. (4.1) the appropriate expression is

k. A Kk
X 'y max
> 1 > 1 >
<V>e '{ '{ {k Vijk'K‘ Zvijk (4.3)
R i=] j=1 k= sin R 2

22




where )} is a short-hand representation indicating that the sum extends

R
only over the atoms contained in the region. One would expect that only
<Vz> would be nonzero.

SR ST A

4.2 Density.
Prior to the time the lattice is compressed by the shock wave, its
density is a constant and equal to 4/a3. This value can be obtained

from Figure 1 if we note that one-eighth of each particle at the corners
of the cube and one-half of each particle at the faces of the cube are

i contained within the volume of the cube. Compression by the shock does
not affect the average separation between atoms in the x and y direc-
tions, but obviously does in the z direction. Thus, the final density,
normalized by the original density, can be obtained by calculating the
final separation along the z axis of planes associated with kmin and

kmax and dividing by their equilibrium separation. In the dynamic case,

the z coordinate of a plane will be defined as the mean z component of
] the atoms within it. Consequently, from Eq. (2.3) the initial separa-
tion of the planes defining the region in question is

W | 50
az; = o.s{[——“‘%-"-—] . [—i'%'l—]} \ (4.4)

and the final separation is

® Y
o Etit; 121 jzl {:i'j‘kmax ; :i’j‘kmax'l
(4.5)
: zi’j’kmin ; :i’j’kmin*‘} :
The final density, therefore, is
AZ
p = A—:Z-TE . (4.6)

4.3 Temperature.

The usual definition of temperature, normalized by the factor
D/kB, is given by the expression

1 > 2
. - SRR b et "
8 o ,Z; [vuk V] 4.7)




It is also convenient to define a ''component' of the temperature in
each Cartesian direction. A reasonable definition is

1 - 2
%" 3ng % [(vijk)u o Va >] » (4.8)

4.4 Stress.

The a8 component of the stress tensor in a solid is defined as the

oth component of the force acting per unit area on a plane normal to

the B direction. Such forces arise both from the interactions acting
across the plane as well as from transfer of momentum due to fluctua-
tions in the velocity of the atoms about the mean velocity. For dilute
gases, the latter term is dominant and represents the pressure tensor.
For solids or dense gases, however, the potential contribution must be
accounted for.

Irving and Kirkwood4 have derived an expression for the ensemble-
averaged pressure tensor for a system in which the potential energy is
not negligible. For purposes of computer-molecular-dynamic calculations,
we assume that the ensemble average can be approximated by a spatial
average over the appropriate thermodynamic region. Provided, then, that
the range of the interatomic forces is much less than the dimensions of
the region in question, the kinetic and potential contributions to the
pressure tensor become [see Reference 4, Eqs. (5.13) and (5.14)]

pe a-—-p v - - v

oy " ‘fi(vijk <37>)(Vijk <V>) (4.9)
and

RA

i o

oo r=—=3 ] oK 3F.. (4.10)

vV "R %,8,n ijk tmn’ "ijk; fmn
where T, is the force exerted on particle (i,j,k) by particle

ijk;mn
(¢,m,n). In transcribing the equations from Reference 4, we have em-
ployed our nondimensional units and normalized the stress by the fac-

tor 4D/ag (see Table III). The total stress, of course, is given by

-« -« L d

G=0p *0o, . (4.11)

4. J.H. Irving and J.G. Kirkwood, "The Statistical Mechanical Theory
of Transport Processes. IV. The Equations of Hydrodynamics", J.
Chem. Phys. 18, 817 (1950).
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APPENDIX

In this appendix we briefly describe the computer program which
performs the calculations described previously. The description is
followed by a list of the major symbols used in the code, their defini-
tions, and the corresponding symbol used in the text. In Section A.2
we describe the function of each of the sixteen subprograms in the
program. Finally, a complete listing of the code is presented in
Section A.3.

The program consists of a main routine and sixteen subprograms which
will be discussed in the following section. It is capable of calculating
a set of initial conditions for the primary lattice prior to shock com-
pression and of performing the shock-wave calculation. At the end of
each run the velocities and positions of each atom as well as the time
are written on a tape. Thus, by using these values as input data, a
succeeding calculation can begin where a previous one was terminated.

The execution time for the program is approximately 7 X 10-3 seconds

per particle per time step on a CDC 7600.

The basic function of the program is to solve numerically the
classical equations of motion for every atom in the lattice and, from
their solution, to calculate a number of quantities of interest. Includ-
ed in the possible output are the mean displacements and velocities of
planes of atoms normal to the z axis at a particular time; the velocity-
time trajectories of individual planes; the velocity distribution
function and various thermodvnamic quantities calculated in macroscopi-
cally small, microscopically large regions of the lattice (referred to
as thermodynamic regions); and the velocity and displacement of each
atom in the lattice at a given time.

A number of input data must be supplied to the main routine. These
data are listed and described as follows:

LX (statement 10) - one-half the total number of planes, normal to the
X axis, of the primary lattice

LY (statement 10) - one-half the total number of planes, normal to the
y axis, of the primary lattice

LZ (statement 10) - one-half the total number of planes, normal to the
z axis, whose atomic equations of motion must be solved in the
current calculation

NMAX (statement 14) - the final set of equilibrium nearest neighbors to
a particle which are scanned to determine whether they lie within
the critical radius of potential interaction.

NMIN (statement 14) - the last set of equilibrium nearest neighbors to
a particle which are assumed to lie within the critical radius of
potential interaction. Therefore, if NMIN=2 and NMAX=3, for example,
all particles which are first- or second-nearest neighbors to a
particular particle when the lattice is in equilibrium are assumed
to lie within the critical radius in the dynamic lattice; those




which are fourth- or higher-nearest neighbors in equilibrium are
assumed to be outside the critical radius; those which are third-
nearest neighbors are tested to determine whether they are within
the critical radius.

RCRIT (statement 14) - the radius of the imaginary sphere drawn about
each particle whose equations of motion are solved. Atoms lying
within the sphere are assumed to exert a force on the given atom;
those outside do not.

H(statement 15) - the time step employed in the Runge-Kutta scheme for
numerically solving the equations.

TAUMAX (statement 15) - the time at which present calculation is to stop.

[PRINT (statement 16) - the frequency of printout of all output data
except velocity-time trajectories of specific planes. That is,
IPRINT time steps are executed between printouts.

R (statement 17) - anharmonicity factor in the Morse potential
RE (statement 17) - lattice constant, ao' normalized by single-pair,
equilibrium separation constant, ry

GAMMA (statement 18) - ratio of dissociation energy, D, in Morse potential
and thermal energy, kBT, of lattice.

ICALC (statement 21) - incex which determines which of three calcula-
tions is to be performed by the code. For ICALC=1, the program
will calculate random initial conditions for the atoms in the pri-
mary lattice prior to shock compression; for ICALC=2, the program
reads this initial data from TAPE 7 and performs the first shock-
wave calculation; for ICALC=3, the program reads from TAPE 7 the
positions and velocities of all atoms in the lattice as well as
the time at the end of the last shock-wave calculation, and extends
the shock-wave calculation to TAUMAX.

K21 (statement 22) - the number of planes, normal to the z axis, which
make up a thermodynamic region. Thus if K21=8, for instance, thermo-
dynamic properties of the lattice will be calculated for planes
1-8, 9-16, etc.

The remaining parameters are input data only for ICALCH1:

LZLAST (statement 56) - one-half the number of planes, normal to the
z axis, contained in the previous calculation. This will differ
from LZ if one must increase the size of the lattice to perform
the present shock-wave calculation (see discussion Section 3.1).

LZSEG (statement 56) - one-half the number of planes, normal to the
z axis, contained in the primary lattice.

NSEG (statement 56) - the number of segments equal in size to the pri-
mary lattice which must be added to the lattice of the previous
calculation to carry out the current calculation, i.e., LZ=LZLAST
+ NSEG*LZSEG.
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UP (statement 57) - compression velocity (normalized by vb/m ).

NPMAX (statement 58) - the total number of planes whose velocity-time
trajectories are to be printed.

KPRINT (statement 58) - frequency of printout for velocity-time tra-
jectories of particular planes .

NUMPL (I) (statement 61) - number of particular plane whose velocity-time
trajectory is to be printed out (1 < I < NPMAX).

DELT(I) (statement 61) - the time interval, beginning at time TAUI(I).

for which the velocity-time trajectory of plane number NUMPL(I) is

printed,

A.1. List of Variables.

