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ABSTRACT

The generation of a strong transverse MHD shock wave in

a coaxial electromagnetic shock tube is simulated numerically.

Further plasma heating is achieved by shock reflection and fo-

cusing on the end wall.  The details of the two-dimensional

axisymmetric flow in the shock tube and the process of shock

focusing and reflection from a curved end wall are studied.  In

general, the drive currents can be arbitrary functions of time,

and the end wall can be of arbitrary shape.

The scheme used is the fluid-in-cell method (FLIC), mod-

ified for compressible, time-dependent magnetohydrodynamic flows

to include a magnetic field perpendicular to the flow direc-

tions.  The governing equations are the two-dimensional axisym-

metric, ideal, single fluid MHD equations coupled with Maxwell's

equations. Finite differencing is carried out for cells of vari-

able shapes to accomodate solid walls and free surfaces.  On a

moving vacuum-plasma interface, a mixed Lagrangian-Eulerian pro-

cedure is used.

To optimize the wall shape for shock focusing, the location

of the focused region and the wall shape areselectedaccording

to Whitham's shock-ray theory. The comparisons of the computed

results between different shapes of the end wall are made to

maximize the plasma heating.  The most efficient shock focusing

and plasma heating occurs with a quarter-elliptic end wall, giv-

ing a reflected and focused shock temperature some 8 times the

incident post-shock temperature, or more than twice that ob-

tained from a flat wall reflection.  The corresponding density



in the focused region is 16 times the initial density in

the shock tube.

To check the accuracy of the method, computations for a

plane shock wave reflecting from a semi-circular wall in two-

dimensional plane flows are also made using both the FLIC me-

thod and the two-step Lax-Wendroff scheme. The two methods

agree well.
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V.

1.  INTRODUCTION

J
Experimental studies of strong magnetically driven shock

waves in a coaxial.electromagnetic shock tube with a transverse

f ield have been conducted for the past .several years at Colum-

bia Universityl-4.  At the same time, numerical simulations of

the MHD shock tube with artificial dissipation5 and physical

dissipation6 in one-dimensional flows were also carried out.

7
These studies are analogous to the Hain-Roberts code for pinches .

However, since the nature of the flow in the coaxial shock tube

is obviously two-dimensional, it is importaht to study the flow

two-dimensionally.  A.numerical computation of the problem will
.

give us interesting and useful insight into the details of the

flow in the tube. It is our main purpose to investigate plas--

ma heating numerically by shock focusing and reflection from

curved end walls for temperatures of fusion interest.

The general experimental setup of the shock tube is shown

schematically in Fig. 4-1.  The working gas fills the space of

the cylindrical annulus. A bias current flows in the central

rod of the inner conductor to give an azimuthal field ahead of

the shock.  When the circuit is closed, the capacitor banks sup-

ply a radial current between two cylindrical electrodes passing

through the working gas. This current sheet heats and pushes the

gas ahead, creating a shock wave that runs down the tube. To

reflect the shock wave, the end wall of the tube can be designed

to form a proper profile so as to produce dense plasma heating

in kilovolts by shock focusing and reflection.
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A number of numerical codes (see e.g. 8,9) of multi-

dimensional, time-dependent, compressible flows in hydrodyna-

6 mics have been developed and applied successfully in the past.

Yet  it  is not easy to apply them directly to MHD flows with

arbitrary wall shapes or with a.vacuum interface. The two-

10
step Lax-Wendroff scheme was applied by Potter in plasma fo-

cus studies, in which he handled the moving vacuum-plasma in-

terface by a minimum-density control. But this technique can-

not be readily applied to MHD flows, because magnetic fields

exist in both the vacuum and plasma regions, and the computed

magnetic fields near the vacuum boundary will become completely

inaccurate.  If not properly tailored, the Lax-Wendroff schemell

may also induce numerical instabilities on a curved wall bounda-
12

-
ry. It has been suggested by many authors, e.g. Lapidus , to

transform the curved wall into a straight boundary. Such variable

transformations are usually very laborious to carry out even in

simple geometries, and it may become prohibitive in more compli-

cated geometries.  The particle-in-cell method (PIC) and the13

14
grid-and-particle method (GAP) use particle-control in a sur-

face cell to move the free boundary under an applied pressure,

but they invariably give large fluctuations to the calculated

"          results.
15

We have chosen to use the fluid-in-cell method (FLIC)  ,

which is originally an Eulerian finite difference scheme with

mass transport differencing for solving unsteady compressible

16
flow problems But, since the system of hydrodynamic equa-

tions of a perfectly conducting fluid in the presence of a
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=>

:· transverse magnetic field is reducible to that of ordinary flu-

id dynamical equations, we adapt the method rather easily.  More-
-

over, as the magnetic field is frozen into the plasma, it can

be treated in much the same way as the density.

But in the actual calculations of a plasma f·low .in MHD ap-

proximations, it may,require some special procedures to handle

boundary conditions on a curved rigid wall boundary and on a

moving vacuum-plasma interface. Also for curved walls most me-

thods to improve accuracy will result in tiny cells on the boun-

dary. It is troublesome to handle these tiny irregular cells

in the actual computations, and they cause stability problems.

Since the moving vacuum-plasma interface is Lagrangian in na-

ture, the Eulerian treatments mentioned above are less accurate.

A mixed Lagrangian-Eulerian procedure is taken to handle the

free boundary. Therefore, we extend the method to cells of va-

riable shapes on solid boundaries and vacuum interfaces.

To choose an end wall shape for shock focusing, we use

Whitham's shock-ray theory ' This is an approximate proce-
17.18

dure in which the particle paths are approximated by rays per-

pendicular to the shock surfaces. It.has been applied to various'

19gas dynamical problems by numerous authors such as Milton  ,

20           21
Lau , and Skews .  We extend this method to transverse MHD

flows and use it to select end wall shapes. One of the best

shapes of the end wall is a quarter-ellipse.

Chapter 11 summarizes the basic MHD equations and Maxwell's

equations for the assumed physical model, and describes the mod-

ified fluid-in-cell method for MHD flows with a transverse
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4

n          magnetic field.  The method is designed particularly for sur-

face cells of different shapes having irregular neighbor cells;
-

but usually, it is also applicable to the regular inner cells

located inside the computational region.

Chapter 111 describes the numerical boundary conditions

associated with the code. The Lagrangian contour is introduced

to handle the free surface and appropriate reflective boundary

conditions are applied to curved walls. The cell-mixing proce-

dures to increase stability are given as well.

In Chapter IV the results of shock formation in a coaxial

shock tube are given.  The shapes of the incident shocks are

obtained.  While the shock is almost planar, the current sheet
I.

is strongly inclined. Hence, one dimensional results are inade-

quate for their description.
-

In Chapter V the shock waves are utilized to study their

reflection from flat end walls. The solution of shock conver-

gence and reflection from a semi-circular end wall is also ob-

tained.  Usually, a shock wave will be diffracted and converged

bya curved end wall when it moves along the wall surface.

In Chapter VI, Whitham's shock-ray approximation is reviewed,
and extended to transverse MHD flows. End wall shapes are selec-

ted for shock focusing and reflection.

In Chapter VII, shock focusing and reflection from a quarter-

elliptic end wall is presented. The shock wave will be strength-

ened by the elliptic end wall to maximum limit and will reflect.

Of the three shapes studied, the quarter-elliptic end wall is

the most efficient shape for plasma heating, giving a reflected
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r             and. focused shock temperature some 8 times the incident post-

shock temperature, or more than twice that obtained from a

flat wall reflection.

In Chapter VIll, we test the FLIC method by studying shock

convergence and reflection from a semi-circular wall in plane

transverse MHD flows, and comparing it with results from the

22
two-step Lax-Wendroff scheme . The agreement between the

two methods is very good, which gives us some confidence in the

accuracy of our basic code.
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-                             11.  THE FLIC MHD CODE

2.1  The Governing Equations

The plasma in the shock tube is assumed to be a perfect

gas with infinite electrical conductivity. The fluid equations

under the MHD approximation are chosen for the plasma flows.

Although a two-fluid model has been used in one-dimensional

6flows , we do not feel it is easily extended to two-dimensional

flows.  In this study, therefore, we shall content ourselves

to study only the geometrical aspects of shock focusing and

plasma heating and a one fluid model is much simpler, at least

as a first step.

In the simplest model, the plasma is considered as an ideal,

single fluid of density p, pressure P, specific internal ener-
/M

gy 1, specific heat ratio y , and velocity U, carrying a cur-

rent J, in a magnetic field B  and electrical field  .  The

electrostatic forces and the displacement currents are negli-

gible.  The viscosity and heat conductivity are also neglected

in the plasma. Maxwell's equations in Gaussian units become

*W

7·B=O, (2.1)
MA

9•J=O, (2.2)
NA

*  1 ABv x E= -2- (2.3)At '
NA             W

v x B= 4NJ/c. (2.4)

Ohm's law is

* 1 N,, mE+ - U x B=O. (2.5)C

L--
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-            The fluid equations are

06  +   G  .  7)  p  = -p v. 0, (2.6)

4 8
p(1 +  8.9)8= -vp + j x B/c, (2.7)
\At

Ca- + G. , )1= -p v.U, (2,8)9,Bt

P =  (y-1)PI . (2.9)

Suppose that the flow is plane (-31- = 0  or axisymmetric\Bz
/B
tae - 0) and the veloci.ty is given initially to be in the (x-y)

plane or (z-r) plane, and the magnetic field is initially per-

pendicular to it:

U = (Ux, Uy, Uz) or (Uz, Ur' Ue)

= (U,V,0) ,

B = (Bx, By, Bz) or (Bz , Br' Be)

= (0,0, B), (at t = 0) (2.10)

then such a flow will remain two-dimensional (plane (x-y) or axi-

symmetric (z-r)) at all times,

NA

U =  (U,  V ,  0),
»A

B= (0,0, B).  (for all t) (2.11)

Since the magnetic field is in the z-direction or 0-direction,
/liM

the acceleration of the plasma and the electrical field (E =
t#*          N*

-1 U x B) in that direction will be zero.  The statement (2.11)
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easily follows from Eqs. (2.3) and (2.7).

For two-dimensional plane or axisymmetric geometry , Eqs.
AM

(2.3) to (2.8) can be expressed in the form, with U = (u,v,0)
M

and B = (0,0,B).

M
61                                                   (2.12)- = - div  (p U) ,
Bt

A                                            (2.13)0 (.A     +     u    .    , ) u -a z    C P   +    82/8TT)     ,

2

,(* +8. , ) , -ai-      C  P     +     82/8Tr)·-       C b     LI  r ' (2.14)

'#6

P (-1    +     G   . , ) 1 -P div (U) , (2.15)
\3t

11AA

 (B/.rm   )   =   -d i v   (U B   /   rm   ) , (2.16)

and

AA            1 3,m, AUdiv (U)=mArcr v)+3-z-' (2.17)
r

where Cb and m are equal to 1 in an axisymmetric case; equal to

0 in a plane case.

We assume that the gas just in front of a strong shock wave

is al ready preionized.  The MHD equations and Maxwell's equa-

tions apply everywhere.  Actually, after a shock reflection from

the end wall, the temperature of plasma is about 10 Kev, and the
ion cyclotron frequency becomes larger than the ion collision fre-

quency. The fluid approximation there is poor.  We shall continue

to use the fluid approximation in this study, but will be aware

of these possible defects.
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-            2.2  The Computing Cells

In order to carry out the computation, the volume con-
6.

taining the fluid is subdivided into a number of cells.  The

cells in the interior region are equal in shape, and we will

call them regular cells·. The cells on the boundaries are ir-
regular in shape, and we will call them irregular cells.  The

computational cells are shown in Fig. 2-1. The location of a

cell is denoted by the indices (i,j).

a
\

r .r X F(j)
,F, 1+1/2

V           A   rj  E    B       ··S ......(i  j) *-sz
1                                               \

D             M            Br             N  
     S   

1 1
r I
0

jo

Z ( i)

Fig. 2-1 The computing cells in (z-r) coordinates

A regular cell (i,j) in plane Cartesian coordinates is a rec-

tangle with dimension az, 6r. In cylindrical coordinates, it

is a rectangular torus with inner and outer radii (r  +0

(j-jo -1)6 r) and (ro + (j-jo) a r) respectively, and width
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6z.  The constants r  and j  are shown in Fig. 2-1.  The reg-

ular cells have the properties shown in Table 2-1.

Table 2-1

Geometrical properties of a regular cell (i,j) in Fig. 2-1

Properties Plane Coordinates Cylindrical Coordinates

Volume (V.) 6 r 6z 2  C ro+(j-j 0
-

1 / 2 ) 6 r ) 6 r 5z
J

Area (SZ.) br 2 TT   (   ro  +   ( .i  -j o   -1/2 )62) 6 r
J

Area (Sr.)              6z                  2n ( ro+ (j-jo - 1/2)6r)6z
J

Area (Sr 6z
j+1/2) 2 n    (    r o   +    (j-jo.)     6.r)    62

Here S  is the area on the right or left side of the cell (i,j)

in z-direction, Sr  is the area on the middle section of the

dell (i,j) in r-direction  Sr  . is the area on the top side ofj+*

the cell (i,j) in r-direction, and V. is the volume of the cell
-1

(i,j).

The cells on the curved wall surface, although irregular,

will not change their shapes because the wall boundary is fixed.

On the other hand, the free boundary moves in space, and the cells

on the free surface will change their sizes and configurations

during the computational cycles.  Since the motion of the free

boundary must be included in the computation, these boundary cells

require special treatment. The details of the resolutions on a

free surface and on a curved rigid wall will be given in Chapter

111.

There are a number of irregular small cells present on a
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vacuum-plasma interface and on a curved wall boundary. These

tiny cells will limit the time increment (6 t ) in the computa-

tion. To avoid this problem, we join them to their adjacent

cells. The combination of a tiny cell and its adjacent cell

makes the resulting cell bigger than a normal cell. The com-

bined cell on a boundary may be in contact with two or three

different neighbor cells on one of its four faces. These boun-

dary cells are irregular in shape, they have different volumes

and widths. They are still regarded as rectangular in shape,

but their volumes are the geometric values of the actual config-

urations.

In Fig. 2-1, the left curve represents the vacuum-plasma in-

terface, and the right curve represents the curved wall bounda-

ry. The cell (B) is in contact with three different cells (C),

(D), and (E) on its left side.  The cell (A) is in contact with

two different cells (F) and (G) on its top side; two cells (S)

and (N) on its bottom side. A cell on a boundary may have two

or three neighbor cells on one of its four faces. In order to

consider all geometric situations, a  cell (i,j) is assumed to

be in contact with eight neighbor cells (i+1, 1+1), (i+1, j ),

(i+1, 1-1), (i, 1+1), (i,j-1), (i-1, 1+1), (i-1, j) and

(i-1, 1-1) as shown in Fig. 2-2.
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(i,j*I)
(i-I, j+I) (i+1'j+1)

n n nZ z z
i-I,j+1 i j+1 i*I,j+1

n                                     n

Ri-1,1+1 Bz ,1 Ri+I, j+1
n     8 rP(i-gj) Ri-1,j I,j  (i,j)  n   RP+1,1 (i+I,j)

V. .
1,1

n                       ·                n

R .                                                - 112 J 2 -1-1,1 1
n n nZ z z
i-I,j-1 i, j-1 i+I,j-1

(i-I, j-I) (i+I, j-1)

(i,}-1)

Fig. 2-2 The center cell (i, j) and its surrounding neighbors.

V
-

m
01

*
K
R.

f
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In Fig. 2-2, the center cell (i,j) has three neighbor

cells  on  each of  its four faces. The volumes and widths and

configurations of all related cells are given on a wall bounda-

ry, or computed on a free boundary so that the geometric rela-

tions between them are known in advance.  Therefore, the con-

Ldililly surfaces of the surrounding neighbor cells on each face
of  the  cell   (i,j) are known. If a surrounding neighbor cell,

s a y     (  i   +   1,     j   +   1  ),     does n o t appear on a surface of the center

cell, its contacting length, say (Rn )  on that sur-i+1, j+1 '
face is set to zero. In case of a normal situation, the cen-

ter cell (i,j) is surrounded by four regular neighbors; the fol-

lowing relations hold for the center cell and its surrounding

neighbors:

n
V i,j        J

V.

6 rn        6 rn          Rn          6 r ,
i,j i+1,j i+1,j

6rn           Rn           ar,
i-l,j i-l,j

6zn 6*n          Zn
i,j i,j+1 i, j +1 6 z ,

n               n
6 z i,j-1 Z.

i,1-1
6 z ,

n                  n
Z           R            0, with s= +1, -1,1+5,   j 1 1 i+1,  j+  t'

and   t'  =  +  1,   -1.

The lengths Rn and Zn. are shown in Fig. 2-2.i+S,j+t' 1+S, i+t'
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2.3  Summary of the Fluid-in-cell (FLIC) Method

-                A version of the FLIC method is summarized here which is

originally designed for time-dependent, one-fluid problems in

plane or axisymmetric compressible flows. Since the system

of equations for transverse MHD flows is reducible to that for

conventional compressible flows, the FLIC method is modified23

to include a magnetic field perpendicular to the flow direc-

tions in magnetohydrodynamics.

The particle-in-cell (PIC) method is a combined Eulerian-13

Lagrangian scheme to solve multifluid problems in time-dependent,

compressible flows.  It utilizes Lagrangian particles in Eulerian

cells to transport mass, momentum, and energy.  The FLIC  method15

is an Eulerian scheme, in which the difference equations are

similar to those used in the PIC method.  However, it employs

a mass transport calculation which eliminates the use of particles.

We describe the axisymmetric case, the plane case being

obvious and simpler.  The basic flow variables to characterize

the state of the plasma in transverse MHD flows are the density P,

the z and  r components of the fluid velocity, u and v, the

magnetic field B, and the specific internal energy I. Other

flow quantities are determined through their related equations

from the given variables. The values of density, magnetic field,

velocities, specific internal energy, and other flow quantities

are given in each computing cell initially.  Then, their values

in each cell are advanced in time using the finite difference

equations.  The FLIC scheme consists of two steps for each cy-

cle:  First, intermediate values are calculated for the velocities
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¥                                                                                                   ...(u,v) and specific internal energy (T) due to the effects

of fluid accelerations driven by the pressure gradients and the

electromagnetic forces.  Second, mass transport effects are

calculated due to the movement of the fluid in each cell.  The

mass and the magnetic flux which flow from a cell (i,j) to a

cell (i+1,j) are directly proportional to the density and mag-

netic field of the donor cell (i,j) respectively.

The mass and magnetic flux flowing across the cell bounda-

ries during the time increment are determined by using the in-

termediate values of th.e fluid velocities ( u and G).  The mass
which has crossed the cell boundaries then carries the momentum

and energy corresponding to the intermediate values of the fluid

velocities (u and G) and the specific internal energy ( T).  The

final values for p, B, u, v, and I are computed by redistributing

the mass, magnetic flux, momentum, and energy jn each cell.

Throughout the steps, there is conservation of mass, momentum

and energy.
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2.4  Finite Difference Equations

Assume that at time t=n 6 t the following values are

specified for a cell (i,j) shown in Fig. 2-2.

n
density: P i,j

n
z-velocity component: Ui')

n
r-velocity component: V.

1,J

specific internal energy: '

i,j

:n

1  . 2   2,n
specific total energy: Eni,j    -I n i,j+  -2-lu    +v   j i,j

nn
magnetic field:

D;,J

n
- volume:

V i,j

widths: 6 r n i,  j         a n d      6 z n i,j

fluid properties of its n
neighbors: etc.

P i +S,j+t' '

s=1, 0, +1; t'=-1,0,+1,
(except s=0 and t'=0)

contacting lengths of its n                 n
neighbors: R 1+1,1+t''   Z i+s, 1+1

s=-1,0,+1 and t'=-1,0,+1

-                The differencing procedures of the FLIC method for the

cell (i,j) in Fig. 2-2 consist of two steps to calculate values

f o r    t  i m e    t  =   (n+1)   6 t.

-           *

Step 1. The intermediate values of u, v, 1 and E due to the
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effects of fluid accelerations are calculated, taking into

account the pressure gradients and the magnetic forces.

-n
U. . = un ,1  - 6t Azi,j ((P*+ q)n;+1/2,1 -(P* + q)ni-1/2,j)

1,J

/ C pni,j fi,j 6z) ,

*.,n                   no-   6 t  A:,   ( (S r (P *      -      P *n     .   )V    =V
i,j      i,J j+1/2 1,J

-5 5-1/2      (P *nB
- P*

n       ) )   /    (2   Vj)

+ C  i, 1+1/2-q i, 1-1/2 )/6 r)/(pni,j fi,j ) -Cb(82)9,l 6t/ (4nr pni,j ) .n

Here, p* =p+ 82/8TT ,

Azo   = 8 rn. . / Ar ,
1,j       I,J

Ar.    .     =   6 zn.    .  /       6 z,
1,J 1,J

f.    = V .  ./ V.
n

1,j      I,J    J '

P*n+1/2,1 = (P*: . + P*n R) /2,1,J

P* -1/2,j    =    (P *ni,1      +    P *nL  )    /    2    ,

+1

P'q      =    (   I         p *n.                      Rn            .         )   /    6 rn.     01+1,1+s  ill,J+s /. 1,J '
L      s=-1

+1
/ =             n

P*T       =     (,            P *n  1 / 6znL.     i+S,j+1  Z i+s,jil / 1,j  ,

B     s=-1

1 -
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where P*n  is the total pressure of the surrounding neighbors

acting on the cell (i,j) on the Y-side, the dummy subscript

(Y - R, L, T, and B) denotes the right (Rl, left (L), top (T),

and bottom (81 side of the cell (i,j\ respectively.  The same

notation applies to all subsequent formulae.

The time-step (6t) is chosen to meet the condition

1
U 1 6t / Min(6zni,j , 6rn. .) 6 .4

1,J

It was introduced for accuracy in the original FLIC method.

The fluid particles in a cell (i,j) will not be allowed to pass

by its adjacent neighbors to farther cells during a computing

cycle. It usually covers the Courant-Friedrichs-Lewy condition

6t (  8  + C') / Min (6zni,j , 6rn. .) 6 1//2
1,J

which is required for numerical stability.  The notation C'

represents the local magnetosonic speed.