This section contains

TAUI(I) (statement 61) - time at which printout of trajectory of plane
NUMPL(I) is begun.

in tabular form, a list of important symbols
employed in the code, their definitions, and the corresponding symbol
used in the text.
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TABLE A.1. Variables in Computer Program.
Symbol Symbol
in Code Definition in Text
DELT (1) Time interval for trajectory printout of plane
NUMPL (I)
DENS Particle density in thermodynamic region of p
lattice
DV Velocity interval in calculation of distribution
function
DXAV Average x component of displacement of particles
in a plane
DYAV Average y component of displacement of particles
in a plane
DZAV Average z component of displacement of particles
in a plane
ECHECK Sum of initial energy in lattice and total work done
EINIT Initial energy in primary lattice
EP Potential energy of a single particle

ik
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TABLE A.1. (Continued)

Symboi “Symbol 1
in Code Definition in Text (

£
EPAV Average potential energy of single particle }

in thermodynamic region of lattice

EPOT Total potential energy in thermodynamic region
of lattice

ETHERM Thermal (kinetic) energy in thermodynamic region
of lattice

ETOT Total energy in lattice
ETRANS Translational (kinetic) energy in thermodynamic
region of lattice
FX x component of force exerted on a particle (Fiik)x
FY y component of force exerted on a particle (Fijk)y
FZ z component of force exerted on a particle (Fijk)'
GAMMA Ratio of dissociation to thermal energy in Y
lattice
H Time step
ICALC Index to determine which calculation code is
to perform
IPRINT Index to determine printout frequency for output
K21 Number of planes (normal to z axis) contained

within a thermodynamic region
LX One-half the number of planes of atoms in the L

lattice normal to the x axis x
LY One-half the number of planes of atoms normal L 3
to the y axis Y |
LZ One-half the number of planes of atoms normal i
to the z axis |
LZLAST  One-half the number of planes of atoms, normal ;
to the z axis, in the previous calculation '
LZSEG One-half the number of planes of atoms, normal Lz
to the z axis, in the primary lattice
NK1K2 Total number of atoms in thermodynamic region L™
NMAX Largest set of equilibrium nearest neighbors
scanned
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TABLE A. 1.

(Continued)

Symbo 1 Symbol
in Code Definition in Text
NMIN Largest set of equilibrium nearest neighbors
assumed to be within RCRIT
NP Number of particles per plane normal to the
z axis in primary lattice
NPLANE Number of plane normal to the :z axis an
NPMAX Total number of planes whose trajectories
are printed
NSEG Number of segments, equal in size to the
primary lattice, added to lattice of previous
calculation, i.e. LI=LZLAST+NSEG*LISEG
NTOT Total number of particles in lattice
NUMPL(I) One of NPMAX planes whose trajectories are
printed
PKXX XX component of kinetic contribution to (Ok\\x
pressure tensor :
PKYY yy component of kinetic contribution to (ok)'v
pressure tensor b
PKIZ zz component of kinetic contribution to (o).,
pressure tensor &
PVXX XX component of potential contribution (av)‘x
to pressure tensor 4
PVYY yy component of potential contribution (ov\vv
to pressure tensor e
PVZZ zz component of potential contribution (uv\_~
to pressure tensor %3
PXX XX component of pressure tensor %o
PYY yy component of pressure tensor Oyv
2 zz component of pressure tensor -
R Anharmonicity factor in Morse potential
RE Lattice constant, Qs normalized by single- o
pair equilibrium separation, ro in Morse
potential
T Temperature in thermodynamic region of lattice 0
TAU Time T

e




TABLE A.1. (Continued)

Symbo1l Symbo1l
in Code Definition in Text

T o R i Mt

TAUI(I) Time at which printout of trajectory of plane
NUMPL(I) is begun

TAUMAX Maximum time for which calculation is carried out |

~
i

v

o

TX x component of temperature in thermodynamic region ex |
TY y component of temperature in thermodynamic region ey ﬁ
TZ z component of temperature in thermodynamic region ez
up Compression velocity Up
VX(I,J,K) x component of velocity of particle (i,j,k) (Vijk)x
VY (1,J,K) y component of velocity of particle (i,j,k) (Vijk)y
VZ(1,J,K) z component of velocity of particle (i,j.,k) (Vijk)z
{ VXAV Average x component of velocity of particles
f in a plane normal to the z axis
VYAV Average y component of velocity of particles
in a plane normal to the z axis
VIAV Average z component of velocity of particles
in a plane normal to the z axis
X(1,J,K) x component of position of particle (i,j,k) Xijk
Y(1,J,K) y component of position of particle (i,j,k) Yijk
Z(1,J,K) z comporent of position of particle (i,j,k) zijk

A.2. Description of Subprograms.

This section contains a list of the sixteen subprograms with a
basic description of the function of each of the routines. The list
(alphabetical) is as follows:

CALDIST - The subroutine calculates the components of the distance
between two particles whose potential energy or force of inter-
action is being computed. The purpose is to determine whether
one particle lies within the critical radius of the other.

CONVERT - The subroutine converts integers (£,m,n), identifying a
particle outside the primary lattice, to the corresponding atom
inside the primary lattice identified by indices (LEQ,MEQ,NEQ).

DISTFN - The subroutine calculates the velocity distribution function
in thermodynamic regions of the lattice. More precisely, it

30




determines the fractional number of atoms whose velocity at any
time has components lying between VX and VX+DV, VY and VY+DV,
and VZ and VZ+DV.

FORCE - The subroutine calculates the components of the force exerted
on one particle by another, the distance between the atom being
provided by CALDIST.

NABORS - The subroutine calculates the differences I-L, J-M, and K-N
for any particle (I,J,K) and its neighbor (L,M,N). The values
are stored in an array for future use in the program.

NRAN31 - The subroutine generates random numbers, consistent with a
Gaussian distribution, for assigning velocities to atoms of the
primary lattice.

OUTPUT - The subroutine prints the single - particle displacements and
velocities for every atom whose equations of motion are solved.
Also printed are the total sums of x,y, and z components of
velocities.

PLANEAV - The subroutine averages the x,y, and z components of dis-
placements and velocity for every atom in a single plane and
prints the results. Also printed are the total sums of the
components for all atoms in the lattice.

POTFOR - The subroutine calculates the potential energy of a single
particle and the contribution to the potential part of the
stress tensor from that particle.

SAVE - The subroutine saves current values of position for each atom
in the vector (XS(I1,J,K), YS(I,J,K), 2S(I,J,K)).

SCAN - The subroutine determines which neighbors between NMIN and
NMAX lie within the critical radius of a given particle and
calls the subroutines which calculate the potential of the
particle as well as the force exerted on it. For the first
iteration of the Runge-Kutta scheme, the nearest neighbors
are calculated and are written on TAPE 8; for subsequent
iterations atoms within the critical radius are assumed not
to change.

SOLVE - The subroutine uses a fourth-order Runge-Kutta scheme to
numerically solve the equations of motion for each atom in
the lattice. It also calculates the work done on the lattice X
by the external driving force in a particular time interval. L

SORT - The subroutine (used in conjunction with DISTFN) counts the
number of atoms lying in each velocity interval.

START - The subroutine assigns atoms to their initial equilibrium
positions and generates their initial velocities consistent with
a Maxwellian distribution.




THERMO - The subroutine calculates the temperature, density, pressure

tensor and mean velocity, averaged over thermodynamic regions of
the lattice,

URAN31 - This function subprogram is called from NRAN31 and used to

generate random numbers for initial conditions in the primary
lattice.

I
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A.3. Listing of Computer Program.

The final section of this appendix contains a complete listing of
the main program and ecach of the sixteen subprograms.

0001 PROGRAM BATTEH(INPUT«QUTPUT«TAPESSINPUT . TAPEGROUTPUT +TAPET TAPES)
00023 COMMON/VEL/VRIOU,04¢300) vY(04:04,300),v2(0%,04,300)

0003 COMMON/POSITS/XS(04+00:300)+YS(08¢04:300)+23(08+04,300)

0004 COMMON/PUSIT/X(04,08+300),Y(04,04¢3V0)+2(04404,300)

0003 COMMON/NNBORS/IX(6+29¢2) o IV(602012) 4 12(602642) NUN(6)

00062 COMMON/SEARCH/NMAX «NMIN NN RCRITRCRIT2

0007: COMMON/STZE/LX LY LZNPNTOToL24LZSEGY

0008: COMMON/MISC/GAMMA ¢ TAUSHoFX (FYIFZIRRECEPICALCECHECK

0009: DIMENSION NUMPL(20)411(20),TAUL(20),0ELT(20)«TAUL(20)

00310: READ(S:100) LXeLYoLZ

00112 C LXWLYOAND LZ ARE OIMUCNSIONS THES CALCULATION, LXoLYe AND LZLAST ARE
0012 C OIMENSIONS OF LAST CALCULATION, LX.LYs AND LZSEG ARE OIMENSIONS FOR A
0013: C UNIT SEGMENT.

00142 READ(3¢101) NMAX'NMIN.RCRIY

0015: READ(5+102) H,TAUMAX

0016 READ(5+:103) IPRINT

00173 READ(9¢104) RRE

ovia: READ(9¢103) GAMMA

0019: C JCALCZ1:2,0R3 FOR INITIAL-CONOITION CALCULATION:INITIAL SHOCK-WAVE
0020: C CALCULATIONI'OR SUBSEQUENT SHOCK=WAVE CALCULATIONS,RESPECTIVELY.

00218 READ(S106) ICALC
0022 READ(S.107) K21
0023 C K21 IS THE NUMBER OF PLANES OVER WHICH THE DISTRIBUTION FUNCTION IS
0028: C CALCULATED.
002%: NINTs2eL2/K21
0026 NPs2e| XelLY
0027 L2u=vel2
0028 NTOT=NPeL2Y/2
0029¢ RCRIT2ERCRIT*e2
0030 IF(ICALC EQs 1) L2SEG=L2
0031 EF(ICALC «EQ¢ 1) L2SEGHSBIe 28E6
0032¢ WRITE(6:108) LXoLY,L2
0033¢° WRITE(6¢309) NMAK NMINRCREIT
003s:¢ WRITE(6+110) HoTAUMAX
003s: WRITE(6+111) RIRE
0036 WRITE(6+112) GAMMA
0a37: CALL NABORS
0038¢ IF(ICALC «NE. 1) GO TO 10
00398 CALL START
0040: C CALCULATE ZERO-POINT POTENTIAL ENERGY.
0081 CALL SAVE
0042 CALL SCAN(LX LY LZUe20))
0043 REWIND 8
0044 EPTOTSEPSFLOATINTOT)
0048: C CALCULATE INITIAL KINETIC ENERGY IN LATTVICE,
0046 EXTOT=0.0

» 0047 00 & p=l.LX
0048 D0 & ys=l.lY
00492 00 & K=il.L2Z4
00%0¢ & EKTOTSEXTOT40,50(VX(TeJeK)0020VY (Lo eK)oe2eVEZ(IvJiKIoe2)

g 0081 ECHECK=EXKTOT+EPTOY
00s2: WRITE(6+113) EPTOT,EXTOTECHECK
00983 TAU=0,0
00Se: 60 1O 65
0098: C BEGIN SEVUENCE FOR PERFORMING INITIAL SHOCK<WAVE CALCULATION.
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00S6:
00378
90%e:
00392
0060
00618
0062¢
0063¢
006082
0063S:
0066
0067
00683
0069:
0070:
0073
00722
0073:
0074
007s:
0076:
[ [ Xag
0078
0079
00802
0081
0082:
00838
008s:¢
008S:
00862
0087
0088:
00893
0090:
00913
0092:
0095¢
009
0098
009%6:
0097:
0098
0099:
01008
0101
0102¢
01032
01042
0108
01062
01078
0108
01098
o1t0¢

10

12
13

1s
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REAV(S:218) LZLASTL2SEGNSEE
READ(9,113) uP

READ(5:120) NPMAXKPRINT

IF (NPNAX E@s 0) 60 TO 13

00 12 LLs1.NPMAX
READ(S+121 INUMPLILL) DELT(LL) o TAUT(LL)
11tLL )20

TAUL(LL V80,0

WRITE(6+116) UP

WRITE(60219) LZSEG.LILASY
L2LASHELZLAST ey
L2SEGYsLZSEG*Y

00 1S I21.LX

00 1S Jsi.LY

00 13 Ks1.L2LASY

READI?) XUToJdoK) oV TodeK) o2 oo KD oUNIT oK) VY (T oJeK) o V(LK)

IF(ICALC «EQ. 3) GO TO &0
REWIND 7

TAU=0,0

DO 23 I1=1.NSEG

00 20 I=1.LX

D0 20 J=1.LY

00 20 K=1.L2SEGH
KP211eLISEGH K
R(LoedKPIBX(LoJK)

Y LeJdoKPIBY(LeJeK)
2130J:KP)IBZIT oK) +0:30FLOATIIKP=1)/2) = 3oFLOAT((Ke1)/2)
VXL oo KPIBYX (T JeK)

VY oYeKPIBYY (T oJeK)
VZIZeJoKPIBVZ(LevJeK)
CONTINUE

00 30 Isi.LX

DO 30 usi LY

VZiIeJelisupP

VvZilege2)2UP

C CALCULATE INITIAL ENERGY IN LATTICE,

8

EXTOT=0.0

EPTOT=0.,0

DO 33 I=l.LX

DO 3% Jsml.LY

00 3% K=1.L2Z¢
EXTOTSEKTOT40,50 (VX (T edeK)ao2eyY (I odeK)eo2eVZ(IeJdoK)0a2)
CALL SAVE

CALL SCAN(JeJeKe20})
EPTOTSEPTOT+EP

REWIND &8
ECHECKSEPTOT+EKTOT
WRITE(6+117) TAUIECHECK
CALL PLANEAV

60 70 6%

READ(7) TAUECHECK,ETOT]
REWINO 7

EF(NSEG +EQ¢ 0) 60 TO 60
00 S0 Iis1,NSEG

DO 43 I=l«LX
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01112
01122
01133
0116
01188
0116
01172
01188
0119:

. 01208

0121
01222
0123:
01263
0123
01262
01272
0128:
01292
0130:
031332
01328
031332
01342
013s:
01362
01372
0138
0139¢
0140
0181
01428
01438
0144
0168:
0146
01472
(281 H
01692
0180¢
0181
0152:
01933
0154
01582
0156:
0157:
01358:
019598
0160:
0161
0162¢
0163
016u3
0169

.
S0

DO 43 yJsi, V

00 45 K=1,L2SEGY
KPSL2LASS+(11-1)0L2SEGU X
KPPELZLASULZSEGY oK
KiSovJoKPISX(L o JKPP)
Y(LeJJKPIZY (14 JoKPP)
2UE0JKP)IZZ(ToJeKPP) ¢ 0.3¢FLOAT((KP=11/2)=0,9¢FLOAT((KPP=1)/2)
VE(LoedoKP)BVX(] e JoKPP) A
VYL oJeEP)ISVY (T JoKPP)
VZiLeyo X7 )3VILTJoKPP)

CONT INUC

C CALCULATE ENERGY IN LATTICE.

1]

(1]
T0

T2

7%

EXTOT=C.0

EPTOT=0.,0

DO 99 JI=l.LX

DO 99 J=i.LY

00 99 K=:1.L24
EXTOTSEKTOT40.3* (VX {LedeK)eo24yY(TedeR)eeRaVEtiTvdeK) o0d)
CALL SAVE

CALL SCAN(IeJiKe2:1)
EPTOTEPTOTHEP

REWIND 8
ECHECK=ECHECK+EPTOT+EXTOT=-£TOTY
CONTINUE

WRITE(6+117) TAUGECHECK

CALL PLANEAV

Mz0

NEMe)

IF(TAU «GE., TAUMAX<H/2.0) 60 YO 90
CALL SOLVE

IF(NPMAX +EQ. 0) 60 TO 78

DO 7% LL=1.NPMAX
IF(TAULTLTAULILL)IGO TO T»
TLLL)=TLLL) )
TAUR(LL)ESTAUL(LL) *H

IF(TAUL(LL) +CT.DELT(LL)) 60 TO 74
IF(IT(LL) NEXKPRINT) GO TO 74
KK=NUNPL tLL)

KK222eKK

KK2M122eKK=1

VZAV=Q,0

VXAV=0,0

VYAV=Q,0

00 72 131,LX

00 72 J= LY
VXAVEYXAVOVX (T oeJoeKK2)4VXIL JoKK2MY)
VYAVEVYAVOVY (R eJoKK2)oVY (T JeKK2ML)
VZAVEYZAVOVZ (T o JeKK2)4V2(1JoKK2MY)
VZAVEYZAV/FLOAT(NP)
VXAVSYXAV/FLOAT (NP)
VYAVEYYAV/FLOAT(NP)
VAVSSQRT(VXAVee24VYAVEE24V2AVEe2)
WRITE(6+¢122) KK'VZAVITAUCVXAV VYAV VAV
IleLL)=0

CONTINUE
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0166:
glé67:
0164:
0169
ai70¢
01718
01723
01732
01748
0179
0176:
01773
01788
0179
0100¢
01681:
01822
0183:
01684:
01098:
0186:
010878
o188
0189
01903
0191
01922
01938
01948
0198
0196
01973
0198:
0199:
0200
0201
0202
0203¢
0206
0208}
0206:
02072
0208:
0209:
0210:
Etlll

212%

2131

79 IF(M NE. IPRINT) GO TO 70
€T07=20.0
ns0
WRITE(6+1017) TAUCECHECK
IFLICALC «NE. 1) 60 TO 80
CALL QUTPUY
CALL OUTPUT
00 CALL PLANEAYV
00 83 I=1.NINT
Kiat(lel)oK21e1
K2ulex2l
CALL DISTFNIK1.X2:0,1)
89 CALL THERMO(K]1 XK2.ETOT)
WRITE(6+118) ETOTV
00 87 1Is=l.LX
00 87 J=l.lY
D0 87 K=1.L2%
07 MRITE(T) XUToJdoKDoVUIBoJdoK) o2l odoeK)oWXNITodoK) oWV (T oJdoeK)oVZITeYgeK)
WRITE(Y) TAUJECHECK.ETOT
REWIND 7
60 T0o 70
90 SVoP
100 FORMAT(31Y)
101 FORMAT(IS:I3:F7.3)
102 FORMAT(2F9,9)
103 FORMAT(1IN)
104 FORMAT(2F9,3)
103 FORMAT(F9,.3)
106 FORMAT (1)
107 FORRMAT(ID)
100 FORMAT(2XOLXZR13,2XBLV20¢13,2X10_ 288,13)
109 FORMAT (11X ONMAXZDIR2e3XONMINSQ 123X ORCRIT=O,E10,.6)
110 FORMAT(1X:0HBAE18,6¢3XOTAUNAXERE10,6)
111 FORMAT(IX.QR2D.EL10,63X.ORESDIE18,6)
112 FORMAT (1X0GANMA=A E10,6)
113 FORMAT(/1X.0ZERO=POINT POTENTIALZO.EL8,63X8INITIAL KINETIC ENERG
2AVEQEL8:6¢IXNRECHECKSREL4,6)
114 FORMAT(318)
119 FORMAT(FO,S)
116 FORMAT(1X.8UP2@:E104,6)
117 FORMAT(LIHL BTAUSREL1%,6¢3X,0ECHECK=QE10,.6)
110 FORMAT(IXQETOTSR.E14,6)
119 FORMAT(1X.QLZSEG=R I3 +3Xe0LZLAST=0,13)
120 FORMATR213)
122 FOQRMAT(1X.8PL N Q'.t"o‘lo:x“V'.Q [l'o“’X\!‘l”l.qti.o‘OQ‘\
20VNAVERIEL4, 643K BVYAVERERN (B 2X aVAVEREINS)
121 FORMAT(I3:2F9.5) : :
END
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0001
0002:
0003:
0004
000s:
0006:
0007:
0008
0009:
00102
00112
0012:
0013:
00142
0015S:
0016
0017¢
0o01s8:
0019:
0020
0021:
0022:
0023:

203
206

219
216

220
221

SUBROUTINE CALDIST(LIMNLEQ'MEQINEQeIsJeK)
COMMON/STRESS/DISTX DISTYDIST2:0ISTDIST2,CLoPVXX,PVYYPVIZ
COMMON/POSITS/X(04,0%,300),Y(00:04,300),2(0%+04+300)
IF(L.EQ.LEQ)GO TO 2085

IPP2MQD (N &)

IPSMODINEQ %) /72-MOD(4+IPP4) /2
DISTX=X(LeJeK)eXILEQINEQ/NEQ) ¢ ,SeFLOAT(2eLEQ-20L*1P)

60 7O 206

DISTXZX(1eJeK)=X(LEQ'MEQ\NEQ)

IF(M.EQ.MEQ)GO TO 219

IPSMOD(NEQ=1+2)=-LABS(MOD(N-1:2))
DISTY2Y(1eJeK)=Y(LEQ'MEQ/NEQ) ¢+ ,SeFLOAT (2eMEQ-20Me]pP)

60 T0 216

DISTY=Y(2eJeK)=Y(LEQIMEQ,NEQ)

IF(NEQ.EQ.N)GO TO 220

IF(N.GT.0)IP=(N=1)/2

IF(NJLECO)IP=(N=2)/2
DIST232(1eJeK)=2(LEQ'MEQ.NEQ) ¢ ,SeFLOAT((NEQ=1)/2)=,3¢FLOAT(IP)
60 TOo 221

DISTZ22(1eJeK)=2(LEQ'MEQ.NEQ)
DIST2201ISTX*¢24DISTY*024D1IST20e2

RETURN ;

ENO

TS SO, st ik o




0003¢
00022
Qo032
0006
000S:
0006
00072
00083
Q009
2010!
0011t
goral
00132
00182
00182
00368
00172
[ 121 1)
00193
0020¢
0023
0022!
gg2s:
002s:
002s8¢
0026¢
0027¢
0028
0029t
00302
0031
o032t
0033
0038
003S:

NnOooO

SUBROUTINE CONVERY (LM iNsLEQ'MEQWNES)
COMMON/SIZE/ZLX LY sLZeNPINTOT L2V LISEGY
COMMON/STRESS/DLSTRDISTYDISTZDISTOISTRICLPVXXPYYYPVER

SUBROUTINE CONVERTS L.M.AND N INTYO EQUIVALENT VALUES FOR PERIODIC
BOUNDARY CONDITIONS AND FINOS DISTANCE FROM SCANNED TO TESTED PARTICLE
DETERMINE LEQ
IFC(L +8€¢ 3 +ANDeLJLE. LX) 60 YO 308
IFILLTed) 60 TO 102
LEQ=NOD (L2 LX)}
60 70 110
102 IN21+JABSILI/LX
LEQRINOLX-TABS(L)
60 T0 110
109 LEOaL
DPVERMINE NEQ
110 IF(M,GE2ANDJNLLE,LY) GO0 YO 118
IF (ML Te)) 60 TO 112
MEQEMOD (M= LY )2
60 TO 120
112 IN=1¢JABSIN)/LY
NEQSINeLY=IABS(M)
60 70 120
118 MEQ=N
DETERMINE NEQ
120 IF(N,GCo1¢AND N LE.L28) 60 TO 120
IF(NLT)) 60 70 ta2
NEOSMQO(N=1 L2001 030L20~L2SEGH
60 T0 130
122 IN®1+JABSIN)/L24
NEQRINOL28-2ABS(N)
60 To 130
128 NEQ3N
130 CONTINUE
RETURN
END

38
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00013 SUBROUTINE DISTFN(K1+K24DV)
wo02: ¢ CALCULATES OISTRIBUTION FUNCTION FOR VX VYs AND VZ WITH INTERVAL
0063: C OV IN THE REGION BETWEEN ANO INCLUDING PLANES K1 AND K2.
0004 COMMON/SIZE/LXsLY'L2ZINPINTQOTL2Z4L2SEGYH b
000S: COMMON/VEL/VX(04%,0%¢300)4yY(04404,300),VZ(04%¢:0%¢300) {
0006: COMMON/DIST/NIR(100) sNIL(100) s NIMAX |
0007: 00 1 ys14100
0008: NIL(J)=0
0009: 1 NIR(J)=0
0030: € CALCULATE TOTAL NUMBER OF pPARTICLES BETWEEN K1 AND K2
0011: LKsK2eK1¢])
0012¢ NK1K2aLKONP
0013: RNKLK23FLOAT (NKLIK2) 1
0016t WRITE(6+99)
001s? WRITE(6+100)K1 K2, NK1K240V 4
0016: C eee Vx DISTRIBUTION ¢ee g
00178 WRITE(6+101) ;
oo01e: WRITE(6+202) g
0019: NINAXs] 24
0020 L2132eK1~"1 %
0021 L2232eK2 ig«
00223 00 2 xsLZ1.L22 I
0023: 00 2 y=zielY e
00242 00 2 Is1.LX S
002S: VEVX(]eJeK) o
00268 2 CALL SORT(V,0V) E-
i3 0027: 00 3 131.NIMAX A
3 oc2s: VRzZ,5e0VSFLOAT(29]<~1) ¥
0029: VL3.5¢0VSFLOAT(1=221) ¥
0030: RNR2FLOAT(NIR(I) ) /RNKIK2 b
00318 RNLEFLOAT(NIL(I))/RNK1K2 o
0032: 3 WRITE(6+203)VRRNR VL ¢RNL :
0033: ¢ sss VY DISTRIBUTION sss
0034 00 & 121,100
0035: NIL(I)=0
00368 4 NIR(I)=0
0037: NIMAX=1
0038 00 S K=L21.L22
0039: D0 S y=l.LY
0040 DO S J=lelX B
0041 VEVY (] eJeK) !
0042: S CALL SORT(V.OV) by
0043 WRITE( 6:104) |
0044 ¢ WRITE(6+102)
0045 00 6 J=1.NIMAX ;
0046 VR=,5sDVSFLOAT(2¢]-1) {3
0047¢ VL=.5s0DVeFLOAT(1~221) E
0048: RNR2FLOATINIR(I))/RNKIK2 i
0049: RNLEFLOAT(NIL(I))/RNK1K2
0080 6 WRITE(6+103)VR¢RNR (VL ¢+RNL ‘
00%1: C ses V2 DISTRIBUTION ¢se
00%2: DO 7 1314100
s 0083: NIL(I)=0
0054 7 NIR(I)=0

{
005S; NIMAX=1 }J
]




00%6: DO 8 K=L21.L22
0057: D0 8 u=l.LY
00%a8: 00 8 I=1.LX
00392 VEVZileJeK)
00602 8 CALL SORT(V.OV)
00612 WRITE(6+10S)

WRITE(64+102)
00 9 I=1.NIMAX
VRz,5sDVeFLOAT(2¢]~})
VL=.5e¢0VeFLOAT(1-22])
RNR2FLOATINIR(1))/RNK1K2
RNLSFLOAT(NIL(I))/RNKIK2

9 WMRITE(6¢103)VR«RNR«VLRNL

99 FORMAT(/////2X«30ATA FROM SUBROUTINE DISTFN®)

100 FORMAT(2X 8DISTRIBUTION FUNCTION FOR PARTICLES BETWEEN PLANESS.13
248 AND @.13/72X.@NUMBER OF PARTICLES IN SAMPLE = a.
315:9X.80V = @.F13,6)

101 FORMAT(2X.8e¢e VX DISTRIBUTION ss*q)

102 FORMAT(3X+@VAVGA+3X+@N/NTOT@ 14X e@VAVGE3XAN/NTOTE)

103 FORMAT(1X12FT7e4¢3X02F7.4)

104 FORMAT(2X+@¢ss VY DISTRIBUTION »ee3)

105 FORMAT(2Xi@%¢s VZ DISTRIBUTION se9g)

RETURN
END

40
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00013
0002:
0003:
00042
00052
0006¢
0007
0008:
0009:
00102
0011
0012¢
0013:
0014
0018¢
0016
00172
0018