Also,
-

Inf,1 - Ini,j - at [Ari,j Ipni,j (Srj+1/2 vni,j+1/2

s r z.n ) + •5 qn        (Sr   rn

1-1/2 v i,j-1/2 i,j+1/2 1+1 v i,j+1

r  -h   \+S j v i,jj - ·5 qni,j-1/2 (Srj-lvni,j-1

+ Srj Vni,j) - vni,j Srj (qni,j+1/2 - qni,j-1/2)1

-       Z Z -n (pn    n+S.A     [UJ    i,j i+1/2,j 1,1 +   i+1/2,j)

-n                                                          n
_ U 1-1/2,1 (Pni,j +   i-1/2,j)
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-                                                                                                                                                              n-U i,j (q i+1/2,1  -q 1-1/2, j ) 1  / (P"i,j fi,j Vj),

fn    .           1              +   (u     +      v   )   .    .     /   2.
-n -2 -2 n

1,1      i,j                 :,1

Here,

-n ,nu            =lu..    +uni   j  )   /2,
i,j        I,J

-n
=  (vn. . +  v: . ) /2, etc.,V

i,j I,J 1,J

-n ,n -n+U. +U
nR   +unR )   /4,U i+1/2,1 = Cu i,j 1,J

u    r  -1/2,3      -      (uni,j      +   uni,j      +   unL     +   rL  )    /4,

v    ni,  j  +1  /2       =       (vni,  j         +     7.        ·         +     v n T       +     vnT         )       /      4,1,J

- -n , n -n
v      i,j -1/2     =    (v i,j      +   v   .     .+vnB     +   vnB)    /4,1,J

The q terms that are artificial viscous pressures are

of the forms.

n        =b  Cn         n         ,n  1+1/2,j 1+1/2,1    i+1/2,1     i,j     RCU - un 

i f K(u +v) <      (  2   )   i+1/2,j      and    i f   un.          >   un
2 2n 2 n

i+1/2,j                              i,j     R '

0 otherwise,

n  i,j+1/2 = b Cni, 1+1/2 pni,j+1/2 (vni,j - vT )

if K(u+v) i, 1+1/2 < ((2)ni,j+1/2 and if vni,j >v T'2     2n

= 0 otherwise,
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n        = b Cn          n        (un    n  i-1/2,1 i-1/2,3   P i-1/2,3  'L-u i,j)

2 2.n 2 n                n
i f K(u +v l c (C )

i.1/2,1
and if u  > un.

' i-1/2,1                        L    1,1 ,

= 0 otherwise,

nn                                n                     n i,j-1/2=bC"i,j-1/2 P i,j-1/2 (vB-vi,j)

if K (u2 + v2)ni,j-1/2 < ((2)ni,j-1/2 and if vB > vni ,j,

= 0 otherwise.

The constants K and b are used to determine the magnitude of
<

the artificial viscous pressure, e.g. K=1, b = 0.5 . The con-

stant (b) for cells on a wall boundary is set to be smaller

than that for cells in an interior fluid region to avoid numeri-

cal viscous heating on a wall surface, say b - (1/3)bwall fluid'

The quantity (C) is chosen to be the local sound speed in an

axisymmetric case or the local magnetosonic speed in a plane

case.

In a coaxial shock tube, the initial bias magnetic field

is inversely proportional to the radius (r). Notice that the

fluid in the tube will not flow radially under the influence of

this field alone, because it is curl-free. The value (C) in

the viscous pressure term must be the local sound speed in this

case.  Otherwise, if one chooses the value (C) to be the local

magnetosonic speed in the shock tube, the viscous pressure

terms will vary with respect to the radius (r).  Thus, they will

result in incorrect solutions to the problems. Meanwhile, the
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2discrete bias magnetic pressure terms .( 0 1/r ) acting on

the inner and outer surfaces of a toroidal cell can induce er-

rors on the radial component of the fluid velocity. To mini-

mize such errors, one can either use fine cells in the radial

direction or set Cb to a value approximately equal to 1, say

[1- (3/4)x(ar/r)2 + (1/4)x(6r/r)4 ] [1- (6r/r)2 1-2,

which is obtained by setting the radial acceleration of the

fluid to zero in the finite difference equation with a constant

initial thermal pressure and a radially varying bias magnetic

2pressure ( - 1/r . ) in the shock tube.
J

Let

X = (p, C, U, U, V, 7 ),

-                then

Knill/2,1 - C Xni,j + XnR ) /2,
L

nX i, 1+1/2 - C Xni,j +XnT ) /2,
B

+1

XnR  "  ( I   Xn.             Rn,+1,1+s itl, j+s+s   / 6rni,j ,
L    s=-1

+1

xnT =      Xni+s,j+1 Z
i +s,J+1     /

- n
  / 6zni,j '

B    s=-1

Where Xn  is the averaged X-quantity over the surrounding neigh-

bors on the Y-side of the cell (i ,j) by the area-weighting me-

thod, the subscript Y denotes the direction of the cell surface.
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Step 2. The final values due to mass transport effects are

calculated.

Let AMR: be the mass flowing across the area
1+1,j+s

(R:     ) between the cell (i,j) and the cell (i+.1,j·+s) dur-Ill, j +s
ing the time iricrement 6t, and AMZn be the mass flowing

i+s,j+1
across the area (Zn ) between the cell (i,j) and the celli+s,j.+1
(i+s,j+1) during the t.ime increment 6t, (with s=-1, 0, +1).

AMRn =R. ) at/(26r),
n            z n /Nn -n

ill,j+s ,+1,1+s S j Pi,j  (ui,j + u i+1,1+s ,

f-n -n 1   >0
if <u.. +u1,J i+1,1+s  J    <  0     '

-

n                           z               n                         /-n               -n                       6 t/ (26 r ),=Rid:1,1+s S j+s P i+1,1+s  (u i, j +u i+1, j+s ,

. .1   ( r. \ -n , <0IT (u i,j +u ill,j+s )  >0'

s = -1, 0, +1

AMZn =  zn                   S r                n
/-n -n+V   6 t/ ( 2 6 z.),i +s, j 11 i+s, j .+1 1 1 1/2     0   i,j      (v i,j i+s,j+1 /

if   vn. . + vn ,   >0
1,J i+s,j+1 / <0'

n                             r                      n -n .-n=Z i+s,jil S j+1/2 0 i+s,j+1 \ i,j i+s,j+1/
(v       + v )6t/(26z),

- -

/-n -n 1<0if<v.   .   +  v1,J i+5,1+1 / >0'

S = -1, 0, +1
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+1               +1

n+1      n      (F                 rp
i,j P i,j   +  (s9-18MRni-1,1+5      se-

1
i+1,j+s

,  AMRn

+1                 +1
=

+    AMZn -     F     AMZni +s,j+1)   / (Vj fi,j  )   0
:+s,j-1s.,-1 st-1

Let H = 8/r  , the differencing equations for H are the same as
those for the density p.

Final values for the velocity.components (u,v) and for the

total energy per unit mass (E) are calculated by conservation of

total momentum and total energy in each cell.

+1
n+1 r. AMRn
Fi,1 (sI- Ri - 1,1+5 ,-1,1+s 1-1,j+s

+1

0 2
T Z                              Fn.             .      .       AMZ n.

L , /+S,j-1 1+s,J-' i+s,j-1S=-1

+1
F            .n            n-  L TRi+1,j+s F i+1,1+s 1+1,J+SAMR.

S=-1

+1
r -n AMZn-  , TZ        F

s=S. 1     i +S, j +1 i+S,j+1 1 +S, j +1

-n /n+  F. . (p i    f.   V.
1,J ,j   I,j  J

+1

+I( 1 - TR. )  8MRn.
1-1,j+S/ 1-1'J+SS =n  1

+1
r.+ (  1   -  TZ.       .   .      AMZn.

s =St 1
,+s,J-' ' 1+S,j-1

+1
r 1 1 AMRn-  ,  (1-T R

53--1 i+1,1+5/ 1 +1, j +S
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+1

-   F    (  1  - TZ 1 8MZn
-                                              s=h 1 C i+s,j+1/ i.5,1,1 )) t

/  n+1  =
C   P    i,j    '  i. ,j   Vj./.

Here,

F = ( u,v,E),

TR. 1    i f   f l u i d   f l ows    i n t o   a   ce 1 1    (i,j )    f rom1+1,J+s
a cell (i+1,-j+s), with s=-1, 0, +1;

0 otherwise.

TZ.1+s,J+1  =  1 if fluid flows into a ·cell (i,j) from

a cell (·i+s,jtl), with s=-1, 0, +1;

= 0 otherwise.

The specific internal energy 1, gas pressure P, sound speed C,

magnetic field B, and total pressure P* are obtained by the

following relations:

n+1 n+1 ,2 2 n+11=E -C u  +v) . . /2,i,j         i,j                I,J

n+1 n+1 n+1
Pi,j  =   CY-1) 0 i,j  li,j ,

n+1 n+1
C       =   (y R I / Cv)2 ,i,j              i,j

n+1 n+1 m .Bi,j  =  Hi,j (r j J ,

p*n+1  = pn+1 2 n+1
i, j       i,j + (B ) i,j / 8n,
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where the constants R and Cv are the gas constant and specific

heat at constant volume respectively.

The most important feature of the present code is that it

allows cells on boundaries to be different shapes and to be in

contact with an arbitrary number of neighbor cells. The varia-

ble cells in the present modification can also be applied to other

methods, say, the PIC method. It is also possible to include

physical transport coefficients in the method by adding them

directly to the finite difference equations.
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Ill.  BOUNDARY CONDITIONS

3.1 Introduction

The finite difference equations developed in Chapter 11

can be applied to cells on a boundary where the boundary va-

lues have been specified.  There are four types of cell bounda-

ries: inflow, outflow, free boundary, and solid wall. In all

cases, boundary conditions are specified by giving the values

of the flow variables in fictitious cells outside the bounda-

ries.

On an inflow boundary, these values are those of the fluid

which flows into the boundary. On an outflow boundary, these

values are equal to those of the adjacent inner cells. On a

free surface, the applied pressure is specified in a vacuum.

On a solid wall, the normal component of the fluid velocity is

equal to that of the wall surface. There are no flows of mass

or energy across a wall boundary or across a non-leaky free sur-

face.  Mathematically, the number of boundary conditions is equal

to the number of the characteristic lines or cones on a boundary

pointing into the fluid region.  Numerically, the number of boun-

dary conditions required is equal to the number of the difference

equations, and is often more than the correct number of mathe-

matical conditions. Care must be used so that these additional

conditions have as little influence as possible. In this chap-

ter, we describe the boundary conditions for the finite differ-

ence equations when they are applied to cells on a free boundary
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or on a curved wall.

In Fig. 2-1, the left curve represents a free boundary

which separates the vacuum and fluid regions; the right curve

represents a wall boundary which is fixed in space.  The cells

(A) and (C) are the surface cells on the wall and on the free

boundary respectively.  The cell (E) is empty in the vacuum, and

the cell (F) is fictitious outside the wall boundary.  The cells

(M) and (N) are regular cells in the interior region.  When the

finite difference equations are applied to the surface cells on

the boundaries, special treatment is requi red,  which we de-

tail below.

3.2  On a Vacuum-plasma Interface

As the free surface moves into a normal cell, that cell be-

comes a surface cell with a changing volume. Its cell edge in

contact with the vacuum will coincide with the free surface. The

free surface moves with the same velocity as the mass in the sur-

face cell, and is a Lagrangian contour moving in the Eulerian

mesh. This Lagrangian contour gives a good resolution of the

movable vacuum-plasma interface if the contour does not become

seiously distorted.  Apparently, the surface cells on the free

boundary will change their shapes, volumes, and widths when the

Lagrangian contour moves into or out of them.

The finite difference equations for the center cell (i,j)

in Fig. 2-2 need the following modifications when the cell (i,j)

is a surface cell on the free boundary.  The total pressure P*
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of an empty neighbor cell of the cell (i,j) is the applied

magnetic pressure in the vacuum.  Other flow·variables in emp-

ty neighbor cells are set equal to those of the adjacent sur-

face cell (i,j).  We give a simple example as follows:

i) 'One of the surrounding neighbors of the cell(i,j) is empty,

nsay the cell (i-1,j) in Fig. 2-2, i.e. P i-1,j = 0.
Then,

P*      =    (Pv *ni-1,j   Rni-1,1    + P*ni-1,1+1 Rni-1,1+1    +P* 1-1,j-1 Rni-1,3-1    

/6 rni,j  '

n                                       +X i-l,j-1  R i-l,j-1 )X  L              (Kni, j     R
n

.    +Xn                        
  n                             

    n                           
   n

.i-l,J i-1,1+1  R  i-1,1+1

.  .                    /6 rni,j  ,

-

with X= (p   I   u   u   v   v)

AMRE'i 0 , etc.,-1'j

whe re   P *n. is the applied magnetic pressure in the
V  1-1,j

empty cell (i-l,j) at the time (n6t), and the underlined

terms indicate the modification made in the usual scheme.

The values of the flow variables assigned to the empty

cells do not correspond to real physical properties. It means

that the flow variables on the free boundary are those of the

local surface cells.  For a non-leaky free surface, there are



29

no flows of mass and magnetic flux across a cell boundary

between a surface cell and an empty cell.  In the computations,

because of the local Lagrangian treatment, the plasma and va-

cuum regions do not mix. An empty cell in a vacuum is denoted

by a zero-density; a cell in the plasma region is denoted by

a positive density. The Lagrangian contour is invented for

such problems with a vacuum-plasma interface which is treated

as non-diffusive.

The contour on the free boundary is represented by a num-

ber of vertical and horizontal segments in z and r directions

respectively; it may become zigzag in shape as shown in Fig. 3-1.

Fig.  3- 1 The vacuum-plasma interface in a zigzag.·

First, let the vertical segments move with the z-component of

the fluid velocity (u) in each surface cell in the axial direc-

tion; second, let the horizontal segments move with the r-com-

ponent of the fluid velocity (v) in each surface cell in the

radial direction.  At the end of each cycle, the new values of

n+1 n+1 n+1
the cell volume (V i,j), and widths (6z i,1 and 6r i,j) of a

.
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surface cell (i,j) on the free surface are reevaluated af-

ter the movements of the cell boundaries on the Lagrangian

contour. The procedures are as follows:

n+11)   Calculate the new width  (6z  .  .) of a surface cell  (i,j )
1,J

due to the movements of the vertical segments along the

axial direction.

n+1i) Set 6z i,j =

6zni,1 unconditionally;

n+1 n+1 -  n+1
ii) set 6z . . =  6z

1,J i,j + u i,1 Ot ,

if the left (-sign) or right (+sign) boundary of the

surface cell (i,j) is entirely in contact with the va-

cuum, or if the left or right boundary is in contact
n+1

only partially with the vacuum, but the width (6z i,j)

has been changed after the movements of the vertical

segments.

n+12)  Calculate the new volume (V i,j) of the surface cell (i,j)
due to the axial movements of the vertical segments.

i) Set Vn+1 j = Vni,j unconditionally;

n+1 n+1   -  ArL 1 un+1ii) set V. .  = V . . ( 2 TTr . ) 6 t ,
1,J i,j  +  ArR I 1,J j

where ArL and ArR are the total lengths of the verti-

cal segments on the left ( - sign) and right (+ sign)

boundaries of the surface cell (i,j) in contact with

the vacuum respectively. They are computed in advance

from the previous geometrical configuration of the

free boundary.
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n+13) Calculate the final volume (V i,j) of the surface cell
(i,j) due to the radial movements of the horizontal seg-

ments.

n+1 n+1  - AzB 1 vn+1i)  Set V ..  = V . . (2TTr.) at ,
1,J i,j + Az T i 1,J      J

where AzB and AzT are the total lengths of the hori-

zontal segments on the bottom (- sign) and top (+ sign)

boundaries of the cell (i,j) in contact with the va-

cuum respectively. They are calculated from the geo-

metrical configuration of the free boundary after the

movements of the vertical segments.

n+14)  Calculate the new width (6r i,j) of the surface cell (i,j)
due to the movements of the horizontal segments along the

radial direclion.

n+1i) Set 6r i,j =

6 r ni, 3
unconditionally;

n+1 n+1 -  n+1
ii) set 6r . .  =  6r              6t ,

1,J i,j + v i,j

if the bottom (- sign) or top (+ sign) boundary of the

surface cell (i,j) is entirely in contact with the va-

cuum after the movements of the vertical segments in

all surface cells, or if the bottom or top boundary is

in contact only partially with the vacuum after the

movements of the vertical segments in all surface cells,

n+1
but the width (6r i,j) has been changed after the move-

ments of the horizontal segments.

When the new value of the volume of the surface cell (i,j)
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n+1 n+1 .
is computed, the density (P i,j) and magnetic field (B i,j)

in that cell have to be reevaluated according to the continuity

equations in Lagrangian form.

n+1 n+1
Vn

n+1
/ VP

i,j P i,j i,j i,j   ,

n+1 n+1 n n+1B             B       V       /V
i,j        i,j i,j i,j

When the free surface moves into a surface cell, the vol-

ume of that cell is decreasing. To get rid of a tiny surface

cell (i,j) on the Lagrangian contour, we combine it with an ad-

jacent inner cell when its volume is smaller than a half of the
n+1

regular volume, i.e. V. . < V./2. When the free surface
1,J       J

moves out of a surface cell, the volume of that cell is increas-

ing. In order to keep the accuracy, the big surface cell will

n+1
be divided into two cells when its volume (V i,j) is larger than

1.4 V..j
A combination of two cells and a division of the large

cell will be called "cell-mixing". The combination of two cells,

and the division of a cell into two cells follow the conservation

laws of total mass, mornentum, and energy. The cell-mixing pro-
cess is also an effective way to produce an artificial viscosity

on the free surface, which helps numerical stability; it natural-

ly will smooth the fluid properties in the mixed region.  The

internal energies of the mixed cells increase at the expanse of

the kinetic energies. On the vacuum-plasma interface, there are

no viscous pressure terms between a surface cell and an empty
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-        cell because the differences of the velocity components be-

tween them are zero. The cell-mixing process is taken to

produce the same effect of the artificial viscous pressure.

Since it may produce extra viscous heating, it is used on the

free surface to stabilize the flow only. One can also control

the use of the "cell-mixing" in the computations so that there

will be no extreme viscous heating on the free boundary.

The procedures of the cell-mixing are described as follows:

i, j+I    Br i, j+I    Br
Bz                          Bz

1 i, j L--:---
- , +1,  j             Vj                                L_.      i,i,j            vj

Before After                                 '

Fig. 3-2.  The sample cells for cell-mixing

n+1
1)  Combine the cell (i,j) with the cell (i,j+1) if V i,j  <

n+1
V1 / 2 and 6 r i,j  <  ·54 6 r:

n+1 n+1 n+1 n+1 n+1 (new mass of theM i,j+1 p i,j+1 i,1+1        i,j     i,j,  combined cell 10-
V          +p       V

cated at (i,j+1))

Similarly,

n+1 un+1 n+1 n+1 n+1 n+1 n+1 n+1
V         u         +p      V      u.M i,j+1 - i,j+1 P i,j+1 i,j+1 i,j+1 i,j    i,j    ,,j ,

*n+1 n+1 n+1 n+1 n+1 n+1 n+1 n+1V         VM i,j+1 v i,j+1 P i,j+1 i,j+1 i,j+1   +  P  i,j  V  i,j  V  i,j  ,
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n+1 n+1 n+1 „n+1 n+1 n+1 n+1 n+1M i,j+1 E i,j+1 = P i,j+1 V i,j+1 E i,j+1 + 0 i,j V i,j E i,j '
n+1 n+1 n+1 n+1 n+1 n+1 n+1H i,j+1 = (H i,j+1 V i,j+1 + H i,j V i,j) / (V +V .)i, j +1 i,J   '

n+1 n+1 n+1 n+1
p      i, j +1        =      Mi,j +1 i,j+1 i,J

/ (V +V .).

n+1 n+1 n+1V i,1+1 - V i,j+1 + V i,j ,
n+1 n+16 z          6z- i,j+1 i,1+1 '

n+1 n+1 n+16r / (2TTr 6 z      )- i,j+1 V
i,1+1 j+1 -   i ,j+1   '

where the underline denotes a quantity in the combined cell
(i,j+1).

n+1   · -2)   Divide the combined cell (i,j+1) into two cells if V i,j+1 -
1.4V and 6r 5 1.5 6 r.

n+1
j+1 - i,j+1

Let  X= (p,u,v,E,H) , then

n+1 n+1
X i,j              X   i,j+1    '

n+1 n+1
X i,1+1 X   i,j+1    '

n+1 n+1 n+1
V i, j    V i, 1+1  -  2Trrl+1&z i,j+1 br ,

n+1 n+1
6r =  6r

i,j         i,j  '

n+1 n+1 n+1
6z =V. . / (2·rrr. dr . . ) .i, j          I , J           J       I, J
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n+1 n+1
V i,1+1 2=rj +1   tz   i,j+1   6 f'

n+1 n+16 z       =  6z
i, j +1 -     i,j+1     '

n+1
6r =  6 r .

i,j+1

The cell (i,j) will be combined with the cell (i+1,j) if
n+1 n+1
V i,j < Vj / 2 and 6z i,j < .54 6z, and the combined cell (i+i,j)

will be divided into two cells if V > 1.4 V. and 6z       >n+1 n+1
- 1+1,1         1     -  iti,j

1.56z. The formulae used in this case are similar to those in

the previous case.

An additional exact condition is still needed to control

the cell-mixing process so as not to produce· numerical over-

heating on the free surface, but to insure the stability of the

flow. Because the moving boundary changes its configuration

during the computational cycles, the computer program for con-

sidering all the geometrical situations becomes very complicated.

It simplifies the computer programming if the cells are made rec-

tangular after cell-mixing.  Any serious distortion of the free

boundary will yield inaccurate solutions on the Lagrangian con-

tour.  Further improvements are still required for more accurate

solutions on the moving vacuum-plasma interface.
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3.3  On a Curved Rigid Wall

When the geometry of the wall shape is given, the wall

boundary can be located in the computational zone.  The cells

on the wall surface have different shapes with the boundaries of

the surface cells following the wall curve.  In Fig. 3-3, the

cell (S) is a syrface cell on the wall boundary, which may in-

clude a regular cell and a smaller irregular cell.  The cell

(F) is a fictitious boundary cell. The procedures for treating

the surface cells and creating the fictitious cells on a curved

wall boundary are given below:

0000004 F
-00

F ,  tv'l

S                             ,4,
\ 8 ,«upP

\Y '
'Q 1 ,='\
Q   z- UQ      \           F

\\ F

\

Fig. 3-3   Sur face cells and fictitious cells on a curved wall.

:
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1)  A   surface cell smaller than one half of the regular

cell at the same radius is adjoined to an adjacent in-

ner cell, making the resulting cell to be a surface cell.

2)  Calculate its volume and widths with the wall boundary to

be a part of its boundaries. But the shape of that sur-

face cell is still regarded as a rectangle with a part

outside the boundary as shown in Fig. 3-3.

3)    Locate a fictitious  cell adj acent  to that surface  cell,
and make its shape equal to that of the adjacent surface

cell in a rectangle.

The values of the flow variables for the fictitious cell

are determined as follows:

1)  Find the position of the center (P) of the fictitious cell

as shown in Fig. 3-3.

2)  Determine the position of its mirror image (Q) by reflec-

tion with respect to the tangent of the wall curve.

3)  The values of the flow varjables at the image (Q) are ob-

tained by the area-weighting method from its surrounding

cells.

4)  The values of the flow variables at the center (P) of the

fictitious cell are obtained by reflection from its image

values at the point (Q).

5)  The magnetic field at the point (P) is obtained by a special

treatment, i.e., Bp = B  r- /.rp in
an axisymmetric case;

Bp = BQ in a plane case.
6)  There is no mass transport across the wall boundary.  The
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mass and magnetic flux flowing, across a cell boundary be-

tween a surface cell and a fictitious cell must be set to

zero.

The reflection procedure for the flow variables of the

fictitious cell is as follows:

P P             PQ    ,

11P   Q,

Up  E  UQ COS(20) - vQ sin(20) ,

Vp  = -UQ Sin(20) - vQ cos(20) ,

-

Up  =  UQ COS(28) - vQ sin(28) ,

- - -

vp  = .UQ Sin(28) - VQ cos(20) ,

where the angle e is shown in Fig. 3-3.

I n   th i s   way,   the   f l o w va r i a b l e s   (   p   ,   u   ,   v   ,    1   )    i n   the

fictitious cell are obtained by reflection with respect to the

tangent of the wall profile. The fluid velocity on the wall

will be parallel to the wall surface and extended without change

into the fictitious cell. The special treatment on the magnetic

field is designed so that the total pressure (P*) of the fluid

near the wall will be balanced by that of the fictitious cell.

In addition, we insure that there will be no mass transport

between a surface cell and a fictitious cell.

The above procedures can be applied to both axisymmetric
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flows and plane flows.  Since the cells on the wall surface are

irregular in shape, we call the method an "irregular shape"

approximation. The reflective boundary conditions suggested in

this section make the code powerful enough to solve problems

with arbitrary smooth wall boundaries. The accuracy of the code

remains high on a curved wall boui,Jcir·y.
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IV. INCIDENT SHOCK WAVES

4.1 General Description

In the past, shock waves in coaxial shock tubes have

been simpl.ified as a one-dimensional propagationS,6.  It is

obvious that the plasma flow in the coaxial shock tube is

two-dimensional because the drive field is a function of the

radial position. In this section, we apply the FLIC MHD code

to study the formation and shape of the shock wave in the

two-dimensional (r-z) plane. In addition, this incident shock

wave and the knowledge of its properties are needed before

we study shock focusing and reflection from a curved end.wall.

The schematic view of the coaxial electromagnetic shock

tube is shown in Fig. 4-1.  First of all, a bias current is

built up in the central rod of the inner conductor to set up

an azimuthal bias field.  When the capacitor banks are dis-

charged, a current sheet will form in the space between the

concentric electrodes to ionize the working gas in the tube.

This drive current sheet and magnetic field interact and pro-

duce electromagnetic forces acting on the plasma.  The magne-

tic pressure serves as a magnetic piston to push the plasma

down the tube. The positive pressure disturbance in the plas-

ma.will eventually steepen into a shock front. Since the bias

field is azimuthal, a transverse MHD shock wave will be formed

when the plasma is compressed by a sufficiently strong applied

pressure.
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The numerical code with the Lagrangian free boundary

is now applied to this problem.  When the drive current sheet

is formed in the plasma, the drive magnetic field is built

up in the vacuum. The corresponding magnetic pressure in the

vacuum is then used in the finite difference equations as the

boundary value on the free su;face. We prescribe the drive

current as an arbitrary function of time.  We first show how

shock waves will be formed by constant and time increasing

sinusoidal drive currents. Since there is no physical dissi-

pation in the basic equations, numerical viscous pressure terms

are included in the code to permit the computation of shock

transition.

For each case of shock formation or reflection studied,

the computer results will be shown on SC4060 plottings, in which

there are three planes on each page (see Fig. 4-2).  In each

plane, the upper and lower grid lines are the outer wall and

inner conductor of the shock tube respectively. The tick marks

on the upper grid line denote the sizes and locations of regu-

lar computing cells. The left blank region is the vacuum; the

shadow region contains the plasma. The curves in the first

plane are the constant temperature contours, their values are

indicated by integers listed above the plane.  The density is

represented by the shading points in the second plane. The

darker the region is, the higher the density. The velocity

I and its direction in each cell is represented by a segment vec-

tor in the third plane. The details of the flow and the shock

wave in the tube can be clearly seen from tbese planes on the
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plottings at different times. In the shock transition, a

number of temperature contours are present because there is

a large gradient of the temperature.

In addition, we also show the profiles of magnetic field
8(z), temperature T(z) and density p(z) at several different

radii.  This is to facilitate comparison with experiments.

.
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4.2  Constant Drive Current

In this section, the drive current in the shock tube is

assumed to be a step function. The initial conditions and

other required information of the tube are given. in Table 4.1.

The results on shock formation by a constant driver are pre-

sented in Fig. 4-2. Because ot the radial effect of the drive

magnetic field, the applied magnetic pressure in the tube is

inversely proportional to the square of the radius (r).  The

plasma near the inner conductor will be driven by a larger

current to move faster than that near the outer wall. There-

fore, the shock wave has a slope (in this case, about 120')

with respect to the axial axis during the early stages of for-

mation.  Also, the drive current sheet on the vacuum boundary

becomes inclined automatically, a radially outward force thus

acts on the plasma to move it toward the outer wall. As long

as the plasma behind the shock wave moves to the outer wall

region continuously, compression heating occurs in the plasma

in that area.

The total pressure (P* = P+82 / 8rr) of the plasma there

becomes the highest. The increase of magnetic pressure is

due to the frozen-in field moving together with the plasma;

the increase of thermal pressure is due to compression heating

on the outer wall.  This high total pressure has two essential

effects on the plasma motion and on the shock wave.  First, it

strengthens the shock wave near the outer wall so that the

shock slope diminishes. Thus, a nearly planar shock wave will

always be formed by the radially varying drive magnetic field,
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provided the tube is long enough.  Secondly, it slows down the

axial motion of the plasma in the outer region behind the

shock wave.  The tail part of the plasma near the ooter wall

increases in length as the motion goes on.  When the shock

wave approaches a quasi-steady state, it makes an angle of a-

bout 110U with the axial axis, but the vacuum-plasma interface

continuously increases its slope with respect to the axial axis.

The inclined shock wave on the outer wall will thus be reflected.

The sequence of the shock motion, flow direction of the

plasma, temperature contours, and the density distributions in

the shock tube are shown in Fig. 4-2. The shock speed is about

125 cm/ Usec, the Mach number is 867, and the corresponding

Alfven Mach number at the mean radius is 4.63. At the mean ra-

dius, just behind the shock wave, the density of the plasma is

about 1.8 x 10-8 gram/cm3, the magnetic field is about 28 kilo-

Gauss (KG), the temperature is about 3.8 Kev, and B is O.9.

The magnetic field, density, and temperature are also plot-

ted with respect to axial positions at several different radii

in Fig. 4-3.  The humps on the curves (d) again show the effect

of the compression on the outer wall. The flow conditions be-

hind the shock wave are not uniform radially or axially.

Fig. 4-4 shows the density distribution in the coaxial

shock tube which was obtained by B. Marder using the GAP code.28

There is good qualitative agreement with our results.
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Table 4-1

Initial conditions and other required information·of the

shock tube

Working gas hydrogen

-O       3
Density .5344 x 10 gram/cm

2
Pressure 66.65 dynes/cm

Temperature 300  K

Axial component of velocity 0  cm/sec

Radial component of velocity 0  cm/sec

10
1 Specific internal energy 1.87 x 10 ergs/gram

Specific heat ratio                 5/3

Gas constant 4.157 x 107 ergs/ K

Inner radius (ri) 6.25 cm

Outer radius (ro) 11.25 cm

Mean radius (r )                     (r.r ) m                         l o

Cell width (6r = 6z) 0.25 cm

Tube length 32 cm

Bias magnetic field 7000  rm /
r Gauss

Drive magnetic field 4.8 x 7000 rm/
r Gauss
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4.3  Sinusoidal Drive Current

The drive current in the shock tube experiment is a

sinusoidal function of time, this is a result of the LC cir-

cuit.  For more realistic simulation and comparison with the

experimental measurements, we therefore use the experimental

data in Table 4-2 for the computation.  Because the shock

tube is 180 cm long, we use coa rser cells (0.5 cm) in order

to save computing time and core storages. The period of the

sine function is 16 micro-seconds, the total time of the cal-

culation is about 4 micro-seconds, at which time the drive

current reaches maximum. The shock wave arrives at the end

of the shock tube at 3.55 micro-seconds; but if the reflection

of the shock wave is considered, the total time duration is

5 micro-seconds in our calculation.

The maximum amplitude (958.5 KA) of the sinusoidal current

is smaller than the magnitude of the constant driver (1140 KA)

in the previous section. Of course, the drive magnetic pressure

induced by this current is smaller than that induced by the

constant driver, and it will thus take a longer time to generate

a shock wave. The fluid particles, and the shock wave will

move more slowly under the influence   of the sinusoidal driver

than under the constant driver.

When the applied magnetic pressure in the vacuum is not

high ·enough to produce a shock wave in the plasma, a compres-

sion wave will propagate down the tube and out toward the outer

wall.  The shock wave will be formed when the drive magnetic

t
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pressure reaches a certain value.at a critical moment of

time. The mechanism for shock formation under the sinusoidal

driver is the same as that under the constant driver.  But,

the shock will increase in strength with the increase of the

drive current in time.  The fluid particles will also increase

their velocities.  These are shown in Table 4-3, in which the

post-shock temperatures are measured at a radius of 8.5 cm.

The temperature (2.4 Kev) of the deuterium plasma measured

at 3.32 micro-seconds with the sinusoidal drive current

(924.6 KA) is lower than the temperature (3.8 Kev) of the hy-

drogen plasma with the constant driver (1140 KA) in the pre-

vious section.  However, the change of the drive current with

respect to time will be small enough when it is near the maxi-

mum amplitude. The flow conditions of the shock wave will not

be much different from those in the case of a constant driver

with the same magnitude.

Fig. 4-5 shows the magnetic field, density and temperature

plotted with respect to axial position at three differeht ra-

dii in the tube after 3.32 micro-seconds.  At a radius of 8.5 cm,

the flow conditions behind the shock wave are almost uniform.

The hump in the curve (c) of the magnetic field indicates the

compression of the plasma on the outer wall.

Fig. 4-6 shows the time trace of the magnetic field measured

at a fixed station of 100 cm with a radius of 10 cm in the tube.

It agrees with the upper trace (a) in Fig. 4-7, which was ob-

tained in our shock tube experiment.
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Table 4-2

Initial conditions in a coaxial shock tube of 180 cm

Working gas deuterium

Density 1.0688 x 10-8 gram/cm3

Temperature 300  K

Pressure 66.65 dynes/cm2

Bias magnetic field 60,000/r Gauss

Drive magnetic field (300 + 958.5 sin (2Trt x 106/16))

x 200/r Gauss

Inner radius 6.25 cm

Outer radius 11.25 cm

Cell width (6z=6r) 0.5 cm
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Table 4-3

The relation between shock speed and drive curreht (deuteritim
plasma)

Drive Current
Time (t) Shock Speed Post-shock

(958.5 sin (2 r t 106/16)) temp·.

1.20 usec 435.1 KA 43 cm/usec 0.08 x 10  K7O

1.56 550.7 53 0.37

1.86 639·7 59.8 0.68

2.14 713.2 64.0 1.00

2.39 774,2 67.3 1.50

2.64 824.9 72.5 1.76

2.87 866.3 73.5 2.00

3.10 899.4 77.3 2.20

3.32 924.6 78.2 2.40

r
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Fig. 4-6 The trace of the magnetic field measured at a fixed station
(100 cm) witharadius of IOcm .
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V.  SHOCK REFLECTION AND CONVERGENCE

5.1 Flat End Wall

5.1.1  Constant Driver

To reflect a shock wave in the simplest way, we locate

a flat end wall in the shock tube. The shock wave in Section

4.2, with a constant drive current of 1140 KA, is employed to

study its reflection from the end wall. The fluid particles

behind the shock wave travel  in the range of 110 cm/gsec, the

incident shock speed is about 125 cm/kisec.  Other flow condi-

tions of the incident shock wave are given in Section 4.2.

Fig. 5-1 shows the sequence of the shock wave moving down

the tube and reflecting from the flat end wall, which is at

the right end. At cycle=651, the shock wave arrives at the

end wall. At cycle=701, the shock wave just reflects off the

wall surface. After shock reflection, the plasma near the out-

er wall again remains the hottest with the temperature 14.5 x

7 0                   -810   K, density 5.1 x 10   gram/cm3, and magnetic field 5.3 x

410 Gauss. At cycle=801, the reflected shock wave travels

downstream, and the hot plasma expands into the vacuum near the

inner conductor-o

Fig. 5-2 shows the traces of the magnetic field, density

and temperature with respect to time at a fixed station, which

is 5 cm in front of the flat end wall with a radius of 9.375 cm.

The first jump in the trace of the magnetic field indicates

the arrival of the incident shock wave at the fixed station; the
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second jump shows the return of the reflected shock wave.

The total pressure (P* = 2.4 x 108 dynes/cm2) in the hot plas-

ma after shock reflection is much higher than the applied mag-

netic pressure (0.4 x 108 dynes/cm2 at the mean radius) in the

vacuum so that the reflected shock and particles are accelerated

to expand into the vacuum quickly. The magnetic field, density

and temperature decrease after the reflected shock wave moves

away from the fixed station.

The relation between the incoming shock and the reflected

shock along a radius of 9.375 cm in the tube is also demon-

strated by the plots of the magnetic field, density  and tem-

perature with respect to axial position at different times in

Fig. 5-3. The flat end wall is located at 32.5 cm.  There are

small numerical oscillations in the density and magnetic field

just behind the reflected shock wave. The reflected shock

speed is about 100 cm/wsec, slower than the incident shock

speed of 125 cm/usec.

-                                                                                                                                                     1
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Fig. 5-2 The traces of the temperature, magnetic field and density
with respect time at the f ixed station (P) located at 5 cm

                                                in front of the.flat end wall with the radius equal to.9.375 cm .
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5.1.2 Sinusoidal Driver

The shock wave in Section 4.3 at 3.32 micro-seconds is

utilized so that we can compare its reflection from a flat

end wall with experimental measurements. The flow conditions

of the incident shock wave are given in Section 4.3. The

shock wave runs down the tube with a speed of about 78.2 cm/wsec.

Owing to the slope of the incident shock wave, the im-

pact of the shock wave on the outer corner of the end wall pro-

duces a hot plasma with a temperature of about 7.8 Kev. Al-

though the plasma in the tube may flow two-dimensionally, the

reflected shock wave travels downstream almost like a simple

one-dimensional reflection.

Fig. 5-4 shows the plots of the temperature, magnetic

field, and density with respect to axial position in front of

the flat end wall, which is at 180 cm, at a radius of 9 cm.

The jumps of the temperature, magnetic field, and density be-

tween the reflected shock wave are from 2 Kev, 22 KG, and 2.6 x

108 gram/cm3 to 5 Kev, 34 KG, and 4.6 x 108 gram/cm3 respective-

ly. The reflected shock speed is about 79 cm/wsec  at a ra-

dius of 9 cm, slightly greater than the incident shock speed

78.2 cm/Wsec. The incoming shock wave is in front of the flat

end wa 11 at 3.538 usec.  At 3.644 Usec, the shock wave reflects

from the end wall and travels downstream. The motion of the

shock wave and the plasma expansion are similar to those in

the case of constant driver respectively.

Fig. 5-5 shows the time trace of the computed magnetic

L
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field at a fixed position of 175 cm with a radius of 9 cm

in the shock tube.  Qualitatively, it agrees with the experi-

mental measurement in Fig. 5-6.  The quantitative comparison

between them is given below.

Magnetic Field (KG)

bias post-shock maximum after reflection

computed (Fig. 5-5) 6.6       24               36.8

experimental (Fig. 5-6) 6.6 19.8 42.9

\-
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Tube length : 180 cm
Incoming shock speed ; 78 cm/micro-sec
End waH: flat

Magnetic probe : located at the position P
Other flow variables:
Time T  (° K) p(gram/cm 3)

A 600 .10688 x 10 7

8     2.59*107 .3036 x 10-7
C    5.04, 107 .5194 x 10-7
0   3.89*107 .323 x 107
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Fig. 5-5 The magnetic field vs. time measured at the position P .
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5.2 Semi-circular End Wall

In order to achieve better plasma heating by shock conver-

gence and reflection, we consider a curved end wall instead of

a flat end wall. From a practical point of view, it would be

advantageous to use a semi-circular end wall instead of other

curves, since it is easiest to manufacture. The same shock

wave in Section 5.1.1 is again employed, so that we may study

its convergence and reflection from sLIch a semi-circular end
wall, and compare the results with those of the flat end wall.

Fig. 5-7 shows the sequence of the shock flow in the tube

with the wall profile at the right end. When the shock wave

moves along the circular wall surface, it is strengthened near

the side wall surfaces. The shock wave does not fully con-

verge when it arrives at the end of the tube. Because the in-

cident shock wave has a slope greater than 90' with respect

to the axial axis, the converged and reflected shock position

is at a radius of 9.375 cm near the end wall surface.

At cycle = 701, the shock wave reflects off the wall sur-

face. The plasma in front of the reflected shock still moves

toward the focused position, but the hot plasma behind the re-

flected shock wave moves in the opposite direction.  The reflect-

ed shock wave is approximately circular in shape in the focused

region. Later on, its shape becomes flat when it reflects to

the straight part of the tube. The maximum value of the tempera-

ture at the focused position is about 16.7 Kev, and the corres-

-8       3ponding density and magnetic field are 5.36 x 10 gram/cm
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4
and 6.8 x 10  Gauss respectively. This temperature is only

-            slightly higher than the 14.5 Kev obtained by flat wall re-

flection.  Thus, the semi-circular end wall is not a very

effective shape for plasma heating. (We shall see later that

in plane geometry, it is actually more effective).

From the dynamical point of view, the plasma in a high

pressure region will be driven to a lower pressure region.

At cycle=751, the reflected shock wave travels downstream, and
the hot plasma expands into the vacuum near the inner conductor.

The temperature contours indicate that there are recompressions

on the side walls when the reflected shock wave reaches the

straight part of the shock tube.

Fig. 5-8 shows the reflection of the shock wave from the

semi-circular wall with flow variables plotted versus the

axial position in front of the end wall, at a radius of 9.375 cm

in the shock tube. The curve (a) of the temperature shows the

incident shock wave; the curve (b) shows the reflection of the

converged shock wave; and the curve (c) shows the reflected shock

wave .travelling downstream.  When the hot plasma expands into

the vacuum and the reflected shock wave moves away from the

focused region, the magnetic field, density and temperature

there decrease quickly.

Since the semi-circular end wall is not a good shape for

plasma heating, in the next chapter, we shall find a wall

shape which is more successful in converging shock waves using

Whitham's shock-ray approximation.
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VI. SHOCK-RAY APPROXIMATION IN TRANSVERSE MHD FLOWS

In order to select a wall profile and to determine the

location for shock focusing and reflection from a curved

end wall in the coaxial shock tube, Whitham's shock- ray ap-

proximation is reviewed and extended to plane transverse MHD

flows. The system of equations in a two-dimensional trans-

verse MHD flow is reducible to the case of a conventional

23two-dimensional unsteady fluid flow .
Therefore, we can ap-

20
ply Whitham's formulations and Lau's shaping method to de-

sign the end wall of the shock tube for shock convergence in

transverse MHD flows.

According to the theory of sound, a wave front carrying

a disturbance from a surface of arbitrary shape moves with

the local speed of sound along the rays which are normal to

the surface.  Rays are orthogonal trajectories of successive

positions of the wave front. They may be considered as car-

rying the discontinuities. Similarly, the particles immediate-

ly behind a shock wave move perpendicularly to the shock front,

i.e. along the ray directions. In particular, a wall profile

is a ray.
24

Whitham extended the theory of geometrical acoustics to

17·18
the shock-ray approximation - by constructing shock-ray co-

ordinates in the Cartesian space and by formulating the kine-

matic relations.  He made the assumption that the shock Mach

number and the area between ray tubes were functionally related.

A smoothly converging wall will increase the shock Mach number
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and generate a geometrical wave. along the shock surface. For

a properly shaped wall, focusing of the shock into a small re-

gion will occur.

We now extend this approximation to the transverse MHD

flows. Let the shock position be defined by the curves o =

const and the rays by B = const, with 0(x,y,z) = C t. C is
0 0

the local magnetosonic speed in front of the shock wave. The

a- 8 curves in two-dimensional axisymmetric (r-z) coordinates

are shown in Fig. 6-1. O*

'29

r .24

f  4
p

B = const
1l

a = const

shock

Z

Fig.6-1 Orthogonal shock-ray curves.

18Using Whitham's formulations , the following kinematic

relations can be obtained for transverse MHD shock flows in

axisymmetric geometry.