4

SUBROUTINE FORCE
COMMON/MISC/GAMMA s TAUsH FXFYFZsRIREEP+ ICALC ECHECK
COMMON/M]ISC2/FORCEX+FORCEY FORCE2Z
COMMON/STRESS/0ISTX+0ISTY DISTZ.DIST«DISTR,CLIPVXXPVYVPVZE
C2aCles2

IF(C1,EQ9:0.0)60 TO

FORCEX=(C2-C1)eDISTX/DISY

FORCEVY=(C2=C1)eDISTY/DIST

FORCEZ2=(C2=C1)eDIST2/0IST

60 70 2

FORCEX=0,0

FORCEY=0.0

FORCE230,0

FXaFXeFORCEX

FYaFY4FORCEY

FZ=FZ+FORCEZ

RETURN

END

41




0001
0002¢
0003:
0004
000s:
0006
0007:
0008
0009:
0010¢
0011
0012:
0013:¢
V014
00152
V016
00172
0016:
0019
0020
0021:
00228
0023:
00242
00252
0026
goar:
0028
0029:
0030:
0031
0032:
005s8¢

C FOR

SUBROUTINE NABORS
ANY PARTICLE (I+JoeK) SUBROUTINE CALCULATES I=LoeJ=M, AND KeN WHERE

C(LeMsN) IS A NEIGHBOR. VALUES ARE STORED IN ARRAYS [X(I Jel)eIK(IeJe2)
CIVIIsJel) ETC, WHERE I HERE DENQTES UST+.2NDe¢ 3RD ETCe AND y THE

C PARTICULAR UNE OF THE NEIGHBORS. TwO LXPRESSIONS ARE USED TO

C CALCULATE IXeIve AND 12 DEPENDING ON THE VALUE OF X OF THE SCANNED

C PARTICLE. ANO THE 3RO INDEX DETERMINES wMICH ExPRESSION 1S USED.

S50

100

COMMON/SEARCH/NMAX NMINJNNRCRIT.RCRIT2
COMMON/NNBORS/IX(6+249+2)9JY(6:240+2)12(6+24¢2) 4NUM(6)
00 50 [=1.6

NUM(])=0

00 100 LL=1.21

DO 100 MM=1,.21

00 100 NNN=1.21

LsLl-11

M=MMe-]1

N=NNN=11

ISLEC2eMO0 24N sLONILE*MIMeN

IF(I GT. NMAX) GO TO 100
NUM(I)aNUM(T) ]

IRX23 +M

IRY2=| N

IRZ23M+N

KENUM(I)
IX(EoKol)B(IRX2=1+TABS(MOD(IRX2=202)))/2
IX(CIoKe2)2(IRX24IABS(MODLIRX2e2)))/2
IV(IeKe212(IRY2=201RBSIMOD(IRY2-2¢2)))/2
IV(IeKe2)2(IRY24IABS(MOD(IRY202))) /2
I12(1eKe1)320IR224IABS(MODIIRY2,2))
IZ(1eKe2)32¢IR22-141ABS(MOD(IRY2=1,42))
CONTINVE

RETURN

ENO




Y

0001
0002:
00032
0004
000S:
0006
- 00072
00082
0009
00102

SUBROUTINE NRAN31(X1iX2:1)
COMMON/MISC/GAMMA « TAUsHoFXoFYoFZoRoREVEP+ ICALCIECHECK
X35SORT(=2.0¢ALO6G (URANSL(I) )
X426,20318530720URANSL(T)

X2=X3eSIN(XS)

X12X30COS(X4)

X28X2/SORT (GAMMA)

X13X1/SORT (GAMMA)

RETURN

END
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0001¢ SUBROUTINE OUTPUT |

0002: C SUBROUTINE PRINTS SINGLE-PARTICLE DISPLACEMENTS AND VELOCITIES

0003: COMMON/SIZE/LX LY LZ NP NTOTL2UL2SEGH .
0004 COMMON/VEL/VX(0%,04¢300) syY(08:04,300),VZ(0%,04,300) >
000S: COMMON/POSIT/X(04,04:300)+y(04,04,300),2(04,04,300) b
0006 COMMON/MISC/GAMMA s TAUHFX FYoFZoRyREVEP+ ICALC +ECHECK ¢
0007 WRITE(6¢101) :
0008 SUMVX=0. 3
0009 SUMVY=0. e
0010: SUMV2=z0. - 1
0011: WRITE(6+102) -~
0012: DO 5 K=314L24 5
0013 00 S yslelY

0014 00 S I=1eLX

0015¢ DX2X(ToJoK)=FLOAT(I)¢1.=eSeFLOAT(MOD(K 4)/2)

0016 DYSY(LeJoK)=FLOAT(J)*1s=eSsFLOAT(MOD(K=1¢2))

0017 DZ32(JeJsK)=0,58FLOAT((K=1)/2)

0018¢ SUMVXZSUMVX+VX(IeJeK)

0019: SUMVYZSUMVY VY (IeJeK)

0020 SUMVZESUMVZ4VZ(TeJeK)

0021 NPLANE= (K=1)/2+1

0022¢ S WRITE(6¢103)NPLANE ¢ZeJoeKeOXeOYoDZoVX(ZoeJoK)oVY(TeJeK)oVZITedoK)

0023: WRITE(6+104)SUMVX (SUMVY SUMVZ

0024 101 FORMAT(/////2X+8DATA FROM SUBROUTINE OUTPUTS)

00252 102 FORMAT(2X¢8PLB6X QIR e6Xe@YB X BKDIX+30XR¢12X+80YRe13X08D28013X
0026 2,0VX0:13Xe8VYR13X,8V28)

0027¢ 103 FORMAT(AX 8 (Z8¢3X)e6(EL12.4,3X))

go028: 108 FORMAT(1XQSUMVX = B+E18,6,3X:QSUMVY = 9+E14¢6¢3X13SUNVZ = Q4ELG,

0029: 26)
0030: RETURN
0031 ENO

44




0001 SUBROUTINE PLANEAV ' [
0002: C SUBROUTINE CALCULATES AVERAGE VALUES OF POSITION ANO VELOCITY FUR
0003: C PARTICLES IN A GIVEN PLANE. |

0004 COMMON/SIZE/LX LY LZINPoNTOTL24+L2SEGH
00053: COMMON/VEL/VX(04¢:04¢300)¢yY(04¢04%+300),VZ(0%¢04%,300)
0006 COMMON/POSIT/X(04:04¢300)¢YV(04,04:300)¢2(04¢04,300) £
00073 WRITE(6¢100) &
0008 WRITE(6¢101) 4
t 00093 SUMVX=0, ,
4 0010 SUMVY=0. 1
' . 0011 SUMDX=0,0 P
0012: SUMDY=0.0 3
00132 SUMV2=0, ;
0014 00 30 K=1sL24e2 )
0015: DZAV30, e
0016: DYAVE0,0 P
0017 DXAV=0.0
0018 VXAV=Q,
0019: VYAV=0,
0020 VZAV=0.
0021 00 20 J=1.LY
0022: D0 20 I=s1.LX
0023: 0ZAV=DZAV+Z( e JeKI4Z(TeJeKel )=, 5¢FLOAT((K=1)/2)=,5¢FLOATIK/2)
0024 DXAVSDXAVX(TeJeK)4X(TeJeKe1)=2,00FLOAT(I) 4240
0025 2-0,5*FLOAT (MOD(K+1,4)/2)=0,5¢FLOAT(MOD(K%)/2)
0026 DYAVZOVAVeY (L eJeK) oY (T eJeKel)=2,08FLOAT(J) 2.0
0027 2+0,5¢FLOAT(MOD(K+2))=0.5eFLOAT(MOD(K=14¢2))
0028: VXAVIVXAVEVX (T oJoeK)eVX(TeJ K*1)
0029 VYAVSVYAVOVY (T oJoK)oVY(TeJeK*1)
0030 20 VZAVSYZAVIVZ(TJeK)oVZITed K42}
0031:¢ SUMVXESUMVX+VXAV
0032: SUMVY2SUMVY¢VYAV
0033: SUMDX=SUMDX+DXAV
0034 SUMDY=SUMDY+0YAV
003s: SUMVZ=SUMV2+VZAV
0036 DZAV=ZDZAV/FLOAT(NP)
0037: VXAVEVXAV/FLOAT (NP)
0038: VYAV=VYAV/FLOAT(NP)
0039:¢ VZAVIVZAV/FLOAT (NP)
0040 DXAV=DXAV/FLOAT (NP) .
00wl OYAVEDYAV/FLOAT(NP)
0042 NPLANE=(K=1)/2+1 I3
0043 30 WRITE(6¢102) NPLANE «DZAV.VZAVsVXAV VYAV DXAVDYAY 1
0044 WRITE(60103) SUMVZ,SUMVXeSUMVY ,SUMDX SUMDY
0045 103 FORMAT(//2Xe@SUMS@ T24+EL1Y4,6¢3XeEL14,6¢3XeE1406¢3XeEL14,6¢3XeEL14,6) ,1
0046 100 FORMAT(/////2X+3DATA FROM SUBROUTINE PLANEAV@)
0047 101 FORMAT(1X 8PL@+9X¢QDZAVA 113X ¢AVZAVE 113X 13VXAVA.13X.OVYAVR 13X, i3
0048 280XAV@¢13X80YAVE) | 9
0049 102 FORMAT(1XoI3¢3X0E140603XeE1%e643X0EL14,603X E14,6:3X¢EL18:603X0 |
0050 2E14,6) |
0051 RETURN
00%2: END
{
| 8
|
4
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00012
0002¢
0003¢
00082
00082
00062
00072
00088
0009¢
00102
0013
00123
00133
00143
00191
0016
e017¢
00160¢
0019t