Ctz           cos cr/ M*  ,     a            s i n 4/ M* , (6.1)r

1   sin V
)

3  (cos Or 1 (6.2)AZ M* Ar , M*
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B    ( r cos cp\ 3 /r s i n c p) (6.3)FF   \       A        )   +  -EF   \        A / 0,

where the subscripts denote derivatives, M* is the magnetosonic

Mach number and A is the area between ray tubes.  cp is the angle

between a ray and the z-axis as shown in Fig, 6-1.  Thp follow.

ing derivation of the dynamical equation, A=A(M*), is simi.lar
25to Whitham's work

In a transverse MHD flow, the equations of motion in a non-

uniform tube are

u dA(z) ,
(6.4)Pt  +   uPz   + P (uz + A   dz ' 0,

1 -
U + UU  + - P:: = 0, (6.5)t          z        pz

Pl: + upt  - (2 (pt + upz) 0 , (6.6)

B-     const , (6.7)
P

2
n.,-                             Br" = P + - (6.8)

M Tr '

2     BP*
C                                               (6.9)ap '

where C is the magnetosonic speed, C2 = a2 + b'2 , with a being

the sound speed and b'(=B    being the Alfven speed.  The pressure
\/4np)

term due to the area change does not appear in Eq. (6.5) be-

cause it can be neglected in a smoothly converging tube.

The characteristic form in (z - t) plane is
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P*                 u        ·     2

( ,4 + P" " +  PC ( uic + uz) +   t+ )A ddA z)  = 0,  (6.10)Z /  -

P*

(ut+P*'1-(2(ft+P'1=0. (6.11)Z/          U      Z/

The equations (6.10) and (6.11) can be rewritten as follows:

2
p C u dA                    dzdp* + pCdu + U+ C  T  = u on C+ : 3-E U + C, (6.12)

dP* - pCdu +               0     on C U - C, (6.13)
PC2u  dA                    dz
u-C T . : 3-E

2                                                                 dz
dP* - C  dp =  0          on P : HE :=     U . (6.14)

The transverse MHD shock jump conditions with an infinite shock

strength (M* w - ) are

P*    p'6 + po ci M*2 Y  1 , (6.15)

         Poy-1 ' (6.16)
Y+1

U     M* 2 
CO

"  9+1 , (6.17)

C     Co M* 327(v-1) / (Y+1) , (6.18)

where the subscript (o) denotes a quantity in front of the shock

wave.

Since the shock wave is along C  , we get the following

dynamical relation by substituting Eqs. (6.15),(6.16), (6.17),
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and (6.18) into Eq. (6.12).

dA  M*  =  f(Y) = -f 2+1  + 1
1

+    441    -1) .1              (6.19)T BF[* Y 4 Y(Y-1)

The result is similar to Whitham's formula for very strong

25shocks     Although the dynamical relation (6.19) is derived

from the equations of plane transverse MHD flows, we still use

it as an approximation to the coaxial shock tube by treating

the propagation of the shock wave down each ray tube separately.

With the dynamical equation (6.19), we can rewrite hyper-

bolic Eqs. (6.2) and (6.3) in the characteristic forms.

dm +- 0,1                          d M*              t a n   cr   t a n  (im)              dr
tan  (+m) -RE tan cr+ tan(+m)  7

dralong 3-- = tan(epim) (6.20)

/. LA.....dA*          1tan m = 4 Fl-* BF -  2.15  (with y = 5/3) , (6.21)

where m is the angle between a ray and a characteristic line

C .  These equations are of· the same form as the. gas dynamical

equations, with their characteristics, Riemann invariants, shocks,

etc. The propagation speed of the geometrical wave,

d,                   (-   -d-M i   )42      r35         1 dA

in an axisymmetric case, is an increasing function of magneto-

sonic Mach number M*.  The geometrical waves with increased mag-

netosonic Mach number  will eventually break and form a shock,

in this case, a "shock-shockn called by Whitham.  Such a "shock-

shock" which propagates on the shock surface is a discontinuity
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in magnetosonic Mach number  (M*) and shock slope  (cp).

With Eqs. (6.20) and (6.21), we follow Lau's wall shaping

method using the theory of characteristics to find the end wall

profile for shock focusing in the coaxial shock tube. The in-

cident shock wave is assumed to be a plane shape. Because the

Eqs. (6.20) and (6.21) are completely similar to those used by

Lau, the wall shape for shock focusing in our case will be ex-

actly the same as that found by him.  It is approximately a

quarter of the ellipse with the ratio of the major axis to the

minor axis equal to 2.25 [= (2.15 + 0.1)]. This is the opti-

mal  ratio, as the shock focuses to a point in the r-z plane,

or actually to a ring. The difference between two slightly

different wall shapes will eventually become negligible when

a shock wave is converged into a same location of the bottom

of the end wall.  The elliptic shape makes the numerical compu-

tation particularly easy.  In Fig. 6-2, the line BC is the first

positive characteristic due to the wall curvature. The dimen-

sion of the triangle ABC is given by Eq. (6.21), i.e., tan(m) =

AC/AB = 1/2.15. The numerical value (0.1) is chosen to make

the ellipse following Lau's wall shape fairly.  It can be

changed to other small values.  The focused location is arranged

to be near the inner conductor according to Eq. (6.20).  The

end wall (CE) in the shock tube is shown in Fig. 6-2.

C
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VII. SHOCK FOCUSING ANP REFLECTION

7.1  Quarter-elliptic End Wall

The elliptic wall designed in the previous chapter will

now be checked out by computation. The shock·wave of Section

4.2 is used again so that we can study its focusing and reflec-

tion. The solution is presented in the plottings such as Figs.

7-1,   7-2,   and   7-3.
Fig. 7-1 shows the sequence of the shock flow in the tube

with the elliptic end wall located at the right end.  These

pictures are helpful to us in understanding the details of the

flow, the process of shock focusing and reflection, and plasma

heating. At cycle=501, the incident shock wave runs down the

tube with a speed of 125 cm/usec. At cycle=601, the shock

wave moving through the converging channel is diffracted and

strengthened on the side wall, and the plasma behind the wall

shock is further compressed. The fluid particles behind the

wall shock travel along the wall surface.

At cycle=651, the wall shock and the incoming main shock

wave make an angle of. about 1100. The geometrical wave on the

shock surface now breaks into a geometric shock (Mach reflection).

Whitham called such a geometric discontinuity on the shock.sur-

face a "shock-shock". The magnetosonic Mach number and the

angle (*) of the ray on the wall shock di ffer with those on the

main shock wave respectively.  No matter what the shock shape

is at the bottom of the end wall, the shock will inevitably

L
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reach a maximum in strength, i.e., s.hock focusing.  Then, the

high kinetic energy of a fast moving particle suddenly will

change into plasma thermal energy in the focused region.

At cycle=701, the ·reflected shock wave has indeed focused
and produces a small region of hot plasma with a temperature of

32 Kev, or some 8 times the inc·ident post-shock temperature.

The maximum density in the focused region is 8.12 x 10-8 gram/cm3,

or 16 times the initial density in the shock·tube.  The dura-

tion of the hot plasma is quite short, being equal to the transit

time of the reflected shock wave across the major axis of the

ellipse.

At cycle=751, the shock again reflects from the focused
region, and behind the reflected shock is a rarefaction wave.

The velocities of the incoming particles and the reflected par-

ticles between the reflected shock wave are in opposite direc-

tions. Then, the reflected shock wave propagates downstream

near the outer wall, and moves into the vacuum near the inner

conductor.  The plasma expands very rapidly along the surface of

the inner conductor.

Fig. 7-2 shows the plots of the magnetic field, density

and temperature with respect to axial position in the focused

-           region with a radius of 6.625 cm at different times. The bot-

tom of the elfiptic end wall is at 33.75 cm.  At 0.28 micro-

seconds, shock focusing and reflection make all thi  flow varia-
bles peak at the focused position.

Fig. 7-3 shows the traces of the magnetic field, density

and temperature with respect to time at a fixed station near
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the focused region. The station is. shown on the first page

of Fig. 7-1 as the point (G).  A shock compression raises the

total pressure (P*) due to the arrival of the incoming shock

wave.  When the shock wave moves away from the station, the

total pressure drops since the magnetic field and density of

the plasma just behind the incident shock wave are higher than

those of the downstream plasma; this is due to the effects of

the side wall and drive current. A furhter shock compression

occurs when the reflected shock wave returns to the station.

Finally, the total pressure goes down quickly as the reflected

shock wave moves away from the station. Milton pointed out
19

that ordinary gas shock convergence and reflection by a curved

wall in plane flows follows purely the cylindrical implosion

26 27
cycle ' , and that the flow conditions in the area contrac-

tion of the shock wave are not uniform.  In our case, the mag-

netic field in front of the incident shock wave varies radially.

However, some features of cylindrical implosion appear in this

case.

To keep the temperature of the plasma high, it is necessary

to keep the plasma from expanding. An externally applied mag-

netic field after shock reflection at a suitable downstream

position will Slow the plasma expansion resulting in extended

heating.  The plasma under the applied magnetic fields will not

expand when the applied magnetic energy density is much greater

than the total gas energy density.

L
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7.2 Summary

-                 As we have seen, the end wall profile in a coaxial shock

tube obviously plays an important rule in plasma heating. The

convergence of the incident shock wave, the motions of fluid

particles, and shock flows depend strongly on the wall profile.

Generally speaking, the flat wall does not converge a plane

shock; the semi-circular wall converges an incident shock to

some degree; and the selected quarter-elliptic end wall makes

an incident shock wave fully convergent. The maximum tempera-

ture and density of plasma achieved during shock focusing and

reflection from the quarter-elliptic end wall, are much higher

than those due to shock reflection from the semi-circular and

flat  end walls respectively. The maximum temperature and the

-            corresponding density and magnetic field are listed below for

the shock wave which has been reflected from three different

wall shapes.  They are measured at the focused locations of the

quarter-elliptic (r = 6.625 cm), semi-circular (r = 9.375 cm),

and flat(r = 11 cm) end walls at the moment of maximum plasma

heating.

flow variables measured in the focu,sed region
at the moment of maximum plasma heating

wall shape maximum temp.(IK) corresponding  corresponding
density magnetic field

(gram/cmj) (KG)

7              -8elliptic 2 9.O x 1 0 5.30 x 10 78.7

circular 16.7 x 107 5.36 x 1 0                     68
-8

flat 1 4.5 x 1 0 7 5.1 x 10-8           53
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For the convenience to see the motions of the incident and

-             reflected shock waves, Fig. 7-4 shows the whole sequence of the

temperature contours for shock focusing and reflection from the

selected quarter-elliptic end wall in the coaxial shock tube.

..
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-             VIll.  PLANE FLOWS

We did some preliminary work on plane flows to check the

accuracy of the FLIC method.  The code was applied to shock

reflection in plane flows, and the results were compared with

22those obtained by the two-step Lax-Wendroff scheme  , which

was given in Appendix A.

The treatment of boundary conditions using irregular cells

on the curved wall described in Chapter 111 is designed for the

FLIC method only. For the Lax-Wendroff scheme, we use a simpler

approximation, using only regular cells.  This same approxima-

tion is also used for the FLIC method; and in plane .flows, it
does not give much difference in results from the more accurate'

method of Chapter Ill.  More specifically, on a curved wall

boundary, all surface cells and fictitious boundary cells are

treated in the same way as the interior cells, in spite of the

fact that they are split by the wall boundary.  They are kept

in the same shape as the interior regular cells.  The values

of the flow variables in a fictitious cell, which has at least

one half of its area outside the wall boundary, are calculated

by reflection with respect to the tangent of the wall profile.

In this way, there are no flows of mass, momentum and energy

across the wall boundary as the normal component of the fluid

-             velocity on a fixed wall vanishes.  This method makes it easy

to handle boundary cells on a curved wall in plane flows.  We

call it a "regular shape" approximation.
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-                The problem, with which we compare the two methods, is

the reflection of a plane shock wave from a semi-circular wall

in a transverse MHD flow. In Table 8-1, we give the required

parameters for both schemes.  The downstream conditions are

obtained from the upstream conditions in front of the shock wave.

The initial shock position.of the incident shock wave is given

to be at 3.2 cm in front of the center of the semi-circular wall

as shown in Fig. 8-1.  The radius of the wall curvature is 2.5

cm.  Then, the computations of the shock flow can be made by

using a continuous inflow boundary at the left end.  Actually,

reflection is applied to the center line because of the sym-

metry, so that only one half of the flow region is in the com-

putations.

To select the right amount of numerical dissipation, for

this set of tests as well as for Chapters IV, V and VII,  we

test the FLIC method on shock reflection from a flat wall using

various values for the coefficient of the numerical dissipation,

until it is large enough to dampen significantly the numerical

oscillations.  The coefficient (b) in the viscous pressure

nterm, say q. 1. ,i s chosen to be 0.5. The detailed relation
1+2,J

between b and q: 1 . is given in Chapter ll.  Similar tests are
1+2,1

carried out for the two-step Lax-Wendroff scheme, for which we

need a coefficient (k=1.2) in a viscosity term which ks shown

-          in Appendix A.  These values of the coefficients (b and k) are

used in the computations of shock reflection from the semi-cir-

cular wall.
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Fig. 8-2 shows the results obtained by the FLIC method for

a shock wave reflecting from a flat wall using the initial con-

ditions given in Table 8-1.  The reflected shock wave is shown

on the lower curves.  The density profile is on the.left, the

temperature profile is on the right.  The solid curves are  a

large cell result (6x=6y=0.2 cm), the dotted curves are a fine

cell result (ax=6y=0.1 cm). The shock thickness in the fine

cell result is narrower than that of the large cell result

since the numerical diffusion is proportional to the cell size.

An ordinary numerical scheme will spread out a step  function

into several cells.  But the amount of inherent numerical dissi-

pation in the large cell result is greater than that of  the

fine cell result. These are the common nature of the numerical

schemes.  However, these computed results agree well with the

analytical solution.

The sequence of temperature contours obtained by the FLIC

method for the plane shock wave reflecting from the semi-cir-

cular wall is shown in Fig. 8-3.  The comparison of the computed

results between the two methods in this problem is given in Fig.

8-4.and Table 8-2.  Fig. 8-4 shows the temperature and density

contours obtained from three different calculations at the same

instant of time: a large grid FLIC method (6x=6y=0.2 cm), a fine

grid FLIC method (6x=6y=0.1 cm), and a large grid two-step Lax-

-          Wendroff scheme (6x=6y=0.2 cm).  The agreement between the three

results is good. In addition, we also tabulate the density and

temperature measured at the position B (shown in Fig. 8-1) with

E
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respect to time under the two methods in Table 8-2. The average

errors between them based on the FLIC result is about 2.34% in

density and about 1.36% in temperature.  This gives us some

confidence on the basic soundness of the FLIC method for this

class of problems.

Table 8-1

The required parameters and initial conditions for a plane

shock wave reflecting from a semi-circular wall in plane

flows

Gas hydrogen

Mach number 1000

Shock speed 144 cm/Usec

Cell width (6x=6y) 0.2 cm

Upstream Downstream

383
Density . 5344 x 10-8 9 ram/cm 1.86 x 10- gram/cm

Pressure 66.65 dynes/cm2 5.74 x 107 dynes/cm2

Temperature 300 0X                 7.43 x 107  K

Transverse field 7000 Gauss 24364.7 Gauss

Axial component of
fluid velocity 0 cm/usec 102.63 cm/usec
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Table 8-2

The density and temperature measured at the position B (shown

in Fig. 8-1) with respect to time under both schemes

F L I C    (6*=ay=U.2 cm) Lax-Wendroff (6x=6y=0.2 cm)

Time Density Temp. Density Temp.
-8 3 8 0        -8       3      8 0

wsec 10 gram/cm 10 K 10 gram/cm 10   K

0          .53           0          .53             0

.0155 1.93 .78 2.03 .81

.0255 1.83 .70 1.87 .72

.0355 5.04 2.33 4.67 2.44

.0455 4.18 2.00 3.91 2.07

.0555 3.97 1.89 3.92 1.88

.0655 3.95 1.87 4.01 1.78



110

semi-circular
I  N

rt -.

)          -• 1 wall
-. 0 -•

2.5 cm  
0 n

-.

1 .Il
0 -
E      center line - B
0- 3-'

2                           00
3 I                  #
Cl.

m -0 7,7                                                                             0
r                                              (n

-.

7 cm . . -t.-I 0.7 cm

Fig. 8-1  The initial shock position in the flow

region

L



111

IO-8 gram/cm3 '08 OK

INCIDENT

2-  P                    I

il  -,2
l\

1- Fine Grid -1 \*-Coarse Grid                       ·5

\\\42:             A
A---1 cm -•1                                                              00

PLANE-WALL REFLECTION
(FLIC)

80 = 7OOOG  Uo 0 1.44*108 cm/s

5
2

REFLECTED

F B                       T
1 ......... ... -  -I.1 \/   - 1       -4I 1 1.5

1
1                                               /

It
1 1

3

1

1                                          1
I                                         I
1               -'

1
2 --, .5

\1

1

0
*1
(\

N

Fig. 8-2 The computer results of an incident shock wave reflecting

from a flat wall in a plane flow.
A

 :

P



112

t :· .0055                                  t = .0155

0807   0.75     0.7 0
0.75   0.8 0.1 0.74 0.75

01  "

t = 0255 t = 0305

0.80.8 9 1          1
1.25 125

1.757
1.5            1.5  r--lcm -01 + 1.75

2

2.25
82

t = .0355 t = .0405

0.8      1 0.8 ' 175
1.25

1.5

1.5

1.75

1.75

2                      _/--2
-          -                      I

t = .0455 t = 0555
ae 1 125 0.74

1.5 0.8 1 175

1.5

175
175

2
\1

.i

Fig. 8-3 The sequence of temperature contours for a plane shock wave
 4                                    reflecting from a semi-circular wall in a plane flow, with
1
' Bo = 7OOOG, Us= 1.44 x '08 cm/sec, t infsec, T in 108 OK
41

*

i
R



113

Large Grid Small Grid

FLIC FLIC

0.8 1 1.25 0.8     1
125

1.5
I 5

1.75 1.75

2                                      2

2.25 2.25

Large Grid

0.8 1
Lox-Wendroff

1.25 TEMPERATURE at t =·0355 gs
8 0

1.5 in 10   K

... 1.75

2/Ii

2 25  .695/'

Small Grid
Large Grid FLIC

FLIC
2            3                                                2                         4.5

3  4  4        4.5

5                                           5

f»                           '»-3
6/      5                                                    5

C74.5 / 4.5

Large Grid
2 3 Lax-Wendroff

4
4.5

DENSIT.Y at t = .0355 ws
5             -8        3

5.5 in 10 gram/cm
,4

2 /»
4

Fig. 8-4 The temperature and density contours obtained from three

4 different calculations for the same instant of time .

A
 
t

1



'-

114

REFERENCES

.

1.  Meehan, R. J., Ph. D. Thesis, Report No. 44, Plasma Lab.,

Columbia Univ., (1969).

2.  Halmoy, E., Phys. Fluids, 14, 2134, (1971).

3.  Moricttc, P. R., Phyg. Fluids, 15, 51, (1972).

4.  Gross, R. A., Chen, Y. G., Halmoy, E., and Moriette, P. R.,

Phys. Rev. Letters, 25, 575, (1970).

5.  Schneider, S. H., Chu, C. K., and Leonard, B. P.,

Phys. Fluids, 14, 1103, (1971).

6.  Schneider, S. H., Phys. Fluids, 15, 805, (1972).

7.  Hain, K., Hain, G., Roberts, K. V., Roberts, S. J., and

Koppendorfer, W., Z. Naturforsch, 15a,. 1039, (1960).

8. Alder, B., Methods in Computational Physics, Vol. 3,

Academic Press, (1964).

9.  Chu, C. K., Computational Fluid Dynamics, AIAA Selected

R e p r i  n t     S e'r  i  e s.

10. Potter, D. E., Phys. Fluids, 14, 1971, (1971).

11. Burstein, S. Z., AIAA Journal, 2, 2111, (1964).
12. Lapidus, A J. Computational Phys., 2, 154, (1967)..,

13. Amsden, A. A., Los Alamos Rep. La-3466, (1966).

14. Marder, B. M., Los Alamos Rep. LA-DC 13103, (1971).

15. Gentry, R. A., Martin, R..E., and Daly, B. J.,

J. Computational Phys., 1, 87, (1966).

16. Butler, T. D., Phys. Fluids, 10, 1205, (1967).

17. Whitham, G. B., J. Fluid Mech., 2, 145, (1957).

18. Whitham, G. B., J. Fluid Mech., 5, 369, (1959).



115

19. Milton, B. E., and Archer, R. D., AIAA Journal, 7, 779, (1969).

Milton, B. E., and Archer, R. D., 8th International Symposium,

London, (1971).

20. Lau, J., CASI Transaction, 4, 13, (1971).

21. Skews, B. W., AIAA Journal, 10, 839, (1972).

22. Burstein, S. Z., J. Computational Phys., 2, 198, (1967).

23. Chu, C. K., and Harold Grad, in Research Frontiers in Fluid

Dynamics, (R. Seeger and G. Temple, eds.), Wiley-Interscience,

pp. 308-349, (1964).

24. Jeffrey, A., and Taniuti, T., Non-Linear Wave Propagation,

Academic Press, p. 159, (1964).

25. Whitham, G. B., J. Fluid Mech., 1, 185, (1958)·.
26. Payne, R: B., J. Fluid Mech., 2, 185, (1957).

27. Lapidus, A., J. Computational Phys., 8, 106, (1971).

28. Private communication.

29. Richtmyer, R. D., and Morton, K. W., Difference Methods for

Initial-Value Problems, second edition, Interscience Publishers,

PP. 365-368, (1967).



116

APPENDIX  A

The Two-Step Lax-Wendroff Scheme

The basic equations of a two-dimensional transverse

MHD flow in Cartesian coordinates (x,y) can be expressed

as follows:

12 +1 (m)+1 (n)=0, (A-1)at   AX        my

,      2

_am   +   1    (m_   +    p* 1   +   1   /   Enl   =    0
, (A-2)Bt 3x i p /   B y\p/

2-.    an*.1/!11[11+1(1_+P:': =0, (A-3)FE · A x c p/ Ay \ P

AE   +   -3-    (m     (E    +    P* )  1    +   1(n(E    +    P* )  -    0 , (A-4)At AX \ P ,    Ay \P

BB   3/ mB)   8/ BR.\ 0. (A-5)at A X\ .p/ Sy\p)=

Here,

m = Q U,

n = p v,

 * =p+ 82/8TT ,

2= Cy-1)(E - *(m  + n 2)/p)

+ (2-y) 82/8TT ,

P  = (Y-1) P I,
2

E    =     p     (1    +    * (u 2    +    v 2 ))    +   - Tr        ,
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where p,u. ,v,P,B and I are.the density, x-component

of velocity, y-component of velocity, thermal pressure, mag-

netic field and specific internal energy respectively.