SUBROUTINE POTFOR(N,ISCANY)
COMMON/NISC2/FORCEXFORCEY,FORCER
COMMON/STRESS/DISTX0ISTYDIST2:01I8ST0FSTR:CLoPVRR,PYYVPVER
COMMON/MISC/GAMMA ¢ TAU«HFXFYFZ¢RIRELEP, TCALCECHECK
01ST=3QRT(DIST2)
ClsEXP(=Re(RE*DIST~1,0))
IF(ICALCoNE1AND N .LT.1) C120,0
EF(ISCAN1.,EQ.2) 60 TO 133
CALL FORCE
IF(ISCANLNE.3) GO TO 169
PVXRSPYAX4DISTXeFORCEX
PVYVYVaPYYVeDISTYSFORCEY
PV22spPV22+D1IST2eFORCER
133 C=C}
SFLICALC «NEs2oANDeNoLT.1) C=0,0
EP2EP<0,3¢0.3¢(C=1,0)002
149 CONTINUE
RETURN
€NO




AR AT

——

00013
00023
00033
00048
000S:
00063
00073
0008:
0009¢

00108

00113
00123
00132
00148

C SUBROUTINE SAVES CURRENT VALUES OF POSITION IN VECTOR RS FOR USE IN

SUBROUTINE SAVE

C SUBROUTINE SCAN

COMMON/SIZE/ZLX LY L2 NP NTOTLZ8:L2SEGH
COMMON/POSIT/X(08:08:300)0Y(08,08+300)¢2(04:08,300)
CONMON/POSETS/XS(084,08,300)7S(04:04,:300)28(08:04,300)
D0 100 Ks1.L2¢

00 100 J=1.LY

00 100 Isi.LX

XS(EedoK)BX(LedoK)

YS(IoJeKIBY(IodoK)

TS(2eYeK)I22(LedeK)

RETURN

END




00018
0002
QQe3:
0004t
00052
0006
0007:
0008
0009:
00102
00112
00123
0013¢
0028
001S:
00148
00172
0014:
00193
0020
00233
0022:
00232
0024
0023:
0026¢
0027:
002e3
0029¢
90303
0e31¢
0032:
0033;
00343
00383
003¢:
00373
003¢:
0039:
90s03
0083
00423
0063¢
00uss
0063
LILT ¥
Q0a7s
008g:
0089
0030:
00813
00922
00832
00342
009s:

SUBROUTINE SCAN(IsJoKo ISCANL « ISCAND)

C IF ISCAN231. SUBROUTINE DETERMINES THE NEAREST NEIGHBORS 10O PARTICLE
€ t1eJek) o IF ISCAN2S2, NEAREST NEIGHBORS ARE  ASSUNED TO BE THOSC

C CALCULATED AT SONE PREVIOUS TINE. IF 1SCANLals YHE FORCE EXERTED ON
C PARTICLE (I+viK) BY ITS NCIGHBORS IS RETURNED TO THE CALLING PRUSRAN,
C IF ISCANAR2¢ THE POTENTIAL ENCAGY 1S RETURNED. IF ISCANIs3. BOTN ARE
C RETURNED AND CONTRIBUTIONS TO THE PRESSURE  TENSOR CALCULATED,

100

189
1%
183

COHRONISIICILX.LV'LloNPoNlO'oL!l~L!SKCQ
COIION/SYI(SSID!S?!oOllYYoDlS'IoOlS!oDlSTloClOPVlloPVVVoPVII
CDHHON/POSIYSII(O0.06.3.0).V(.ch'vl‘.b.l(l‘olbc’..)
CQI"O“I'ISCIOAH'A-YlUQ"o'l.FVoflo.olto(PoIC‘BC'(C“KCK
CDINONI!IARCHINDAI.Nﬂl“o“ﬂ.ﬂtﬂl?oltll'!
COMMON/NNBORS/IX(642%12) oIy (602%42) 206424420 NUNLG)
OINENSTON NUNNNION,08,300)

Faz0,0

FY=0,0

F2=0,0

€P=20,

PVXXRQ,0

'V".'o.

PV2280,0

KK2M0D(KeW) ol

60 TO (S546:7:8) KK

IN3X3)

IN3Ys2

IN32s2

60 Y0 9

IN3X®)

IN3Va)

IN3223

€0 70 9

IN3R=2

IN3Vs2

IN32s2

80 T0 9

INSx=2

INSYRy

IN3S2w)

CONTINUE

IFINNIN <€Q. 0) 60 TO 2132

00 130 Li=].NMIN

MIMAXSNUN(LE)

00 189 Misi.MINAX

LaIeIxtLiemsoINSX)

N2JelyiLioME e INSY)

NEKOTZ(LLoM3)IN32)

CALL CONVERT(L M+ N+LEQMED,NEQ)

CALL CltOISY|Lol0~vl(00ﬂt¢.ﬂt00!oJoI)
SALL POTFOR(N.ISCANY)

CONT INVE

CONTINUE

CONT INVE

IF (NMAXEQ.NMEN) GO TO 300
JFIISCAN2.£Q.2) 6O YO %00
NURNN{(SoJeX) 2D
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0036
00873
00set
00392
0060:¢
00618
00621
00632
0066
00632
00662
00673
0068:
00692
0070:
00718
00722
00732
00742
007s:
00768
00772
gare:
0079:
0080¢
0081

389
330

450
500

NMINPISNMING]L

00 3350 LASNMINPL . NMAX

NINAXZNUM(LL)

D0 349 Mis] MIMAX

LEIeIX(LLoMR INIX)

MEJYoIyiLloMloEN3Y)

NeKeS2(LL oMLy INS2)

CALL CONVERT(L«M:N:LEQ'MEQ,NEQ)

CALL CALOIST(LoMoNLEQINEQINEReL VoK)
IF(DIST2 «6T« RCRIT2 «OR. DIST2 (LE. 1,0E-10) GO TO 349
NUMNN(E o JoK)SNUMNNI I e oK) 02

WRITE(S) LeMiNLEQO'MEQINES

CALL POTFOR(N«JISCAND)

CONTINUE

CONTINUE

60 70 300

NIJKSNUMNN(I o JoK)

IF(NIJUK .EQ. 0) GO TO 500

00 450 Li=1.NIUK

READ(8) LeMiN:LEQ'MEQ'NEQ

CALL CALDISTIL«M¢NLEQ'MEQNEQeIvJoK)
CALL POTFOR(N.ISCAN1)

CONTINVE

CONTINUE

RETURN

END




0001 SUBROUTINE SOLVE

0002t C SUBROUTINE SOLVES EQUATIONS OF MOTION TO OBTAIN VALUES OF THE

00033 C POSITION AND VELOCITY AV TIME TAU ¢ H GIVEN THEIR VALUES AT TINE
0008 C TAU. VTHE PROCEDURE IS VIA A FOURTH-ORDER RUNGE-KUTTA METHOD.

0005 COMMON/SIZE/LX LY L2eNPNTOTL204:L2SC6GY

0006: COMMON/VEL/VX(08,04¢300) vV (08:0%,300).VZ(0%,00,300)

0007 COMMON/POSIT/X(0%:08:300)0Y(08,0%¢300):2(04:00,300)

0008 COMMON/POSITS/XS(08:04:300)YS{00:08:300)+281(00:00,300)

0009: COMMON/SEARCH/NMAX . NMIN,NN,RCRITRCRIT2

00102 COMMON/MISC/GAMMA sTAUvHoFX FYF2ZoRREIEPICALCECHECK

0011 COMMON/OUMMY 7PX (04,04 ,300) PYLD%:04,300)P2100,08:300)PVX(08,08,
00122 2300) PVYY(08,04,300)PVZ(08,04:300)xI(08:04:3000,Y3(04:04,300),
00132 321(08,09¢300),VXI(0%+04:300)VYI(00,00,300).V21(00,04,300)
0018 LEVEL 2+PX'PY PLPYXPVYPYZoXToV1021VXIeVYEVE]

00198: OIMENSION F2I(04:004.02)

0016: C SAVE VALUES OF POSITION AND VELOCITY AT BEGINNING OF INTERVAL IN
0017¢ C VECTORS R] AND VI AND INITIALIZE Pas.

0018: D0 S0 I=1.LX
0019¢ 00 30 y=l.LY
0020 D0 30 K=1.L2%
0021¢ RECLoJaKISX(I4JoK)
| 00228 YI(IoJoeKI2Y (L 0JeK)
| o023 211 oJeK)B2(L0JdeK)
| 0024¢ VXEI(E oo KISYX{EvJeK)
002s: VYI(LeJdeKIBVY(I0JeK)
0026 V2I(LeJdeK)BVZ(LeJdoK)
[ [ 34 PX{leneK)n0,0
0028 PY(IeJeK)=0,0
0029 PZ(1¢JeK)20,0
0030¢ PVXi1,JeK)=0,0
0031¢ PYY(L JeK)n0,0
0032: S0 PV2(1,JeK)=20,0
00338 C END SAVE AND INITIALIZATION SEQUENCE.
00342 00 %00 M=3,4
00338 C SAVE CURRENT VALUES OF POSITION IN RS.
0036 CALL SAVE
00378 C BEGIN SEQUENCE FOR SOLVING EQUATIONS.
0038 REWIND O |
0039¢ DO 200 KX=1,.LZ& |
0040 D0 200 Jsl.LY E
00%1: 00 200 I=1.LX
00428 IF(M ,NE. 1) 60 TO 60 |
0083 CALL SCAN(X«JeKele1) i
60 T0 61 |

60 CALL SCAN(IiJiKele2)
C SCAN RETURNS VALUES OF FX.FYs AND F2+ THE COMPONENTS OF FORCES ACTING
C ON THE PARTICLE BEING SCANNED,
63 FX=22,0*RE*ReFX
FY82,00RESReFY
F222,0¢RESReF2 :
IFIK (EQe 1 «ANDe M +€Qs 1) F2I(10Je1)2eF
IFAK (EQs 2 +ANDe M LEQ. 1) F2I1100e2)meF2
IF(ICALC oNEe 1 «ANDs K .EQe 1) F230.0 ‘
IFLICALC oNE:. § «AND, X EQ¢ 2) F230,0 i
60 TO (105¢110¢315:120) M k
i
[
¥
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0056 105 PYX(L JeKIZPYX(E+JoK)eFX/6,0 1
0087 PYY (I JeK)ZPVY (T 00 K)eFY/6,0 i
00983 PV211.JeKIZPVZLIeJoK)+F2/6,0 !
0089: PRUToUeKISPX(TodoK) VXL oJ o K)/6e0 '
0060 PY(EeJdoKISPY(IeJeK)*VY(IodK)/6.0
0061 PZUEeJoKIBPZ(RoJoK)OVZIT VY KI/600
0062 XC(IodoKIBXI(TedeK)oHOVYX(T0YeK) /2.0
0063 YOLoJdoKISYI (T oJdeK)oHOVY (T egeK) /2.0
0064 20T eJdoKIZZI (L 0deK)eHOV2 (T 0 yeK) /2,0
0065 VRCLoJoKISUXI(T o JoK)*HOFX/2,0
0066 VY (L odoKIBVYI(ToJoK)*HOFY/2,0
00673 VZUTedoKISVZI(TeJeK)*HOF2/2,0
0068 60 Y0 200
0069 110 PVXIT,JeK)ZPVXITeJoK)oFX/3,0
0070: PVY(LoJeK)SPVY(1eJoK)¢FY/3,0
0071 PVZUL4JeK)IZPV2(IeJeK)eF2/3,0
00728 PXUTogoKIZPXITeJoK) OVXITodK) /30
0073: PY(TedeKIZPY(TedoK)OVY(TeJoK)/340
0074 PLULeJdoKIZPZ(TeJeK)OVZIT 4 J K] /3.0
007S¢ X(LodoeK)IBXI(IoJdoeK)eHOVX (I oyeK) /2,0
0076 YOI oJoKIZYI(T o do I eHOYY (L0 geK) /240
0077 2T odeKIZZI(Tod oK) oHOVZ (L0 yeK) /2.0
0078: VX(TeQoK)BVNT (T o J oK) *HOFX/2,0
0079: VY (LeJeK)ZVYI(LoJoK) ¢HOFY/2.0
0080 VZULoJeKISVZI(TeJeK)*HEF2/2,0
0081: 60 70 200
i 0082 118 PVX (L JeK)IZPVX(TeJoK)eFX/3,0
3 0083: PVY (I JeK)ZPVY(1edK)OFY/3,0
f 0084 PVZ(14sJeK)IZPVZ(LeJoK)OF2Z/3,0
00es: PRCT oo IZPXIT s eKI*VXIT oo K)/3:0
0086 PY(IoJeKIZPY(ZeJeK)OVY(TeJ(K)/3.0
0087 PLIT v eKIBPZIT UKD OV2(T0J,K) /360
0088 X(ZodoKIBXI(ToJdoK)eHOVX (Lo yeK)
0009 YULodoK)ISYIULoJoK)SHOVY (o geK)
0090: ZUTedeKIZZI(Tod oK) GHOVZ (Lo yeK)
0091 VX(ZoJoKISVXI(IeJdeK)*HOFX
0092: VY (TedoeKISVYI(TaedoK)¢HFY
0093: V2(1eJeK)BVZI(I1JoK) ¢HeF2
0094¢ 60 10 200
009s: 120 PVX(I,JeK)ISPVX(TeJoK)¢FX/6,0
0096 PYYLI v KIBPYY (T eJ oK) FY/6,0
0097 PVZUL14JeK)ZPVZ(TeJeK)OF2/6,0
0098 PRXULeQoKISPXITeJoIK)OVRIT oI K) /600 |
0099 PY(IodeKIZPY (T eJdeK)EVY(TedoK)/6e0 € |
0100: PZUToJoKIZPZ(IodeK)*V2(T4J¢K) /640 |
01018 X(ZoeJdoKIZXI(TodoK)eHEPX (L e geK) .
0102¢ YIoJdeK)ZYI(LodoK)4HOPY (L ¢geK) } y
0103¢ ZURedoKIBZI (L e Jo KD 4HO®P2 (T4 oK) i
0104 VX(TogoeK)SVXI(ToJoK)+HEPVX (I ed K) ‘
0108t VY(ToJgoKIZVYT (T v oK) *HEPVY (T 0J oK) |
0106 VZ(1eQeK)BVZI(TeJoK) *HEPVZ (T ed oK)

, i 0107t 200 CONTINUE ,

, . 0108: 900 CONTINUE E |

‘ 0109: REWIND 8 '
01103 C CALCULATE WORK DONE IN INTERVAL.

T
TR WD Ry o v
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A AR,

01112
01122
01132
0116
01192
0116
0117
o118
0119:
01202
01232
01222
01232
012s:
012s:
0126:
01278

%10

19

%20

CALL SAVE

WORK =0.0

DO 910 J=1.LY

00 910 I=3.LX

CALL SCAN(Ie«Jelele2)

Fl2=2,0°RE*R*F2

WORK2WORKD SO IFZIt eded)eFr2)e(2(2eded)=21(1eded))
00 919 J=1,LY

00 919 I=l,.Lx

CALL SCAN(I+Je2:1+2)

F2z<2,0°RE*ROF2

WORKZWORK40Se (F2I(LeJe2)4F2)0(2(14002)=21(10d02))
ECHECKSECHECK +WORK

REWINQ .8

TAUSTAUSH

RETURN

END
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0001
00022
0003
00042
000s:
0006
00072
00008
0009
00102
00113
9612l
0013:
00163
00188
0016¢
0017¢
0018
00193

SUBROUTINE SORT(V,0V)
COMMON/DIST/NIRII00) «NIL(100) sNINAX
00 1 ys1.100

V1=DVeFLOAT(J=])

Vas0VeFLOAT (V)
IF(V3.LE«V.AND VLT V2) 60 TO 2
VIN=DYSFLOAT (1)
VaNsDyeFLOAT (=)
IF(VEN.LEV.AND.V,LT.VIN) GO TO 3
CONTINUE

60 TO &

NIRLJ)ISNIRIY)#)
IF(J.GTNINAX)NIMAXEY

60 TO &

NILGJ)SNIL(J)+}
IF(JGT«NINAX)INIMAXSY

CONTINVE

RETURN

END
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00012
0002:¢
0003:
00042
000%:
00062
0007:¢
0008:
00092
0010:
00112
00123
00132
00142
00193
0016:
00172
0018t
0019:
00202
ovai:s
gg22:
00238
00242
00292
00262
00272
00208°¢
00291
00302
0031:
0032:
00332
003!
003s:3
00363
0037:
0038
00359:¢
00402
00838
00422
00u43:
004u:
006452
00468
00672
00us:
00u9:
00502
00%1:
00822
00532
00S6:
00353

SUBROUTINE START
SUBROUTINE ASSIGNS PARTICLES TO INITIAL POSITIONS AND

C
C RANOOM VELOCITIES ACCORDING YO A MAXNELLIAN UISTRIBUTION
c AND STANDARD DEVIATION = l/s‘ﬂf(ﬁlﬂﬂl‘.
co'HON/s‘ltlkch'oleN'oN'O'oLZ.'LlSt‘.
CONHON/VCLIVllﬂ“co“OSOOIcv'(°l00903°°’onlO‘OOQQBQQ’
COllONI?OSlY/llON.OC.300)'Ylo‘oOUoSODDollﬂﬁo°“030°l
ConnON/"SCIGlNﬁROYRUOHQFX.F'oFllRoREoth‘CﬁLCo‘C“tCK
c CALCULATE INITIAL POSITIONS
DO 7 K=leL2Y
00 7 JslelY
DO 7 1=1.LX
llloJoKl'FLOA‘(l"loOOO.SOFL0l'|N°D!Kv.)IQ)
VllOJ.Kl'FLOlT(J)-l-OOOoSUFLO‘Y‘NOD(K'l92'i
? l\lquK)SO.S‘FLOlT((K'lila)
c ASSIGN INITIAL VELOCITIES
IRAN=0D
KSCALESO
SUMVXS0.
SUMVYs0.
SUMVZ=0.
SUMV220.
DO 8 Ksl:LZ4
DO & usleLY
00 8 Isi«lX
CALL NRAN31 U X1¢X2¢ IRAN)
VX(LeJdeK)EX1
VY (TedeKIBX2
CALL NRAN31 (X1 ¢%2¢IRAN)
VZ(leyeKISX]
SUMVXSSUMVX+VX (T vJeK)

SUMVYSSUMVY VY (TvJdoK)
[ ) SUnVlsSUHVIOVZ‘le-K)

Cc ADD VELOCITY INCREMENTS T0 INSURE NO NET MOMENTUM
DV!S-SGHVIIFLOAI(NTOT)
DVY:-SUNVYIFLOAT(NTOT)
DVZ'OSUHVZ/FLOAI(N?OI)

C=21l.