These equations fit in the following form,

aw   =   -BE   [f l      +     1   [g] . (A-6)at   B          Ay

22The difference schemes for Eq. (A-6) consists of two steps

as follows:

Step 1:   wh, 1(t+at)  =  *(wh+*,1+* + wh+*,1-*

+ Wh-*,lt* + Wh-*,1-*2)  +  2 (fht*,lt* I fh-&,lt*

+ fht*,1-* - fh-*,1-* ) +  2 (ght*, lt* I ght*,1-*
.

+ gh-*,1+* - gh-*,1-* ) '

with 6x = 6 y , X = 6 t/6x ,

h=i+*,l= j f *.

Step 2: wi·,j(t+6t) = wi,j(t) + 1(f - f. + ft+6tj
4\ i+1,j 1-1,j -X   j

X/               t+6 t\
+  F(gi,j +1    -    gi,j -1    +   gy         )   +   q t,j     ,

ft+6t  =  ft+At. 1  - ft+6t + f. - ft+ t. 1 ,
t+6t

-X 1+2'J+2 1--f,j+* lt*, j -* :-2,/-2

t+6t t+6t t+6 t
'

t+6t t+6t
RY git*,j+* -9.1.1+9.1.1 -9:1.1,1+2,J-2 1-2,J+2 1-2,J-2

t 0.5 i t t        t, /t        t
qi,j T-X.k. (lui+1,1

- U.  . IXIW - W.
1,1  1    \   i+1,1            l i j

-
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-1 ut, 1 - uT-1.j'x(wi. 1  - wf-1,11)

+Ivt,j+1 - vt,j ix(wt,j+1  -i,j)I Wt

-1  'f,i    -   v i , 1-1     I x(w i, 1    -   w i, 3 -1)   )    ,

with

1.2 r. /.  V U
. 12

k  =  7---  L I   +  exp   (1- U2v    if '11'12 + "2 /U2 <1;
= 1.2 otherwise.

29
where qt,   is the viscosity term  , U2 is ·the speed of fluid

behind an incoming shock wave.
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APPENDIX  B

The computer program for shock focusing and reflection

from the ·selected quarter-elliptic end wall in a coaxial
shock tube with a constant drive current
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-"- 0,2'8-''"'    - 'IF (0411,1, J-,1.F.C.0..1::r./:(11*t,J-11.Gr .0 5% (T•l,J}.1ND.rextl-1, J
1-'I.eT.·,SX{I-l,J)) 70:1=iFP{1,1*1,J-11•tf-SitI*1,·3-1)-DSICI-1.JI)

t ,

D        FOPTRAN Iv G levcl 21 MSTN DATE . 72706 00/C2/39 pAGE CC(6

2*PP< 1,1 - t, J-11 • f C SXI I-1, 3-1 )-0<x< 1-1, Jl ) *PPi l , ?, J-1 ) • I ZSx t 1, JI •
B 3/SXCI+1,J)*OSX{1-1,11-CSX{1*1.J-11-CEXCI-1,J-1311/ZSXCI,JI

02-" If (C,(1,1,1-11.EC.0..At,0.CS*(1*l,J-'I.CT.CSXCI•'.J).AND.'CSX{t-1,J=11 :I.F.r,fxit-'011 Tpr=IP'0(1,1*1,4-11•(CS'All-1..1-11-
8                           705XIT*l,JII•PPIt.2,J-130(25*( T,J;•CoXII•l,J)-Ccitt*l,J-11))/ZSX

./T,JI
.----0>7*.-'....----.·19 COP<3,1,J-13-.FC.0.-240.r.5 tit•l,J-11.LF.DS.*11*l,JI.Ahi.

I 71-Sxlt-I,J-'1 ..6.7.0'Xti-1,Jt),TI'B•t/Pll,1-10.1-11•1(5*(I-1,J-]1-
:r,sx 1 1-1, Ja'.Ppil.,2'J-1)•12.X< T .J)•C.Xll-1.JI-CSXIt-' , J-lilI/
:15*11;JI

07.7 TF liSYCI.Jl.GT.DEY(1*],JI .8AC. 0cY(1•1,J).CT.0..MIN).CRit,1*1,
1J-'1.ST.0..1:19.DRil,l,J-').FO.0.1 1/R=:COP<l,T•1.J-1)*(PrY(l,JI-
2'SY:TIZ,J))*P/(1,1, ,)}47'YA,•1'JI)/05¥ (I,J

1 027/ 19 (,Svil,JI.67.nIytlil,J) .'.13. 05¥(1/.J).CT.0..AND.Dqi'.,1-1,
]J•'I.OT.0..pNO.nili,t,J•'1.FC.0.1 TPO.Ippil,t•l,J•11*1RSY<I,J)-
20SY11*l,JI)*FP'1,1,1,Ji,[Svil•1.JI)/05¥-ll,JI

02,9 IK (ZSXCI,JI.:GT.DS)((I,J*11.IND. ISXIt,Jill.GT.0..1,0.[Pti,1-1,Jill
.•67.3.. 8.JO.rp( 1,1-3, JI.rc.0. ) Titi'(PP(l,1-1, 1,1 3•1£51' 1. JI-9,%(1,-1.- I       ....-- --- ---

PJ*131*r,I?.1.J.1,•rexit,J•,)3/ZSXII,J}
8 97'0

,:ji'jxxiffi,&:92(:lifij:i:&7.7,#pa:k»d:Tivs,F9131::lii:„--2J+91)*Pril,!,J•,1-r,xlt,Jill}/Zixil,JI
1 0;11 Ic CRSYIi,JI .OT. r<Yll-1.Jj .1,18. r,Yti-],JI ./.1. 0. .AND.

1,7(1,1-1,J-11 .ST. 0. .':'c. 10{1,1,4-11 .4. 0.1 11¥1,=IPPil,1-1,J-1
'1 * I P S Y ( 1, J l -C SY ( t - t, J ) ) + T r i l,1 -1, J ) •r SY 1 1 -1, J I )/ OSY 11, J IC'.- iF t.·Sri'.Jt .(.1. reVIT-:,Jl .AND. (T·,11-1,JI .ST. 0. .8"'.
ir.,1,1-1.J•, 3 ..T. O. .„r. "011,1,J+13 .,0. 0.) TrL.Ipctli'-1,Jil

....7-....- • -.'3•IP<YLI,J)-CSYit-I,JII*I'P(1,;-1,JI•CS¥(1-1,JI)/CSY<l,J)
02.3 1.  ciSX f r,J).CT .r sxti,J-1).Ar:-1.  Cs)(11, J-·1).61.C..8'.D.nA'1,1-1, J-1,

1..:T.J..A:Jn.CRI),1-1,J}·rE.0.1 Tr-e.trect,1-1.,-11•lisill,J}-
----'.(Sxil, 3-1 }1 *PP,1.t, J-11.r.X(I,J-lit/21,1 1, JI

0236 Ir IZIX{t,J).GT.Cs/(t,.1-11.A':C. CS,tl,J-11.,·T.0..ANO.OACI,tot,J-11
-  .Lr,7.0..ANI.r,11,14'.JI.f/.0.3 TPH.,tr,(1,1.1,J-1)•1,£SX41.,JI---

2, 5%(1.J-1 Hipt'(1, 1, J-1 ,-rS x1 1 , J-lit/Z I.Ht,JI
C735 iF 11 .1.2. IHI :n In 6
O..e 19 1£4St,Ell .GY. 1.34•Fr) GO Te 6-....,,....

0337 Ic (J .GT. JMI K.-1
C.'P IF (J .Ice J/3 K•'

.... 0::.    .. ... __ _I. ,9 (.SY it.J).ST.reyl ,-1,.1}.89.. CS¥(1-1,Jl.GT.0..0.0.
790(1,1-',J-,·1.r.'.0.} Tri.=11·r{1,1-1,JI•CS,11-I,J)•PPIt,1-1,J-KI•
7(0'911, J)-CSYII-1.J)11/0,YII,JI

07/·C TI (957(1*I,J}.,31.0.."'0.1,YI'*J).r,T./SY(t•l,JI.8·Jn.
--)nIC,,1•1,J-KI.,17.0.1 Tri·,1/711,1*l,JI-OSY<1•l,J)•PPI hlil,J-KII

-InIyll,Ji-35¥11*' ,J)11//cytt, 1)
0.41 10 tr.5111,J•KI .LT.f'I.¥1:*1'.J,/1.1 .0.r/(1,1•1.J).-,T.0..0*0•-  . rfYII,J.KI.6..0.1 Tr..irptt,1,1,J,KI•crISY,I.,,J•..3-r.Yli,.1.KI,• ---

23 0 1 1, 1 + t , J ) • 1 1 5 Y i I . J 1 *r <, C 1, J. K ) -05 Y 1 1 + 1, J * R 1 1 1 / C SY 1 1, J I
C..2 11 I.l .41 . J,I GO '„ i.
0.4. IF (fpx(t,J) .0-. rix{I,.1,1).,9/.rrx 11.J•]).CT.J..8.NO.noil,1-1,

'Jit).ST..1.3 T"l;.1(1·11,1,J,1)0-1,·XII.,1,13*,/11,1-i,J•'I•(CS*II,Ji-
.....,1.J.' '11'C"."i.J,

02'. ti (r.<4(I,J-11."T.C..'1'.1-.r<All,J).(r.r.Sxt',.1-11.' .f-.1'01;,1*1,J-1)-' --
1 .....>. )  ..1.-/.,1 , , 1 i J- i ,•r '*1 ' i J-' I •P/l l . 1 * 1,J- 1 1 • (CS*( I,JI-
-0, 3 1  •  .,-1  1  1  ,/ C f  ,,  1..1  1

6-/5 T. 1-5,[1-1.J).Ll.r'Al'-1,J-11·/'·.4.041'.,1,3-,1./.r.0..8*r.3..11- ...1 3...1.2.1 .r.':lili 1 . !- ,
'.1-.)•1(.,11-1, J..11-/5*(,-'0 JII•



FrpTIA,N IV G L-VrL  21 MAIN CAVE • 7.200 00/02/39 PAG' 0007 123
- ' '  -*  ,40111'1 ;'J-11'• Infli'11-1,',1'I i< 5 111'I i.1 1-CE Xi 1-1 , )-'l i t'I/C 5 xI I ; JI

C 7.f m T, 5
0.67 ·

. -67 IF 195*Ii,JI.G..rixit,J-11.,·:1. r.5,11.J-11.G'.0..,·w.r.11,1.1,J-11
1.6..0.3 TPA.4/Pll,1. J-'. 1-CS*( l.J-ll *pril,III,J-l}•(05*41, JI-
'rs* 11.J-1111/0 5*(I,JI

0:.P 1. Inixll,J•11.r,T.C..AND.,5*11.,1.61...xii,Jil).A.0.0,11,1.1,Jill
1.'.1.U. I T / 1- I r,91 ' , 1, J * 1 1 • r' X 1 1, J , 1 1 - r r 1 1,1 • 1, J . l l • 1 9 5 *1 1 i J 1 -
20<xit,J.1 ) 1 1/9/.(I,J 1

0240 10 ICS*11-1,JI.LT.rexit-1,J•11. A'An.Coll,t,Jill.:T.C..AND.
3 / exi l -' . JI . r,T .0 . 1 -P,I• 1 F/ ( 1 , I -1, J / l • (CS* 1 1 -1, j i t 3-CS It 1- 1,J I 1 *
2Ppil,i,J•11•IDSH I.JI•rExtt-1,JI-058(1-1,Jil)11/ncAll.JI

Cr C 6 CrATTNU-
02., -""   Gult,1, J),Fill, .1,·J).nT•/XIJ•1.9.(T,P-Till•Ct-C73

1 /fr' C 1, 1. J I•,X•SFIJ I
crs, 67 11 ,1, J l = r v i t ,1, J ) - r' • /Y l J • 11 ' YA I J ) • C T PI-PP 11,1. J I ) -SVI C J- 11 *

,(T/,9-Ppti,1,/1 31/*2.•V/1(i,Jit.tr..1-.C4)/CYI/tl-Rlt,l,JI•SFIJI
2-p.41,1,J)••2/17.•C/8(Ji/ix,•,r/rril,1.J}•Cur(JI

C.- Tc tinglo'Ill,I,Jil . l r . 5 P I i I '0'1 4 1 i t, J ) T 0 .

0:.·, - -'-'.-.  '= (ABS(r,Vi l, i,Jj l .LE. FPST 1 Gvi lit,JI•C.
C-5. 71 r'.ITT:Ur
02.0 rr r t•,1.!F- '   
0757 -- 01(1,1,J/-'/0 011.!,JAI
CPCP 6.,1,1,J.-'ll-GIll,I.J.1
CS•C

.
r,Ull.I,J'*119 GUilit,J/1

I.

Or,0 --r·v, 1,1,JE•, I•-gvt!.t.JE I
.........

... i:ii ...-  ..-.__- : ;1. 151.!M'.CAL, r,qr:LECOX.tMZ,ir.,JC.J„RA.RIEAN
C; - On 23 J•JP.JE
C.6. 00 23 1-15,IE

····   0*ft       ·-·- ··"-- Ic 'IZSXCI,J)  .F'O.''O. .'aND. RSY(T,JI' .EQ.-Cil GO Tn 23
C,)47 r...9
U; AF TF EJ .FO. JE ./R. J .FO. JAI CP=C.18

- -- -C,6.··-  ·----·--Ir it .LF.'IM) 4.1 .0 22.23
(270 fall 015749(I.J,05.CA,Ccl,rxl

--
02" 1' C IMBSCOEI.).LF.1.70•px) rq„0.10
C;7- "--,24 r.muNUT
C273 CALL FRACCSFIJ,AXIJ.eYIJ, rx.DY,

-_. C? R. - _ r  1.1. VISCOS ICB,CK,vP, FUR. FUL, GUR.GUL.F&T,rVO,GVT,GVA,OT,OX,
1 1 4, J>ill - -   '       '  '   - / * -    I- /

0775 6111,1, J)-Fit lil i J)-OT• 18Yl J•171 1,1 0 JI•( IYA E J) •I FPT+
' AV' •Fv(1,1*J)*GVA',1,Jl3/4.-SYACJ-13•IFVA•

-----7 GVR +Fill,I,J)*G,(1,1, J} 1/4.3*.C.C?*.5-(SY[·(Jit).1
3 CVT *GVT 1*SYRt.It•IFV< t. 1, JI+Gv( 1, 1, J} 11-.5*(4•.5-
4 15/qiJ)•(FVCI. ,JI+GVE',I.J).)*'YE(J-11•(Ive -GVAI)
41.5 * ( F V t 1 , 1, J ) * GV 1 1 . 1 i J I') • S yn ( J I • I C) - 94 ) 1 - S A P I J I • 8 X I J• 1 .2 5 *
6 IFUQ •GIJR . Full,t,Jl *GU (1,/,J't•(P,1.1,JI•011
7-./T•CFUL -0// L .cia|1,1.J)*C'Jfl, 1, JI)•1/1 3. 1, J 1*02)

-''- - ---#-IS•IFU11,1,31*Guil.I,JII•(01-0·')11/10011,1,J}•SFIJ•VOL(2,JII
C'71 Gril,T,JIC:Glit,I,JI*.e.1.-,tJ(1,1,JI••2•GVIt,I,Jl••2I
C777 23 rONTINU-

-O.7,----- C *F  '  - -' TR ANS P I Clt, Dir,DT,JO, JF, I E,E PS I 71 5'i A PF A N; t M,-IM i
0270 mr .77 J-JB,JE
C.40 00   4 77   1·l e.I E

07,1          ------'IF 1/Sxt 1, JI  .ro. ' C. -.AN,-'".su 1.Jl ' ..0: t.,  Go TO' 177 -
0.0: 1$ CIPSY{l,J}.FO.OSY(1*l,Jll.ANr.(05¥El,JI.EC.PSYCI-l,Jll.AND.

/e•(•,4 IV U L•VFL  71 MAtN DATE . 122CE 00/02/39 PAGE 0008

?IZ<xit,JI.El.ZSX{I,J+1)1.AAD.<Zexit,J).EQ.ZEXII.J-ill) 60 TO 477
OPP' TF IOR[1,1-1.J).ve.0..11&0.#Syl¥-1,J•1).LE.RS¥41,J•ll.AND.

145Ytt-1.J-11.LF.RSYCI,J-111 01 32 °102
OFC• IC InR<:,1-1.J).EC.C..840: FOIi,i,JI.LT.0..AND.VCLII,JI.GF.

IPSY'/,33•SYRIJ'D GO TC 9102
0'85 . GE TO 9?05' ---0786" - '  ---01'61''Z Sx t'; JI.Z S xII,JI-Ful 2, 1 , j)•nT
0707 CSX 1,3 1./Slt 1,.1 I

------::::  .... --4U.r:,t-:4 .ts*1'. J!-. -
CPOO               IF  nRil,lil,Jt.FC.0..trIE.ISYCl•l,JIZLLE.RS¥tt,J•13.AND.

10SY ,•I,J-11.Lr.Rfy{T,J-11) 60 70 0104
--- O;c'..--.._ -- '- 1F rc 11,1*l,JI.F.0.0..AND. Ful 2, I,JI.Gl .0..AND. vori f, Ji-:G E.

1.SY t,J)*SYCIJII IC IC 9104
u.:.__._- 60 ·0 91 C 7
030. nioz- L SX   1; J 1 • Z.xI  I, J ):Ful 27i,J i InT
0..' r.. I.J).2..(l,JI
0-Cl 05% 1,JI•ZSXil,J 
07#  -----4107-'CO'%  !;iUr
C..1 477 CINTINUC

- c;-p  .. ---:--oc  is 1:1 :te
0'00 1. CZSxal,JI .rO. C. .8NO. RSYII,Jl .EC. O.I CO TC 25
0.61 S.V.VaLI ' , JI
'6'02'      ' '-.' - '-

i F''I II SY< 1, JI . FO .'PSY 11 -1,3 1 I .8'IC. i CS Y< 1, J ) .cO .P SY l i zl . J')'1 . AND.
1(ZSKIL,J .FO.ZSXII.J*'11.ANO.125111,J).FC./Sx(1.J-tl)1 CO TO 8551

--. 0.03..__....__. IF <'01',1.-1.Jl./0.0..4ND.C.SY(I-1.Jill.LE.OSY<l,JIl).A#0.CSY(1-1,
IJ-ll.LE.0<Tii,J-1„ VILII,JI=Vrlit,#1-CrY*t,Jt•FU(I,I,JI•0T•SAB<JI
7/OX

030.· 1# 100(1,1.1,JI.FO.0.. AND.[SY<1.1,J.11.IF.<5111.Jill.ARD.95111*1.
VJ-'1.l-.CSY(I,J-'11 V/LII.J)=ICLAI,JI•OSY{t,J)*rut',I,JI*i1T•SXRIJI
3/nx

.-'_ 0.05 I. - 'i- I.   -' J t   : ..jili. J-; 1 10;8:i,i: 5,Qus, :i.J i- ij,; ii.J   :0;Yi ;26'f:Distii:
71-1 -CSYCI-1,J•1)-r'SY(t-1,J-')}-r.U12,1,J)•01•5.8(JI/OX

C'C,         1% 110.1,.1•t,JI..C.0..2:ID. r.Y,1,1.J•11.:T.C.Vt ,J.11.ANP.BS¥'1.1,
- 1J-1 .GT.f:SY(l,J-11) V/lit.JI-V'll(l,J)•109¥(l,J •CSY[I,J•lli

pr.ry l,J-11-9<Yll•l,J•'1-145¥|t•t,J-t))•CUI2,1,J •nT•SH! (Jl/ox

..._-._ E.Cl..._ ..._-=  IF Oop.,1-1.,JI .Fe.0.-44·r.r<YI 1-, , J.13.CT.rSY, , J., LAND.
--,reY 1-1,J-lt.LF.ncyll,J-131 7'llil,J}:V[lil,JI- PSY(t,JI•
7.SY I.J.11-'SY(1-1,J.111• Ill 1.,I,J'.CT•.*.(JI/D.

C'Cf        'F "i 1,1-1, J).EC.0..8,11'1. r'SY(1,1, J•1 1.rT.rSYC , J*11.ANO.
-   '   --   -'-'  ,r,ry 1,1,.1-11.Lr.rS,tr.J-113 V-lit,Jisprtil,J)* "YII,JI•

7(SY l,J•'1 -IS Yit•l,J+1)j•CUC-,1,J}•rT•SIHIJI/0.

.-.0.0. .._ .. _Q__.. 'I nRCI,1-1,21.EC.G..Evn.r<Yll-1.J,11.Lf.OSY' .J•11.0,10.
1(CY 1-1,J-lt.GT.9<Ylt.J-1.1) VAI.(i.J)'Pr-lir,Jj- t SY{1*J)*
10'Y t,J-1)-CSYII-1.J-')1•FU('.1.JI•[T•SXEIJI/C

0"0 T/ Doll,t",Jl·EC.0...1".CS/11*1.J•11.l:.CI¥/ iJ,11./IND.
-'-' I,cy lit,J-,I.r.T.rey(T,J-111 V.'111,J),Vr·LIT,Ji• 05,11,J)*

Tcey I,J-1)-r'SYI'*,iJ-'1)*r,11'.i,J)•r'•<*FIJ)/r

0'11 , I fll('.1-1,1-').CT.:)..1'.""1{1,1-1.J-11./1.0.3 6,7 TO ·1000
O.12 11 /.S¥11-1,J}.jT.0..·1··'r·.r.yll-1,J).1.1.,1SY(I,JI./t ,D.r-,147,1,J).LT.

'0..,·1...·11.(I,J).r..c.Yil,Jt..y''{Jll Ge T CIr' 1
09'. 0.7 . p.,
O"4 -r,4 /1, 1-1..1}:psyll,J)
".. .s. 1 -I , J l ..,5,1 ' e J 1



r,•ri·.4 tv .1 1.-vrt  31               MAI A calf • 72208 00/02/39 ,•6, Ccc„   124
C.'. :'911-1,JI•ns¥(I,J)
0'17 94? r.lf,fl'·uf
/3 7 1. IF I rs¥11-1,JI.GY.O..,An.C'Yll-I,Jl.LT.Ir.Yet,Jll Vnlit,Jls

'Vnlil,J}-(Al,Vit,JI-r-SYI!-1,Jlt•FUI2,1,J}•111•5*HIJI/nxC-C .000 CCITt.a,r
0' 'C iF Ir-,011.1*l,J+11.(T.0..aN/.rot,·.1•I,J-1}.r,T.0.3 re Tn 9001
0.2, IF irry<1.1,JA.ST.0..A•In.OSY{I•l,JI.Lt.CS¥tl,JI.AAn.Ful7.1,JI.GT.