9 CONTINUE

DO 10 K=1eLZ%

00 10 JsieLY

00 10 I=3eLX

Vl(loJ-KllctvxiloJ.K)ODVI

VY(!oJ.K)!C‘VYll'J-K)ODVV

vl(loJ'K)ICQVZ(loJ.K)oDvl

sunvxasunvxovx(xoaoxi

SUMVYaSUMVY VY (TeJeK)

SU"VI'SUNVI‘VI‘!OJ.K’
.10 sunva:sunvaovx(l.J.Kn--zovv(x.u.n)o.aovztl.a.x)--a

lF(KSth&E.GT-OIGO 70 11

C SCALE VELOCITIES TU GIVE SUHVQ:&‘NTOY/G‘HNA
C'i.'FLOlT(N?OY)Ilslnnaosunvzl
C3SART(C)

KSCALES)
oVX=0,

ASSIGNS THEM

WITH MEAN Z2ERO
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0056 ovvso,

00972 Ov2s=o,

00%8¢ SUMVXa0.

0099¢ SUMVY=O0.

00608 SUMV2=0.

00611 SUMV2u0,

0062 G0 70 9

00638 11 EINITaSUMV2/2.

0064 WRITE(612)

0063¢ WRITE(Ge13)EINITSUMVX +SUMVY SUNVZ
00662 12 FORMAT(2X(QDATA FROM SUBROUTINE STARTSE)
00672 13 FORMAT(2XQINITIAL VALUES OF KINETIC ENERGY AND NET VELOCITICSA.
0060 20E14,6)

00692 RETURN

0070? END




0001 SUBROUTINE THERMO(KL+K2+ETQT)
0002: ¢ CALCULATES AVERAGE VALUES OF FLOM VARIABLES BETWEEN PLANES X1 AND X2
0003¢ COMMON/POSIT/X(04,04+300)¢Y(04,08¢300)¢2(04¢04,300)
0004 CONMON/POSITS/XS(04:04+300)¢VS(0%+04¢300)¢28(08¢04,300)
000s: COMMON/STRESS/0ISTXOISTY(DISTZ+0IST+0IST2,C1 PVXX.PVYY PVEL
0006 COMMON/SIZE/LXoLYoLZ WP oNTOToL2%L2ZSEGH
00078 COMMON/VEL/VX(0%:04+300)syY(04:00,300),V2(0%,0%,300)
0008 COMMON/MISC/GAMMA ¢« TAUHFX FYoFZoR4REVEP« ICALC +ECHECK
0009: C CALCULATION OF DENSITY NORMALIZED TO 2ERO-TEMPERATURE VALVE.
0010t OENS=0,
00113 2K330,
0012: K220,
0013¢ LZ132eK1e1
(TITY L2222eK2
0019%: 00 1 Jsl.iLY
0016 DO 1 Isl.LX
0017: ZK1RZKI4Z(T0JoL20)e2(T 0ol 2240)
0018: 1 ZN28ZK24Z(TvJoL22) 42 L vdel2221)
3 0019¢ 022 (2ZK2-2K1)/FLOAT (NP)
0020 T12,9eFLOAT (K2=K1)
00218 DENSsT1/02
00223 C CALCULATION OF AVERAGE VELOCITY.
0023 VAVNO,
0024 NK1K2sNP® (K2-K1¢1)
002s: 00 2 KsL21.L22
0026 00 2 JslelLY
0027¢ 00 2 fsllX
¢ 0020 2 VAVEVAVOVZIT1JoK)
A 00298 VAVEVAV/FLOAT (NK1K2)
0030: ETRANSSFLOAT (NK1K2)eVAVee2/2,
0033t ¢ CALCULATION OF TEMPERATURES.
0032 X80,
003s: TY=0,
0034 vZa0,
0033 =0,
00362 00 3 xsL23.L22
0037: 00 3 ysilLY i
0038: 00 3 f=lolX ]
0039 TXSTROVX(TodeK) 002 G
0040 TYaTYeVY(LeJeK)0e2 3
00818 VZ13V2(1eJeK) VAV 2
00822 ¢ 3 TZ=T2eV21ee? ]
00438 ETHERMS(TX+TY+T2) /2, :
004N TX=TX/FLOAT (NK1K203)
0043 TYSTY/FLOAT (NK1K2¢3) g
0046 T2=T2/FLOAT (NK1K2e3) %
M 0047¢ TeTXeTYVOT2 ¥
¥ 00888 C CALCULATE KINETIC CONTRIBUTION TO PRESSURE TENSOR :
: 0089 PKXXAVE3,0eDENS»TX |
0050% PKYYAVR3,0eDENSeTY
0081 PK22ZAVE3.0¢DENS®T2
00523 C CALCULATE AVERAGE POTENTIAL ENERGY AND POTENTIAL CONTRIBUTION TO
00S83: C PRESSURE TENSOR
005s: EPAVE0,
0058 PVXXAVEO,
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0056 PVYYAVEU, 8
00987? PV22AvV=0, 9
0058 CALL SAVE |
0059 00 & x=LZ1.L22 -
0060 00 & JslelY :
00612 00 & I=leéLX
00622 CALL SCAN(IsJeKe3e1)
: 0063 PVXXAVEPVXXAV+RORECDENS*PVXX/FLOAT (NK1K2)
; 0064 PVYYAVSPVYYAV4RORECDENSePYYY/FLOAT (NKIK2)
0065: PVZZAVEPVZZAV4RORECOENSePV2ZZ/FLOAT (NKIK2)
0066 4 EPAVEEPAVEP
00678 REWIND 8
0068: EPOTSELPAV
0069 ETOTZETOT+ETRANS *ETHERM+EPOT
vov0: EPAVEEPAV/FLOAT (NK1K2)
0071: PXXAVEPKXXAV4PVXXAV
00728 PYYAVEPKYYAV4PVYYAY
0073: PZZAVZPK2ZAV+PVZZAV
0074 WRITE(6¢99)
0078 WRITE(6¢100)K1 K24 NKIK2
0076 WRITE(6+101)DENS VAV EPAV
00772 WRITE(6¢102)ETRANS \ETHERMEPOT
0078 WRITE(6¢103) TXPKXXAV:PVXXAVPXXAY
0079 WRITE(6+108) TY.PKYYAV.PVYYAVPYYAV
f 00080 WRITE(6¢305) T2.PK2ZAV.PV22ZAVIP22ZAV
3 0081 WRITE(6¢106) T
0082 99 FORMAT(/////2X.QDATA FROM SUBROUTINE THERMO=VALUES AVERAGED BETWE
0083 2EN PLANES K1 AND K28)

0084 100 FORMAT(IHO KISR0 T4 2X 1 BK2u8¢ I8 ¢IXANKIK2%8:14)

0085 101 FORMAT(SX.Q0ENSITY=R¢E13.6,3X¢0VZAVGRRIELS,6¢3X0EPAVGE0:E13,6)
0086 102 FORMAT(6XOETRANSRQE13,6¢2X1QETHERNSOEL13,6:9X0EPOT20:E1346)
0087: 103 FORMAT(IX BTX2R:E13,6¢3Xc0PKXX20¢EL3,6¢3Xe0PVXXRDIEL3,6+3X:0PXX=E

0088 2.E€1346)

0089 104 FORMAT(3X @TVSR¢E13,6¢3X¢0PKYVRE13,603X1QPVYVERIELI 63X 0PYYR
0090 2:£13.6)

0091 105 FORMAT(3X @T22R:E13,6¢3X¢0PK2220+E13,6¢3X1QPV2280E13,6:3X:0P2280
0092: 2:€13,.6)

0093} 106 FORMAT(3X.8T=@.,E13,6)

0094 RETURN

009s!¢ END




0001
0002:
0003¢
0004
000S:
0006
0007
0008
0009:
00108
00112
00138
0013¢
00148
00198

FUNCTION URAN31(])
IF(1)204212,120

1=11111111

Jsl

JaJegs
JBJ=(Y/6T7108864)6710006%
JuJyeas

JeJe= (J/767300064)067108086%
JsJeg
JBJ=(J/76T71080864)26710006%
AlsY

i1sy

URANS3ISAL/767100060,
RETURN

END
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