10..ANA.Vrl.It,J}.Gr.rryit'.J/•')(11(J/ 4/ TO 9'W
0";   '  9 64
C.,3 054' ASY 1-1,J).CS,ll,JI
0'24 <SY 1*l,J)•CSYIT,J)
O... .SY /•t.JISCS¥11.Ji

'O'-, -  --0560  rt„·-·111.
017,               Tr   Isyll•l,JI.6T.0..4A3.r-Yil•l,JI.LT.pe¥(r,J)1 Vnllt,JI•

1 Ill I,JI.(OSI<l,J ,-'SY l'*',Jlt• F.(2,1.J)•01.5.PIJ) inx
C..0 9001 rEN 1 ·,"j,

C,Pe         tr n;(1,1,J-11.FC.0..aNC.(<*11•1.J-11.LF.CS:It•'.JI.ONC.
1/SK 1-1,J-').LF.nS,(1-'.Jll VnLII,Jlmvnlli,JI-ZSXIT,J}•FV<7,1,JI
2.97 SAO" U.X

0"C 1. 7-13 *I,J*' I.IC.C..41:0.1·,IX(lit,Jill.lf.r-5.'·11*1, J)./NO.
.-...insx !-1,Jill.lr.Cr.Xll-10. 11.Vot.(t,JI,Vrt.ti,JI•25*1 1.JI•/Vt 7.1,JI...1 5/'#IJ'/1.

0.'T IF  OR'1,1,J-13.FC.0..AAn.r<Xitil,J-11.61.Cixllit.JI.A)C.
,/SX 1-1.J-11.ST.DIX{1-i,JII Villt,JI=VOL.Il,J)-1/SXIC,JI•       •
Ins* I.'.,Jl.nS,(1-1,J)-rcill,1..1-11-CSXCI-1.J-111.Fvi2,1,JI•CT•
...0 J'/Dx

0.,f         . " --- -'. A L   1 - t.3•4 1 : 1 $ : C :i t 1-i . Ji T V:Z :1:J i : 2 2 2 6 5.1 1:1 il l 1; iJ I • C' R t l•1.J,
2. C S : 1 T- 1. J ) -C S X{ 1 0 1, J*, 3 -P'5,1 , - 1, J• 1 1 1 •cl t ) , 1, J } *7 1•, )101 J I /0*

037'               I.  ..11,1,J-1).rc.0..,NO.rix„•t,J-11.(T.r,rti•,,JI.AND.
9(SX 1-1,J-11.Lf.·15,1'-1,JI) VIL{l,Jl:V.,11,Jl-(25,41,J)-0,ICI,1,J)
7-r.C:lt•1.3-111•'vil.1.J)•BT•CXICJ)/rk                    '

..0336   - ·   IT nRII,1.Jill.rC.0..8•0.1:5Xti•1,.1•,1.Gr.Crgil•t,J).ANO.
105X 1-1,/*11-LF.Ccitt-l,J)) V"lll,/1=V'LAI,JI•ILSXCI,J)*·
ErSX 1.1,JI-DS,(t•l.J•')1•ck(2,1.J)•CT•SKBIJ}/Di

.0.3. ._-.. r. 00(1.,1,J-11..0.C../t, C..r,*11,1..1-1 1.IF,r<,(1,1,.11.APR
trsx 1-1,J-1)·ST."311-1,JID InLii.J)=V/l{l,J)-(ZSWII.J)+
735X 1-1,J)-/5*(1-1,J-'11*rVI'il,J)•CT•SXE(J)/Cx

0376         TF DRI),I,J•').rC.C..a·19.05*(Til,J•13.LF.Ccittil,J).ANO.
105% Y• t,J•it.ST./Silt-I.,JI) V,1(T,Jl.vlL(t,JI•(2<Alt,JI*
prix 1-1,J)-05*11-1,/*31)•Flf?,1,J)•rT•CXFIJ)/rX

0317            IF  nott,lit,J-11.eT.O..11'ip.r.Rt'il-1.J-11.61.0.1 60 TO 0003
-'C??e"-- '"-- li" Cfxir.J-] ).GT.C..8*r.re*ll,J).:T.r.5.<(1.J-1).840.FVI?,i,Ji.LI.

90...90.Vrlit,JI.GF.ZEXIT,J)*SYqIJ,1 GC TC 95/5
0.,r, CO   ·  n   9 5 A 4---"--''0140 -  '  '-9535-CS* 1.J-11CDS*11,JI  '-
C'.1 05/ 1,J-'/.95. I.JI
0'.7 z<x t,J-1 1•AS*( I,J 1-' --'---0383-'--' -55* r.0,1.1,·4!,F
0346               10   CS*lt,J-11.GT.0..Aw.Zexll,Jl.GT.CS*il.J-ln VOLIT.JIC

'Vel 1. Jl-1(-S.X.Il,JI-CSX-1.1.J-1.11:Fy<2,1.Jltorilll!!1JL/-03--.-I----045'-.4- -Foof-CON, 1 Nur
07.6 IF 10<11,1*9,J•11.07.0..840.Dull,1-1,J+11.Gl.0.1 CO TO 9002
0/67 1. ins*a l,J•11.6..0..8:12.C.*(I,JI.G..DS*ti,J.11.AND..Vtz,I,JI.GT.- '--  '" "O. .AND.Vrlit,JI.GE.25*(t,JI•BY91Jll GC TC 9567
034• GO TO 9568

FORT,KN tv G LEVEL  21 Mark OATE - 7220e 00/02/39 PAGE 0010
-----PA 9567 OSXCT J*11=CSXCI•JI

C?SC CS*(l,J..1-CS'll,Jl
(35'. ·.__-_._.__.35XI I,J•11=CSX< 1, JIn„7 9564 CtiTINUE
0353 TF i OSXII,J•11.G,7.0..ANC.ZSXCI,JI.CT.CSXI *Jol t VOLIi,J)=

lv'IL C 1 . J } * ( ZSX( Ti J )-CS* 1 1, J•: I   •PV£ 2,1. J I •DI•Sxet J I/nxC?5* .,-H002  CONT/WF
0... 9591 CONTrt,Ile
034 001.it,JD.C.1.,1,J).S.V/.m(t,J)

-  "0'87 '- --= -""09'17.,I,JI•Pe(2.1,JI•SFV/VIL(t,JI           ·                   '0.'P ,F (0112,1.Jl .LE. 0.1 kilrc 16,25el I.J,Flt/.t,JIC'5c 256 '1098, 1,+ *t 3,14,r, s.At---  C'ec '   '- '-'-- ' "Ic.(*11?,1,JI  .LF. 0.) Gn Tn 31 '-
0'41 PE',t,JI.(FK-1.3•rci„T,Jl•Fl(i,t,JI
04' "(7,1.J)•/12. r. J )•DE(3, I.JI••'/18.•3.1415)'-""038. TMPIR,I,JI=FICF,l,JI/rvp. SIN IFK•5/•Twpl. il,J)'04.5
C.'5 TC17.1.J,•552'--'  '' O·'e 4 - ---- li f.r 1NTI,4*JC
n,*, Dn An" J-JR.JEC'e E ncI 482 1.15,t E
O?hc iF IZSKII,JI .FO. 0.-.AND.--liSYII,JI .EC. 0.1 GO TO 482C'7C IF <105¥(I,JI.FC.PSY<1*l,JI}.ANC.(R<Yit,J).99.QTY(r-l,Jtl.4NO.

9(Z,·XII.JI.rO.Zix{l,Jil) 1.-•,t.C.12<Xit,J#.FC.15*(I,J-'Ill GO 10 482037        - IF (nill,/,J-1).FO.0..·'1·40.2Nxit.'.J-13.LI'.LS:{1•1,JI.AAO.
125*11-1,J-11.1. r.Z..11-1,J}) , 1 r. .201

U.': IF 19011,1,J-1).rc.C..in.FV('it,JI.LT.0.-BNO.VSLII,JI1,r·;F.ZSKIT,J>•SY':1(Jll Gil " "01
C.1, GO 1 9105                              1
0,74 420' OSYCT,J)=OSY(l.J)-FVII.I,JI•OT

rQY,t,J,·,Cy(I,JI
0' # n5Ytt,J)./SYtI,Jj

... 0,7. .0205 Crl'IT INU.
C378 -<'- '"'  -im -1 1,0  1 1.  i,J i t  )·.rc.0.: A• [ . Z S X'IT  *t,J *1 1.L E. /S x t  1,1, .1 1.A N D.

17<*11-1,Jill.Lr.25)11-t,JI} 50 TO 0301
0'7. IF 1 09 C ' , t,J•1 I.FQ.O..IAO. F Vt 2 it.JI.Gl.0..AAD.VnL 1 l,JI-----' •Jr.25*(;,JI.SYH,J)1 60 -0 .303
0.9C 50 In O-'07
O.N. 020  057(1.Jl•/SY, 1.J}•FV(',1.J,•PT
0'p-   ·

---·--·
C r.y (!,J}=Ds/(I,JI

0,P' rry(l,JI=PSYCI,JI
0.4 9707 C"IT I'l Jr

- 0,0'     --''491'fc/71:iur0.9/ 01 %5 J=.IR,JE
C'07 ro '• t• IS,tr
C..P

-  le ILS*Il,JI .ro.' C. :8*r. OSYII,JI .EO.  '0.1 5( TO'35 --·O'Pc F/1 1,1,Jl trl,1 2,1,J)
C'.0 ..(1,1,J).r.,2,1,J)

F I C' .t. 11 •r 1 1' .1.J)
C.r. , /t) .1. . ,1, "1 7.1.J}                                                                                                                             'Cl'·9 09/• ./. Ill·'It'. t.,1
0.... "/ h '
C · ': • . 11.T, 't=:r (.,''J)
(.., . . ( '  , 1 . .1 1  •R. ( . , 1.J)r, "

1"f i l,1, i t-T h t:l. ,1,J I



inRIFAN tv G levrl  71 MATA DATE • 71,0. 00/02/39 PAGE 001/ 125
C   " (' IF'(811;trittl,1,Jlt .IE. f"1) 5,1(1,1,J)•C.
0'00 1/ CABstIVil,1.J)1 .lr. r/511 FV<1,1,JI•0.
0,01 'F 11.LE·. 1•41 GO 7,1 9.."
O•C- - '  ' rALL ntrTatill,J,1:A,rp.crt.,rxl

0,0, U IAKInEL).Lr.t.'4*rxt fr TO €454
0.0. .9.9 In•gl„,•
CIO. 11: i nic t,.1.J•i t .GT .0..AAO. ER 11, t, J-1 1.Gr .0..,4£.R<Yl l.J I .Nf .OV 1

151 TO 710.
Ca  C e G, 70 9109
C'· C. .'.OA FS„ 1.J,=PY
0.00 rsyll,JI'nY
0, (10 rry< T,J).DY

0, ' C 1100 rnNTiktir
C. 11 lF trpti,1,1,J).0.T.0..8,0.r#11,1-1,JI.GT.C..AND.ZENCI,JI.IE.Oxt GO

0.12 , qi,4.9 0,
0.' I 92OP ZSXCI,JICOX

• 0•'I CA%/ !.J I ..%
·-  ·  -      04, I --' -/' 05xt I,/1.0X

C/'6 9700 (CATZN„F
C, 17 Ir IRSYIr,JI.GY.Dy.8Nl.Vollt,JI.LT. VOLEZ,J)/2.) GO TO 9551
04'e 64 To 155?
0,39 9%51 n<Yll,J),CY
C' 'C /SYII,J)01Y
047  ...'-...  -  ,CY (l,J l.C Y

C&  7 P 9552 tr IZS*(i,J3.67.Ox .ANC.Vallt,JI.LT.VOLI2,Jl/2.3 CO TO S553

---·:···· 0..:  .- -- Gn Tn OSC4
95SS'Zfxtr,J).ox

I O•'• C.*1 1 .JI •DX
0.7, .SX(t,J'•DI

-' O,·77      '--0554'lf IPSY(t,JI'-·6T. 1.74(Yi CO TO 9555
0 ,  69 TO gp.4
04.C .05SK OSY(l,JI=Vrl(r.JISO3/5XHIJ}/ZSXCI,Jl.../.-.
0..C - '- '----'Cgll.JI•'Syll .J')
C' 3 3 OCY<I,JlooSY{t.J)
01 32       _.. _ 454,4.lr  113,1 10 Jl  .GT .  ' .2•r,xl  r,n  TO. gc,7
C... 49    /,1    7 5•1 9

O,,• 0557 Z:XIT.J).vrlit,J)•03/SAPIJ)/OSY(l,J)
04,K (Sxti,JI•Z..11,J)
44 .5*(I,Jl.ZS.11.J)
0437 95*Q ("ITY'JUM
0, .P 15 <CATT,N,f---
Vie ----...--- '11'FiTIME•07
0440 IF CM .EQ. 4001 60 10 1237

- -· ·  42'-'·-·-S'2,7  N  N ,8
04.. *EITND 9
C/<• #e?IF '8.1779' IF,I,Tlve,eT

I.-/<- 0,/5  - -1239 'FORMAT ' tr4.14, F 15.2,Eti•e/1
0'/* 01 1106 J=l.JD
C447 ...___.9 1106 1•1.If.

··-    O, 6 f WqI T F I q,11091"DRifil';31,Full"; f,TJ,-;FV' t'f r fl;Gnr,TI)Y;Fill ,t, JI i
3 TC11 .1, J),PP(1,1, J ),P{1,1. J),9811, 1.JI, IMP'l l, I,J),VOLE 1 0 JI i
Irs*El,J.1,05*11, Jl, Z.Xii,J},C.Syli.J),[SYI 1, Jl,PSY Ii, JI,evll.JI,

- '''-"''S'(JI,F-11,1,JI
0,48 1306 CrATINUE

FnITPAA tv G LFV'L  21 MAIA DATE - 722.Ce 00/02/39 PAGE 0012
--I-.-0,56  ---1106 FeD•,ST (5#1518/1

0.5' ENS FIle 9
0652 12.R ClfITINU.
065 3       ---.     " 0,4   in   8
04 5& ? '  CONT 1 f.uE

.--.0&V . caLL.EXITGIZ.1-    ....   ..___..-    -_
CISe --=--*:

--
STOP

0457 ENo



FORTRAh tv G LEVEL  21 CIRCLE, 0Ale • 72210 11/01/32        '     PACE 0001

126Cccl SUP,tr'llril.F ricCE.ritx,IMI .IC,JC.JP.RA,PMFAAI
0007 Ot,r·1511:.1 0412,1,1,22}.1*:12,137,27),Fvl2,]71,"I,Ft(2,117,271,

IFF(2,117,221, IC{2,1 37,22), 1'1'12.117,22) ,PI 2,11/,22) ,DI'll,137,21 1,
26l:(1,117,27},Ovil,137,2.'t,Gill.111,321,Crit.117.221,7-PI2,137,22.1,
35¥ M 78 ic )11  22„ S „'1 /23, brl il 17.22) .51 422),CI t t22„eVII37.22Ii
4(Sit:,7,221,osxt 137,221,(5,1 1,7,22:,n,yi 137,721,RS ¥1137,221.
515*11)7,221

0003 COMMON DR,lu,FV,rt,fr-,1(,fr.P,fPE.Cl·,Gy,61,(C,1/P,57*.5*P,SYP.VCL,
151.(Pli,H'/,CS*.05*,CSY.[SY,Rf.Y, 15*.Ct.92,03,94,/,1.J

Ccc4 -    01,WNSICN 2118(137:,rFI1371.LIT#Illl,Irlll,
0005 FO=0.CIOOOZ
Ooce J,1.J'.1
Cc C 7 *1'1•1.1
COC. V 1 t•l•l.IC
CCLC FA.1.
Colo ..._.... XIII
00)1 .P•ill-'141'.1,%
00]2 X,=(XI-xlp.1.1.)•Cx
0013 YA•SORTERA••2-IXA/2.251••ll
001. v e = s oq / ( R t • • 2- 1 X 8 / 2 d e l • -2 1

CclE 2 YN.FNIOX
0016 ...  DL"YL-YN .--------

0017 IF iCL .LE. 1.716•CXI GO TC 4
ColE FN,FN•1.
CO'g 60 TO 2
CC2C 4 NFcFN
Ccit J•4"1*NF
(022 W /4 .CT. 21 Cl _TC/222
(023 04 lt,J'COL
C024 CSY(t,J)-YA-YN
C025 iF 41 .EC. IC) CSYII,J)=CX
CO?/ VOLit,J).IDEY:I,JI•CS,(t,J„•Sxe(JI/2.
0027 RSY(I,JI=//AXICCS¥fl,J),Dittl,J3)
0078 .    . _..._ .222 CCBTINUE
0025 CB=Yee.5•CSYCI.JI
0030 00-ixt-xlyl•.SI•OX
0031 IF IM .GT. 2) GC TC 131
0032 Y=YA
C033 117 y.y-ED
CC? 4 . ..__.-_... 1-2.25•SORTIRA••2-)••2)
0035 XI-OA•Y•12.25••23/tY•2.25••2*08-Y,
Cpe IF (ABSIx-xx) .LE.150.IE[I GO TO 118
0037 GO TO 117
00.0 118 T/-(Cl-X)/(CP-y)
0039 AIGL,ATA/(TA)

.' 004( _._'.___.. - DS=SORTICCA-*I••2*(De-nI,28                         1
0041 11,8(,1.ANGL
CC,2 Opi,I.05
0043  . .__. 131 ANGL-ZITAill
0044 OS.Opti)
0045 DM.=2••05*SINIANG L I
0046 --_..  ON=2.•OS•COSIANGL 3
CC41 1 B'1
CC42 JR.J•1
0049 GZ.OA-OM
0050        -   -    GRE:De-ON

FORTRAN tv G LEVEL  21 CIRCLE DAlE • t2210 11/03/32 PAGE 0002

..  _    _._ 0051   _ s  JGaGR/OX
0052 IG•Gl/0 x
00.3 tw.IM1*IG

... __ 0054 . - JW=Jvl•J G
CC55 01=IG
0056 OJ•JG
0057 __ CALL AR E A V I O I . OJ . G Z, CR . O X. 1 W, JW, W 1, & 2 . W 3,2 4 . W S, 6 6, u . W e . 6 9 3
0052 DR 1 1,1 8,JB},Wl
Cc 5s Pil•IB.JBI=w6
CCbC         ...    BBC ,IB,Jal-w7•16.25 .  •CRD/66.25.....,Cal
Coll TCE ,-8,JB)•wa

C 0012 GEI .. 8.Jel•wq
_'.._     Coe 3 FL(10 8,JOI--*3•Sll<2.-/NGLJ•wl•(0547.•ANGLI

Cce* FV41, 8,JO)=-62•SIA/2.•ANGLI-*3•(CS(2.*AACL/
Cots GV(1,· B./81=-*4•Stit2.•ANGLI-WS*CCSIZ.•AAGLI

GUil, 8,23=-*5•SIM(2.•LIGLI•w4•CCS(2.•/ACLI----- 2067 -    -- - PPI.. B.JR)•Plt,te,Jel•Beil,18.Jel••2/25.1328
0068 ZSX 1 .J91.0.

.-. CC£. ASY / .JOI.0.
CC 70 CS. 1 'JB)•00
CC71 05X i 'JB).0.

- (012 -,  ....·-·... CSY 1 .JB).0.      _
(073 OSI 1 IJA).0.
CC74 IF  P .LE. 2) WRITE (6,91 CSXCI,J),DS*(t,J),CS¥11.JI,05¥(I,JI,

...... lt.J,18.JR,iw.JW
CCTS 1 CONTINUE
CC76 9 FORMAi ith i *Flo.5.6143
CO#7 *J,•JHI             ..
C070 CO   5   .1= /Mt ..lf.

CC79 /J.J
CCPC YO,(IJ-*JU *OX
CCP; YC-IXJ-XJP+1. 1•OX
CC92 x0-2.25•SCATERA••2-YC••23
CCEF  . ........-.  *C,2.25*SCAT{RA••2-VC••21
0Ce 4 FN,1.
CCE5 6 WN=FN•Ox
CC86 -.. DL•Xn-XN

./
00 r 7 IF ICL .LE. 1.7le•CNI GO TO 7
0081 FAIFN*1.
CC PS    .      .. _..._      GO  TO   6
CO9C 7 NF.FN
(C91 1•1'1*NF
CC92 If  ti  .GT.  21  GO. 10  224     ....  .  .._..-  _........--CUc, CS*(t.JI•OL
0044 CS*(I,JJ =IC-IN
CO55 VOLit,J )•(OSX<l,J )•CSXil,J ID•S,BIJ)/2.
CCS, IF CJ .EO. JCI VOllt,JI•.5,CSYII,J:•051(i,JI•3;iBIJ'i/6*
IC(7 tsxll,Ji.APA,1(Cl)(I,JI,Clail,Jil
£09. 224 CONTINUE
CC99 08=10*.5•CS*ti,J)
01LC 08'EXJ-XJP"53•OA
01(1 IF  IM  .GT. U  GO TC  122      ..         ....   ............_......_...
C 1 C 2 X.XC
C103 119 xax.[O
0.104 Y,SUATCRA••2-ix/7.251••2)
01CE Y V.A• 08/ CIO A-X)• 2.25••2•* I

r



FORTRAK tv G LEVEL  21 CIRCLE OAIE • 12210 11/03/32 PAGE 0003 127
0- c e IF (ABSIY-VY) .lE.150.•ECI GE 1L

. 120     ...._..       .._.
0 (7 GC TC 119
0 Ce 120 TA•(DA-x}/tro-Y 
0 09 ANGL.,Ta':ITAI       ... .....___......._-.. ..._.--_-
C iC DS SORTICOA-*1•.2-COe-Y,••2,
0 11 1/14/.//•ANGL
0 12 OCUNDS
0 13 132 INGL*/ITAIJI
0 14 CS•OOCJI                 '
C 35 D/,2.•DS•SINC A.l/ . .....pill  ................1.  .       ...../.--......

0 le ON,2.•05•COSCANGLI
0 17 t B. 1.1

C le JB•J
0 19 GZ•nA-OM
0 2C GR•Ce-ON
0 21 1 G =G Z /0 *

0.22 JG•GR/DX
0 23 lw•1/l•i:
0 24 J'.J.1/JG
0 75 Ct=IG
C 26 OJ.JG
0 27 CALL AREAV<Cl,CJ,G ,GR,CX,ll.JW,Wl, 12,1 3.W4.WS,wS,W7.wa,WqI
0 23 CR 11,1 8,JB Mil
C 29 Pll,18,Jel=W6
0 30 8941.IB,JOI.wl•(6.25 *GR,//6.25 •/BL
0 31 Tellit Bidel-*
C 3. GEil,IB,JOI=b9
C 33  ..   ... ..... Fl:11,10,JU)=-61•SIN12.*AA,GL)*62•CCS<2.•A#Gl 
0 34 FV(1,18.38)r-W2•SW 2.*tiGLl-w3*COS(2.•ANGLI
C 35 Gl(1, IB, JB) -A5• S th (2.•aAGL 1*'wl•(CS (2.•BACL j
C 36 Gv{l,IB, 8).-84•S Il<2.•llGL)-WS•CCS (2.•ANGL 1
C 37 Poll,18,Jel=Pil,le,Je;*eell,12.Jel••2/25.13rs
6 38 LSXitb,JOI=O.
C 39 .. ._.._ .RSY(te,J91.0. .
C.0 CSXCIB,39)-0.
C 41 DSXCIO,JB)=0.
C. &2 CS'(18.JB)-0.  ...
C 43 OSYCIO.JBI=O.
0 44 Il- IM.LE. /) WHIlE 46,9) CS*il,JLDSXCI,J),CSY(1,JI,OSYCI,J),

.........._.._. li.JiIA.JB,tw,JW.
£145 5 CCNTINUE
(14* RETURN
0147 ENO-

FORTPAN tv C LEVEL  21 CRTLN CATS - 72710 11/01/31 PEF Con,

0001..   I _.._- SUBROUTINE CNTLN„,F, 11,NY,XMIN.3,A ,„I  .YPAX,CHPX.,CHPN, CAT,
trTICK,ICAS.Lx.LY,LZ,ICEEUG,CR,RSY,FU,FV,TIME,Mt

C002 DIMENSICN Pxil71,P,1171,*Alt(137,22),YAY{137,221,XFX£137,223,
FYPY ( 1 37,22I, F( 137,22 1,0R( 2,137,22 A,k S v i 137,22 ),Ful 2,131,22 3,
2FV42,137,22I

0003 DIMENSION 2(2CO), CNTI 1(3.*CC 43 ACS (4 l, U Il l,LY 42 I .
ILZ<53, APTlll,YPT(23.*Prl(23,¥Prl(23,CNTRI2I,CNTR1(5 .CNTR2
241 

0004 1NTEGER-4 18K(25I
Cccs __.__ EQUIVALENCE CONTR211),CNTR1131)

+ Ccce DATA 18%/25*0 0/,CAIR/'CCNT' ,°OLRS'/,CHft/•  --•;I -  •,
10    ..• ..0 .,

C.. .
C  Z 'S MODE ARRAY
C MODESG MUST eE CALLED IN THE M,IN CALLEIG NIL 11NE

.._.C..F 15 ARRAY OF VALUES
C  NX IS NUMBER OF POINIS IN HCRIZINTAL CIPECTIC 
C  NY IS NUYBER OF POINTS IN VERTICAL OIRECTICA
C.  FOR GOOD PLCTS, NK aAO KY SACULC fE BeCUT 50
c  SMIN,SMAK,IwiN,YMA* SFECIFY LIPITS CF GR10
C  CATMX IS MAXI/U/ VALUE[ CONTCUP
C  CNTMN ES MINIMUM VALUED CIATILR
C' NONT IS NUMBER OF CONTOURS, 11 MCST BE LESS THSA 11
C ITICK=1 PLCT TRK HARKS, OTHERWISE NOT
C  iCRS,1 DRAW LINES FOR i AND ¥.0 AXES, CTEERkISE Arc
C  LA,LY #PE AAIS LIBELS, uP TO P C/ARACTERS
C  LZ IS GRAPI' TITLr UP TC 20 CHARACT[FS
C_ SET IDEBUG.C FOR NORVAL AUNS.  if ICEBLG=l,TCLIINE kill.P.RINT·.CUT
C  Ix,IY,X,Y,A,8.C,D, 1,C „4 PCINTS 11 IS CCING 10 PLOT
C  WHAN OPERATIAG IN EACf GRIC ECX, T, E CCTAERS *NE StOES ARE LAEELLED
C COUNTEM-CLOCKWISE FRCM LOkER LFFT CCRNER AAO 801;CMSICE-1

(C(7 Axx'NA-1
Ccce WY•NY-1
COOC .- .z. _-  YOIS.1.2•aYMAX-YMINIAXMAX-XMINI
Oclo IFINCNT .LE. 10 .#0. BC T .GE. 1160 TC 10
0011 w9iTE16.1ClINCNT
C012 RETURN
0013 10 YEN=0.64 IYDIS
0014 CALL OBJCTG(Z.0.1,C./4.1.3,YEN)
0015 IE,12
Coli ARiTE le.595) IE
OC 17 CALL SUeJEGIL,IMIA.YMIN,1/AX,YMAN)
(Cle l E,/3
CC19 WRITE (d,1<53 IE

C  THIS SETS UP A GRID 2452 RASIERS SQURE At THE LChER LEFT
00.0 0*=XMAX-XMIN .../--*---------.--.-.

0021 OV nyMAI-YMIN
*72 CALL GR/CCit,Cx,OY,0,0/
C023 l E•14
0024 WATTE 44,(011 lE

C CRAWS GOID, M I.A.BELLIBG, NO CRIC LINES
0025 CALL TITLEGI/,Bill,A,ly,20,Lll
00,6 15•15
(C27 · WRITE (6,9991 IE

C     T I Tl F  it;It)vE   1/-  GRID
0028 CALL SEISMCIL,1(4,1.5/



FORTRAA tv G LEVEL  21 CkILN DATE • 72210 1//03/32 PAGE C002 128
00'4 _            _.....-.-
CC3C WAITE 16,999I IE

C  LAOLLS AAES AND liTLES GRID
0931 INITICK .NE. 1180 TC. 1
0032 CALL SETSY{,IL.102..Oll
0033 CALL SETSIGIZ,103,·01 

C  HEIGIT OF TICK MIRKS aeCUT 30 RASTERS
00 34 0*.0*/iNX-71
0035 OY•Cy/(NY-23

CO36 CALL LABELGIL,O,CX,liteK).._........_...__-_-__.     ..._
0017 IE-17
0038 WRITE 16.9991 W
CC39 CALL LABELGIL,1.CY,liteKI . . ....... .....--.-----,-
0040 i E-18
0041 WRITE 46,9991 IE
Cu.2 _. 1..   IF(t CRS .NE. 1160 TO 2
ooz' CALL SETSMGCZ,14,C.)

C  SCALIB; IN SUBJECT SFBCE UNITS
0044 CALL SEGMTGIZ.lix*I ,0.,XMaX,0.D
0045 CalL SECMTGIL,1,0.,YMiN,C..YMAAD

C  .DRAWS CRCSS LINES
004C . .-_.2._  CONTIME
0047 · .OCNT•(CNTPX-CNTMNI/ENCNT-ll
C04E CNT(11•CNTMN
CO49 00 3 1.2.NCNT
Co50 3-' CM,r,•CHit-11•ICNY
00.1 ARITE16,103)(I,CNICI).1-1,NCNTI
005  -   Cbl CBJCTCIL,0.1,(.048.1.33,1.1
(053 IE•19
CO34. wi/TF le,599) le

I                                                   C NWO OOJECT SPACE IS TC RIGIT CF GRIO Wl*EPE 6E WILL LIST CONTOUR
C VALUES. MODE AC. 14 ALPEACY=0 FRCM 8 PBEV 1CLS CALL (SUBJECT SPACE UN/TSf
C  CNNOF IT BACK 10 39 COBJECT SPACE UN1151

CC55 - .  Call SETS/GCZ.14,3.1
C056 IE•20
0057 WRITE (6,999) IE
0058 Call LEGADG(Z.0.1,C.Se,6,'CYCLE•03
(055 IF.21
CC66 WRIfE 16,;99I IE

-_..CC/1 CALL NUMBROIL,0.2,C.98,4,/I
00£2 18,22
0063 WRITE 16,999) IE

......CC64  _ . . _    . CALL LEGNOG(Z,0.3,0.98,6,8,TIME,• 
00. IE,23
CO#e WRITE 16,999I IE
0067 _ CALL NUPPRGEZ,0.4,C.98,-14.6,110£1

---0068 IE-24
cc69 WRITE (6,9993 IE
CC70 CALL LEGNOG{Z,0.1.C.96,8,CATRD-,--*-./

(071 IE=25
C072 WRfTE 16,9993 IE

1-_. 0073 .....__    _._.VY.0.94
C 074 XXO0•1
CC75 00 4 1=1,ACNT

'--'00,1 1  -       -'. :F li I. *:EO: 6, 4.i:O:92

FORTRAN TV G LEVEL :1 CNTLN tATE 9,72210 11/03/32 PAGE 0003

0078    ._--_CALL..FMTSGIZ,1,4,0,1,(NTAtelDI                                                   '
CC79 CALL FMTSGIZ.3,12,3,ChT{I),CNTP23
Ccvo CALL LEGNOGIZ.XX,VY,20,C lft)
0081 XM.XX.0.2-_.-__.---
OCe2 4     CONTINUF
0083 CALL OBJCTGCZ.0.1.0.14,1.3,YENh
(CE4 16.26-.'-1....

CCES WRITE (6.9991 IE
C  RESETS OBJECT SPACE TO SQUARE
C..NOW START WCPK CAtwiIG CCNTOUPS

0(26 CALL SETSMGIZ,14,(.3
OCe7 IE-27
CCE, ..-... WRiTI 46.999) tE
0(09 N,leNI-2
0006 Nyl.NY-2
(Cst 00  5  1.1.ACNT
0052 CALL FMTSGCL.1.1.0,7,-iCHTI
(C93 lcCUNT-O
CCS< · X=*MIN•nx/2.

-C,WHEN :COUNT IS A MULTIPLE CF 10;'PRINT THE--C.Clt'10iR NUVBERkN'THE'CCATOOR-
CCs5 DC 6 ix=2,N*l
.... /__. Y,YMEN•OY/2.
CO97 OC 7 JY-2,NYl
CCSP 00 8 JJ=1,4
OC99 MCCIJJI•0.
0100 8-   "CS,JJ).0.
0101 IFIED[JUG .IC. 1*uniT[(6.104IIX.JY.*.Y

-. 01(7     _._..._ lf(FliA,JY) .EO. CAT<Ill .CCill-1
C103 IF(Fili,JY+11 ..EC. CATCI)) .CC,2'.1
0104 tfle(txit,JY•i) .Et. CNT(I)) MCI(3)•1  '
01 C 5 IFIF{I**1,JYI .EO. CAT(111 MCC(43•1
clCe A.CNICil-Filk.JYI
01/7 8-CNTill-FIIA,JY*13
C,(e  .-- C.(4Ttl)-Flix•1.JY•11 -_
Clc9 D-CNTIjj-Filx•1.JI)
0110 IFCIDEBUG .EU. EI*RiTE16.1CSIA,8.C,0

1 0111 iFil-0 .LT. 0.}MCS<ll-l
0312 IFIA•B .LT. C.)MCS(21,1
0113 IFIB•C ..LT. 0.;MCS(3)01

..    C314   . _,_...._ IFCC,0 .LT. 0.)PC5141.1 -

C THAT IS, IF THE PROCLCT CF TBE DIFFERER E-5-15 AO/+I\;E, Tif
C  TWO ENDS LIE CN UPPOSiTF SIDES OF CNTyll, OR THE LINE INTERSECIS

C._THE GRID BO* SIDE· b,B,Ci,AC D will PE USEC LATER TO-CALCULATE
C  INTERPOLATIONS

Cl 1 5 1 PCC.MCC 11 1 •*CCI 2 1 •uCC *31 •MCC (4 B

Ctle      _.  ._ . IMC.S.MCSilI•/CS(71*MC.S(31•PCS(4I     _._......
0117 IF(IMCC .CF. 3360 TC 7

C  l F MORE TI,IT 2 COPNERS EQUIL TC TME CENTCUR, CONT CRAW ANY LINES tS THIS
C. BOX, BFCAUSE 11 IS AN AREA CF CCASTAAT F

0118 IF<IMCS .NE. 1 .A,D. IFCS .NE. 3)60 TO 9
WA IFIl/CC .AF. 01GC TC 9
Ol 20 WRITC16,100}IMCS

C  THE LC,iC CF THE SITUBTICN /AKES iT CBVICUS THAT THE CONTOUR lINE
C  PAY /NLY IATERSECT AN E VEN AUPPER CF 51[ES, UNLESS IT aLSO INTERSECTS
C  A CCONER

C 121 RETURN
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0,77 9     Wiffs .EQ. 0 •*,0. 19(C .EC. OIGC TO 7   .  ...._-..  ..  .__-- __.-_    .__..        . _-
C  LINE D"r.S'I:llr C.:flt'; 1/15 8Cx, GO CA 1C KEDl

C123 '  1,11•CS .to. 216< TC 11
C  GO To 11 'IF 2 'Sit)ES 1,1(1151:CTEC. lF Tff OPPCSITE CORNER.IS ALSO....__
C  INlERS#CrIC, IGNORE' Il " '

0124 IFIIMCS .EC. 4;00·10'12
C  60 TO STATEL,ENT 12 lF All Fe'lA'Slf'ES IATERSECTIOC

0125 · RF I IHC. .E.J. 1 .AP.0. t/CC .E'. 11{:C TO 13
C  TO 11 IF OAE SICE AAC CAF CIPKEP INTEFSECTEC

0124' IF(IMCC .EC. 11Or k •7 ·¥ -.... -/1-*........

C  l F CNF C,11(NER INTERSfCIED CALP. IGNCRE iT. i T kILL BE PICKED LP
C  IA ANCIi,FR HOx. ;
C  AT Tpls POINT  IA TIE •CCOE, r/CC.2, 4/CE•C, CR lbC COFNERS INTERSECTEO,
C  NO SIDES
C  IF THS'T/0 CIRNERS ARE CIFESITE, 16*CRE 1414 n ltE OTHER TWO
C .CCRNE·PS AKE ON TIE 58/F SIDE CF THF CC TCLR

0127 IFIMCCilt .·EC. MCC*33  ./NE· MCC(21 .EQ. MCC(43)GO TO 71.........
0122 *1•X
0129 Yl=Y , . . . . . . ' . . . . . ' ' . . . . . ,

·Cljo *2,X
Cl 31 V2=Y
Ct?2      .„_ _ IFIMCC113 .EO. 11GC 10 14
0133 l F(MCC( 2 1 .NE . '1 )GC t O' 15 ' '

C134 41 =Y 1 60 Y

0' 3 E Y2=92*Dy·    '
C' 3.

'

X2.*2*0x ..., '.''

Cl 37 GO TO 17 ,    '. ,..., " ' ,

013' ...15. 1#14(0131 ·NE.'11(1 'TU 14' '"''                               t
0139 xl=xl •0*

• 01•C Yl=Yl*OY      ''
01£1 _....... 9.x2*Ox

.....1 " .. ,t, I. '. r 'r «'1, ''I, 1.  I
rit-r-1. ·ir'·r· , · --,rr--rr™rT-T-

0147 GO  TO  17 ..'...
0143         14    IFIMCC(43 .NE. l} 60 10 le
0:44 . -- __.. *2.x2*Ox
01.5 GO TO 17
0146 16 Y2-Y2*DY
C147 .17.- CCNT 1 NUE                                ..           ....... _._.. _.

C
014 e tft:UEBUG .EQ. ilwniTE(6,1(6Ixt.Yl,320,2

i ....-C-
0145 CALL SEGMTGCZ,1.Xl.Yl.12,YZI
01 SC I COUNT= I COUNT*l
C 51 _.._ - IFIiCCUAT .NE. 10)GC 10 7
(152 iCOUNTIC
01/3 CALL LeGNOGIL,Xl,V],1,1CHU
0154  -. .·_.-. GC TO 7

C   HERE  TWO OPPOSITE  CCFAERS  I*AE  A CCHCUR-GCIK-G- TH-*CUGA-TR-EM.
C  TEST IF OT,ER T60 CORNERS BRE ON SAME SIDE CF THE CCNTOUR. IF SO

C...SKEP CUT. T E CCRKEFS AILL EE PICKEC UP IN CTEER. eCXES.
0155         71    IFIMCC(2  .EC. 116£ 10 12
0156 IFIB•D .GT. OIGO TO 7

C  IF CORNERS 2 AND 4 ARE CA WME SIDE CF CCATCUR 60 OUT, OTHERWISE
C  COANECT 1 ANO 3

C 1E1 *l=x
Cl,e V E•Y        ·                             ...                                                                                                                   ---

0159 *2-X.0.

FORTRAN tv G LEVEL  21 CNTLN CATE -'72210 81/03/32 PAGE COOS

Oleo Y 2=YIDY
0161 GO TO 17
0162        72    1 FCA•C .GT. 0)GO TC 7

c__JE 1 AND 3 ON_SAME_SICE.GO OUT, OTIERbISE_CCANECT 2 AND 4
0163 Xi-x
0164 YlsY+OY

- ::I . --....-  ;:::.OX
0161 60 TO 17

C _NOW TAKE IMCS-2,.IMCC-1.C, eUT OCESNI PLAT..1- PART
0168         11     IC.1

/ Clev IFMCSI13 •NE. liGC TC 151
0170              ,... .._ XPTCIOJ.X•DI•A/(FCIX•l.JY)-FlIX,JYI)
C 171 YPTIIC)-Y
C172 10.10•1
0173   .__ _.151 IFIMCS(21 .NE..lIGO TO 161
0174 *PT(IC)=X
0115 YPTEIU).Y•OY•A/t Flll.Jyill-FliX.JY))
0176 10•10.1
Clll IF(IO .SO. 3)GC TI le
0178 161 IFIMCS(31 .NE. 1)GC 10 111
0 1 7 9 ..._...._ APTA 1Ct=x*Ox•2/ifilxil,JYill-Fitx, JY•lI I
0180 YPTIZO)-Y.OY
0181 10.,0.1
Cl /2 lf110 •EC. 3)GC TC 18
0383 171 iFIMCSII, .NE. 1160 10 19
0184 XPT(10),x*Dx
Cle5 YPT ( 10 1. Y *OY- 0/ I F I IX *1, JY 01 1 -F C IX•l, JV 3 I

Olat        18    CONTINUE
C

Cle,
.

IFIIDEBUG .EC. 13WFiTE16,1071(XPTill).YPTilll,11-1,21 -
C

OleA CALL LINESCIZ.2,XPT,YPT)
0109 ...._-- ICOUNT .IC<luNT.1
C 19C IF(ICOUNT .NE. 10IGO TO 7
Clst ICOUNT.0
(192 CALL LEGNOCCZ,XPTill,YPT(13,1,ICITI
0193 GO TO 7
1154 19 wRITE(6,1021
C195 ....    4.  .        GO   T 11   7

C  NOW CASF OF ALL SIDES JNTERSECTED, IPCC•0
flf6 12 DAl=Ox•t/(FAIx•l,JY)-F(Ix.JYI)
(197 rx2=Dx•q/IF 1 1 I.1, J,+11-FI E , , JY,1 1 1

-........... --

01SP Crl.-C<.A/1 Fi ll,JY 4 1 1-F ( tx,JY) 1

0109 O,7-DY•O/{Fil<-1.JI•11-Fllx•l,JY))
...C . NOW TFST NEXT 20* TC <FF WHICH PAIRS TO CCNNECT.

C  IF FIIX,JY•21 AND Flli,JV•ll BRE CN TiE SAME SIDE OF CNT<t ,
C  THEN Cn'iNECT SICES 2 AND 3 Ah[ SIDES 1 OAC 4, ClIERNISE 1-2 AND 3-4.
C  IF JY-2 .Gr. NY. USE Flix-l,J,1 AND Ftix,JYI. IF THEY ARE CA THE SHE  -
C  SIDE OF CAT(11, CCNNECT 1-2,3-4,0TIERWISE 1-4,2-3
C

C 260 IF CJY-2 .GT. N -1} 60 TO RC
C 2 Cl XX,B•(CAT(11-fili.JY,2,1
0202 IF{*I .11. C.).u 10 21
0203 " *PT111..-C.1
OIl. YPT{l)'·Y
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13002(5 *PT,Pl-x                                                                                                          ...  ...  -02(6 ¥Prl23,¥•Cyl
9207 *PTl 1 1 } . *,Ox
C 2 C f

.
VP11(ll·Y•012

0709 *PT/42} .*,Dx 2
C 21C VPT1 12). NOY
C211 CO TO 22

C TFAT C')11':[CTS 1-4,2-3
0712        21    x/Till-XIC,1
0211 YPT(11*Y
C 214 XPTt21•*•CX2
C 215 Y' 712 ) r.¥*CY
C 216 XP Tlill•X
0217 YPTI(1 )=Yinyl
(218 AP 11 123=1*Ox
0219 YP11(21-'Y•DYZ

C-'-'TPAT CO,I„ECTEO 1-2,3-4
(23(         22    CONTINUE

C
0221 IFirCEBUG .FO. liwRITE(6,198)(*PTIrtl,YPTilig,XPTICIrt,YPT11113,

11 14 )3
-#.             -      -- C...- -

0272 CALL SECMTGIZ.2,XPT.YPT.XPlt.YPTII
0223 ICOUNT-ICCUNT*1
0224 IFCICOUNT .NE. 10;GO TO 7
(2 Z 5 ZCCUAT=0
0222 'CALL Le LNULIL,A/lilli,Plill,1 .ill,8
C777 GO TO 7                          •
C22e 20 XX•A•(CATCII-FAIX,JY-ll)
C229 IFIx* .LT. C. 160 10 23
0730 GO TO 21

C  NOW WE TAKE CASE OF CNE Sm MC CNE COSNER
0231         13    xl.*

_.._ _... 0232 ......_-4_*,__. Yl=Y         .....
C233 iFIMCC12) .EC. 1IVI-Yl•CY
C234 IFCMCC13) .EO. 1))1•,1-0x
0235 IFEMCC11) .EO. 11(C TC 24
UZ 36 IF(/CC141 .Ne. 116( TO 24
0237 XI.X•DX

.0238 _.-:.-,..Yl.YIDY  . ._.   ..._
£239 24 IFivCS(11 .AE. 1IGC TO 25
0240 *2-xeD*•A/(FIIX+1,JY)-FliX,JY))
0241 YZ=Y
0242 GO TO 28
0263 25 IF(MCS(21 .NE. 11GC TO 26
C244 __ .__ --_ X2=X
0245 ¥2.Y•DY*A/IFIIX,JV•13-FliX,JYID
0246 GO TO 28
0247 ___._26_... IFIPCSill .NE. PIGC TO 27
0248 X20*+Ox.8/(fliI+1.JY*ll-Frix,JY•13)
0241 YZGY•CY

...-.. (25( GO TO 28
0251 - '-- 2*- 1(2. X+Ox
0252 Y 2.Y +DY• 0/IFI IX +1.JY* 1 1-F C IX• 1.JY) I
C://

_. 8 _ . CONTIN,UE   _...._.

FORTRAN IV 6 L[VIL  21 CNTLA 0*16 -'12210 11/03/32 •AGE rri,

0254 .--- --··JF.1 1DEBUG...EQ._-116RITE(6,1(91 xt, 1,J2,'12.
C

0255 CALL SEGMTGIZ.1.*l,Yl.XZ.YZ)
C256 ...,.*..-.__ ..ZCOUNT-;COUNT•1-
0257 IFCICOUNT .NE. 1)GC TO 7
C25e ICOUNT-0
0259 CALL LEGNOG(Z,xl.,3,1, ICHTI ..1.-
C26C --7-'-'- Y.Y.OY
Clel 6     X,X*OX
0262  .. -..._5 __..CONTINUE
02£3 DO 201 1.2,NXX
C2/4 XF-I
0325 _...__ 00 201 J=2,NYY
(2/E YG,J
02tl XAXII,JJ,XVIA+IXF•2.-3.IICX/2.
0268..__- -__. YAYII,J)=YMIN•(YGI2·-3.I•OY/2.
(2.5 XPX{I,J)**AXil.JI•FU(1,1,JI/0.8E•OBerx
0270 YPY[t,JI=YAY{I,J}•rvit,I,J)/0.8E•08•DY
0271 201 CONTINUE
C272 00 209 1.2,Nxx
0273 00 201 J02,NYY
C 214 __....- IF ERSyll,J) .EC. 0.1 GO TC 2C9
C775 CALL POINTG{l,1.XAxil,JI.YAYIK,Ji 
027e 209 CONTINUE
0277 CALL ASET/Gill
(27€      ·· ····

··
:F=6

CZ Y IRZTE' 16,999) Ie
C 2.C YEN=0.36•YOIS
Oze] CALL OBJCTGEZ,0.1.C.36.1.3,YENI
02,7 iF=9
0261 WRITE 16,999) IE
(284 CALL SUBJEGIZ,XMIA,YMIA,XPAX,YMAXI

. --  #.-.-

oze' /E,2
C2EE ......_.. hRITE 16,999) IE
0227 OX.XMAX-XMIN
02ee CY=YMAX-yliN
(289 CALL GR1OGIZ,OX.OY,0,01          ...  . *-_._,.,._..._.--_.
C290 YE*10
(291 WHTE 46,999) lE
02cq _... CALL TITLEGIL,15,151·DEAStlY SH/CING,8,L¥,0,0 
C293 IE=11
C294 WRZTE 16.999I ie
(2<5 Ox=Ox/INX-21
07',6 CYIOY/iNY-21
U.7 CALL SETS,6(Z,14,0.I
(2ve ....... /E.5
02(' WRITE (6,9991 iE
03(0 00 221 1-2,Nxi
0.01 00 721 J-2,NY¥
C302 IF CISKEI,J) .EC. 0.1 GO TO 221
0/03 EN.ORilit.JI/0.05CCOF-Cl
0104 IF (// .GT. 17) //•17
03(' px'll•*",1.41
03(6 Pilll=YAril,J
0.(7 ..1.1.*8.11/.11
C.(E PY(21-Yarti,JI•01/2.22
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03:' px 3 •*Axit.J 
r., r P¥ 1 dy,ilt,JI-Oy/2.22
03 1 px 4 4*011.J)*OX/2.22

. . .C ' 2 PV 4 •Pyllt'
03 3 PX 5 .P*til·

'                                   03 4 P¥ 5 -PT<21/
03 5 PX 6 •P*t4/
0. 6 F, •. -1•,t)1' '•'
(3 1 P, 7 •/8/1/,J/-01/2.22
03 e PV 7 .P"11
0) 9 PX 8 -t'*< 71
03 0 PY 4 1PY(2l
03 ·1 PX 9 •P*17}
C? 2 PY 1 .Pylll
C) 3 PX 10 -PA<ll•ON/4.6
0324 PY M *PY{ll•DY/4.4
0375 PX 11  ...1/01  ' · ' '
0- 6 PY 11 .PY(li-Dy/4.6
93 7               Px 12 =PX/11-CX/4.6
C? E PY 12 ©PY<101
(3 9 Px 1 1 •Px{ 123

03'0           ..„ PY 13 .Prilll-'-
(3#I t Px 14 .px,4)-D* 4.6
0332 PY 14 =Py(19)
C 3'3 PX 15 -PX(14'
C334 PT 15 •Prilll

9,1: Px 16 •P*171•0*/4:L·.
037/ _ - *9 16 .p'¥1121
C337 PX 17 •PA/161     · "
c„e PY 17 -Pyll)'
0339 __    00 222 NPT=l.NN
C..C · ' Call pot,T:(2,1,PKINFTI;/Y,APT.„r
C341 222 CONTINUE

/.... 0342 ... ._ ...·-_221  C.CNT 1NUE
C343 YEA=0.1•YCIS
0344 CALL OBJCTGIL,Cll,C.161.3,¥END
0,45
0346 WRITE<16,941·ZE) r  : ·  •···     ''-' · -

 · ·-'·--

0347 Oxnx/,AX-XMIN
0346 01•YMAX-Y/IN
(34S - CALL GRIOGIZ,OXiOV,0;Ol
C350 ZE-3

WRITE (6.9991 IE
- -' 03B      ''--- CALL TITLEGIL.8.81•VELCCilY,8.LY,47.471;NOPERIC L-S;OC-K WAVESSiMUL

laTIONS·AT COLUMBN' I''  "
-__ /3/3 -__ IE•*

0354 WRITE '46,#41 YE
0355 DX.OX/INX-21
C356              09•DY/CAY-2)
C)51 CALL SETSMAL,30.C.93
0358 IE-7

*RITF '6,:991 le
0360 00 112 102,Nx,
03,1 DO 312 J=2.NI' ·1• IY -' 1.rit..'.1.1,

03(2 IF IRSYII•JI .FO. a.l GC 1 C 312
-'--  03 1 3 CALL SEGMTGEZ,liXAMit,JI,YAY<l,JI,NPACI,JI,YPYIi,JFD

FORTRAN tv 6 LEVEL 21 CNTLN 0Ale . 1/210 11/03/3, PACE 0000

(364  . . . . _ CALL PO1NTGEZ,1,11/X.ti,J ,VWII.JIB
0365 iii'CONTINUE
0366  '           CaLL PAGEGIZ,0,1,13

..03,7 - _ . _ . _ . .1_1_/E=230
0368 WRITE 46.4SHI lF
0369 CALL RSETMGEZ D
0370

''- w  TE I6.999 l IE   -  -0371
C372 RETURN
(373 100. FORMAT C •OEPACR, IKS• •,123
0374 101 FORMATI4OERROR.NCNT- 0.153
C375 102 FORMATE•OEBRIP. 1/CS.2,eUT LESS TNII Ne PCS •103

0376 103 FIRIAT(•ot•,lax.•CH<11'/(15,5*,1412.3)I
0377 104  FOPMATI'OIX= e *15, ' Jys 0,15/• X. '.1PEt£.3,  V."•,lpEii-.31

(37£ 105 FOPMAT<•08- •,1/El2.3,4 e. •,1 FE12.3,• C• 0,1PE12.3,' C. *,1PE 12.33

1D

0375          i06 -'  Fn.R,MAT(002 CCRNERS•/' )11.  'ilPE12.3,• ¥ • 6,1PEll.3,6-1I2• ' ilPE12.
13,• Y:= 8,]PE 12•31

CEEC 107 FORMAT< '02 510.ES*/0 1,1 0.1Cx:YPI•/11PZE12.33)

C3 el 108   FOPMATE'OFCUR SICES'/I XPT'.lox,•YPT•,loli'*Prli,10*,IYPT10/

tElP4Fl2.3 H
0382 109 FORMATC•OONE Slot.CAE CCRAER'/0 111..'.,1PE12.3. .-yl•.-LitP.E12.3,

18 *2. 8,1 FE12.3,• YZC 8.1PEI2.31
0323 999 FORMAT (lf. i,lES.,143
0384 END                          - -.... -·.--·-·---·---
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„61  00011 32

0001 SUPROUTili- DIVirrIC)(.CY.FK,FA.f·V.JP.Jl.IS,tE.IX.JI,t(I
000. DIMI,151("l [1'(2,117,22),r-U,2.1?7,271 .Fht7,137,221.FIC/,157.723,

1 F [ 4 2,13 7,22 1, T C 4 2,1 3 7 . 7 2 I .111,1 2.1 3 7.2 2 1, P 1 2,1 3 7,2 2 I , 91: 1 2,1 ' 1.27 I ,
76Uit,137,721,1:vil ,137,22 1,Gill,137,27I,r.Fit.137,221, 1/,17,137,27I,
3SY H 22   . 5/1' ( 22 I , S Ir ( 22 1.VLL 1 1 3 /, 27 1,1 1 4 2 2 I.C P F 4 22 I .Ovt 1 3 7.22 I .
4C S*( 1 37,221 ,1,5 A l 1 37,22 1.CS¥ 1 137,22 1,CSY 4137,22 1.RSY * 137,22 I,
4/5/4137,221

COO) C('P,IN ,R,l,J.Fv. f I.ff.TC.PP,P,Po.CL.Gv„I,GF.Twrj, 5,A.5118.SYA,VOL.
1St .C./8.nv.CS*.DSM .Cl¥,nll,PSY, ES*.Cl,C2.93,94./,1,J

CO04 DC 744 J.Jtt.JE
--- -...

COCS DC 744 1•IS,lE
COC6 iF IZSAil.JI.FO.0..ANC.ASYII,JI.EC.0.1 GC TC 744
0007 iF IRSY(I,JI.[0.01.ANC.LSXCZ.J .EC.DJI.AND.VOLIi,JI.EO.VOLIZ.JDI -_--

1 60 TO 744
Cccp L.0
oc09 VY•O.

-------

CC1C 42,0.
0011 IF CORil,1-1,JI .EC. C.1 L•-1
0012 IF (CR/1,1-1,J) .EC. O.D L••1

-I-......-.

0023 IF IL .EC. C  GO IC 744
0014 IF 115*tr,J) .CT. 1.5•CE .AND. Valll.JI .61. VOLIZ,JI .AAD.

tvOLIA,JI .GT. 1.4•RSVit,JI•SYM(Ji) CC TO 76l
0015 IF CASYII-L,Jill .Gl. 1.5•CA .AAO. *Clit-l.J•13 .CE.-VCLIZ.Jill

1.AND. VOLEI-L,J•11 .GT. 1.4*ZSX(l-l,J•11•SM(J•1// GO 10 762
00]e 1% IRSY(t-L,J-1) .GT. 1.5•Cx .AAC. VOLII-L,J-ll .CE. VOL(2.4-11 _

1.ANO. valit-L,J-ll .GT. 1.4•LS*it-l,J-13•5¥2(J-1)) GO TC 762
CC17 GC TO 744
CCIF 762 CONT,Nlir
0019 IF IlSxil,JI .GT. CX .AND. VOLIt,J3 .GT. RE lt,JI•SYBIJII GC TC861
COZC GC TC 744
0021 161 IF (2411.J•11.GT.1.5•CLCR.ZExil,J-13.01.1.5•Ix  (C TC 821
0022 IF in'll,I-L,J•ll.EC.C..ANC.CRil,1-l,J-1).EC.0.3 GO 10 744
CC23 861 CCATINUE
CO 24 ..._ ..... ..   vx.VOLCI,J)-REYII,JI•EYEIJ)
00:5 IF tvOLII-l,Joll .GT. 25.Ht-L,J•11•1YBIJ•13 .AAD. RSVit-L,J+13

1.Gr. DYI PY=*CLit-L,J•ll-ZSX{t-L,J•13•SY)(Jill
0026 .*_. Ic (VOLIT-L,-1-1) .Gl. ZE,11-l.J-11-SYEIJ-11 .AAC. RSYC1-L.J-1 

1.GT. oy) Il-VOLE 1-L,J-ll-ZSICI-L,J-11•SVe(J-ll
27 vol 1-L,J)=V**by+Vt
20 ..._-._.._IF Vy.FO.0..AND.Vl.EQ.C.  GO TC .fEt.
29              GC -0 882
30           881 05X 1-l.JI=CSXCI,JI-OX
31               CSI 1-L.JJ=CS,11.J)-OX
32              ZSX 1-L,J)=A/lxl<[SIII-l,J),CSXCI-L,JII
33               GO '0 Sel
4    ___882 IF VY.GT.0..AND.Vi.EQ.C.3 GC Te_e,3
31 GC 0 884
H          883 CS* 1-L,JICZSHI-L.J•ll
37  .. _.. 05X 1-L,JI•ZSXCI-L,J•l)
38              25* 1-L,JI.ZSK{K-l.J.1,
39               VOL 1-L,Jill=VOLiI-L.Jill-VY
40 OSY 1-L.Jill=CY
41              CSY 1-L,J,1).OY
42 RSY I-L.J•11=CY
41 CS* 1-L.J•11=LSICI-L.J•13
44 oSI 1-L.J•11•ZSxll-L,J•ll

FORTRAN tv G LEVEL 21 CIVIOE CATE - >12210 11/03/32 PAGE 0002

..._. 00'.5 ..... _/ 60 -0 961
0046 884 IF  VY.EO.O..AND.VZ.GY.0.  GO 70 115
CC. 7 GO ' 0 e86
0048 .___885.CSN -L,J)•ZSxlt-l,J-11
0049 05X -1.JI•ZSICI-L.J-1 3
C050 ZSX -L.J .LSXCI-l,J-13
0051 - ___ VOL -L,J-11-VOLit-L,J-1)-VZ
CC52 CSY -L,J-11.0¥
0053 DSY -L.J-1 I.Oy
0054 ._.._.... RSY -L.J-13=OY
OC55 CSX -L,J-11=25*11-L.J-1 I

r cose OSX -L,J-11•ZSACI-L,J-13
·._ 0057 GO -0 981

0098       - '  886 IF  vY. GT.0..ANO.Vt.GT.O. i GC TO 887
ocsq GO -11 981

.. CC60 __.._887 ZSI -l,J)•ICLIt-l,J)/SYEIJ)
Ojel CSX -l,JICIS'lt-L,JI
OC62 OSX -L .J 3=ZSXI 1-l .J 1

CC63   - .-__.- RSY -L,J*11=OY
004 CSY -L.Jill=CY
0:/5 CSY -L,J*l NOY
Ccle

. -....   VOL  -L,J•lluvOLil-L,Jil)-VY
CC.7 CSY  =L,J-ll•DY
cc e RSY -L.J-1),DY
CC.S ........ CSY -l..»11.0,
OG*C VOL -L,J-11=VOL< 1-L,4-11-VZ     -  -'------
C071 CSX -L.J•11-15*it-L.J•1/
0(73

P. . . . 0 5* -l,J,ll.ZSX(t-L,J•11
0077 CSX -L,J-1 NZSX{I-l,J-1)
C 014 OSX -L,9-11-ZS*11-l.J-1/              i
OC75 981 CON  HUE
CC 76 CSY . Jl•PS Yll,J)                                                     '

I 0077 OSY .J).RSYll.JI
CO'B .._..._... VOL IJ),VOLII,J)-VX._
CC7< OSI .J).0.
Cceo CSX IJ)'DX
0041 ._. ZSX ,J'.OX
CC02 RSY -L,JI•ICLII-L.JI•CX/ZS*(t-ZE.JI/SXetJI
coe, CSY -L,J)-RSVII-l,J 

.· COP. .,_,...._ OSY -L,J)CRSYCI-L,J/
Cces DRI .1-1.JI•DRil .1.JI•VX•CP11.1-1.3•1;•VV•thil-,-1-l.J-lg'•Vt
coeb 881·,1-L,JI.£811,1.J)•VX•eell.I-l,J.1,•4,•Sve,J}/SYBIJ•11•

1801 .,1 -l i J-1 1 •l l • < Y E <J, /S¥el J-l l
CON FEI  .1-l,JI.CA(1,1,Ji•vx•FE{lit,J)*CR<lit-L,Jill•VY•FECt,1-L,Jill

1*CA 1.1-L.J-11•vt FE(1,1-L.J-11
(CFP _ FUA ,1-L,Jl.Cill, ,J}•Vx•/Lil,1,JI•CRil,1-l,J•11•VY•FU(1,1-L,Jill

1*OR 1.1-L,J-1)•vl Flil,i-l,J-ll
CCE9 FVI .1-l,J)=CK(1, .J)•VX•FV(1.1,JI•OR(lit-L,J•ll•*l•FPIl,1-liJ•lB

1*OP 1,1-l,J-11•vt rvil,1-l,J-ll
OC.0 FEE .i-l.J)-Flit, -L.J /CRil.I-L,JI
cc93 FUC ,1-1.,JI=FIJAI, -L,JI//911,1-L,JI
CC.7 PVC·it-L,J) AFVI 1 0 -1.,J)/[4 (lit-L,JD
CC.,3 CRi.,1-L,JI,CRit, -L,J /Prlit-l,JI
0/54 094 .1-L,JI,LE(l, -l,J)/VCLIZ-l,JJ
CC ' Fill,1-L.JI.Frit, -l,JI-.'•(rull.1-L,Jj••2•F#11,1-L.JI**2I    _.
0(91 Tcil,1-L,JI•(FI•F.•fill,1-l,JI/Cvl••.5
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CCV, 1'11,1-L.JI-(FK-1.1•r.u/1.1-1,.11*/111,1-L.JI       ...       .._...·····-
CC 9P PPil,t-L,JI•Pil.1-L,JI•FPII,1-l,JI••2/25.1328

CC'19 T.Pit,1-L,JI.Fill,1-L,J 1/Cv
llc      .._. ..It-1,41.0.                                                                           ......... ---

Olcl St(JI.St'J'-1.
0,(7 744 Cnw INUE
01(1 ... OC 748 J-JU,Jt                       ·- ·--·--··   ··------
01(4 DO 748 1,15,18
01£5 ;F ILS*{t,JI.EQ.0..ANC.RSYC I.JB.EO.C.  GO 10 740

0102      ... . IF IRSyll,JI.EQ.DX.AAO.,15*11,JI.EO.Clt./NC.VULCI.J).EQ.VOLIZ.J31._-_...

1 GO TO 748
. 01(7 lIU

Cl C P 1F COR(1,1,Jili .EC. 0.1 l--1

0109 f Imil,I,J-ll .EC. 0.3 La-1
C11C if (L .EY. 03 GO TC 748

...... 011) „...._..._ IF IRSYCK,JI .GT. 1.5•CY .AND. VCLII,J) .CE. VILIZ,JI..#NO.
tvOLII,JI .Gr. 1.4•LS)li,J}•SYBIJI) GO TO 113

0 2 GC TO 74
0  3       _  -763 IF IRS¥11*1.J) .GT. 1.5-0, .CA.  Psyll-1..) .Gl. 1.5

•0,1 GO TO.764

0 4 IF CORit,1,1,J-LI.[C.0..ANO.ORilit-1,J-LI.EQ.0.) GO TO 748

C 1 764 CONTINLF
0  ,  . ..__. CS*Il,J-ll.ZS*(I.JI -I... -. .- *-----I

C 7 OSXCI.J-L/•15*(t.J 
1 On ZSX(l.J-Ll•ZS,ti.JI

0    1 9 ..-'_-_ VOL ( i, J-L I oVCL 1 1, J 1-Ze *4 1, J ) •SYB I J I --.--.

f: 20 R SY I t ..1-1 leVEl i t, 4-l l •CM/$*Rt J-41/ZSX 11, J-L j
1 0 21 CSYII,J-LI•RS)(i,J-LI

0 /2  .. __... CS¥(I,J-L)=ASYCI,J-L N

0 3 VOL(i,JI.ZSXIi,JI•SYBIJI
D C .· C S Y 11.JI-0-                            '

C  5 .... OSY,1.Jl•C
c e RS¥il,J).n·

1 07 CS'll,JI.2 .(t,J'
0 e .....__ .05*1/,JI.Z X11,JI
C 29 FE(lit,J-t =FEilit,J)

1 0 30 FUll.1,J-L -FU(1.1,Jj
0 31 ,...__  F 91,1.4-l •Fvil,I.JI

#. I .- C )2 Fill,I,J-L •Fill,I,J,
D         e 33 DAilit,J-L =C,(1,1,J 

TC<1.t,J-l STCCI,I,JI
  :,    -

-----
P ll,I,J-L - Pil,l,J)

D         C 36 Seil,i,J-L..Beit,l,J)•SYBIJ-LI/SYelJI
C 37 Pplt.1.J-L:.Pcl, I ..»L)*eect.1. J-LD••2/25.1328

0 38 TM/11,1,J-LI=TMP(1,1,J)

D         0 31 8411,J-LD•O.
04(.        _ . . S TW-L 1 -Sit.-L/-1.
C 41 748 COATINUE

D         0 42 RETURN

..- -. 0 43.....,___...END    _.. _._-.__._

D
.---- - -....

D

D

/0*TRAh 19 0 LevEl  21 01$,Ah EATE . 72210 11/03/32 P/GE Cool

0001 .._. SueROUTINE DISTANCI,J,CA,Ce,DEL,OX3      ....
0002 eA•S.
CC03 U-1.
0004 ._._._ xtvt-92·
Crcs .JP.2.
Ccce n.1
OOC7 XJ•J *-/  0--'.-

CCce DA-EXI-xiwl*.5)'0x
CO09 OB. Ix-XJ/•.5,•OX
Ccl C        . ._. 088-SORTICA••2*CE••21
0011 ZN,ATAMO:/CBI
0012 OS•RA•SCAT<u/CCOSIM )••24(SINCZNI/2.251••2 H

0013 .._. DEL=CAB-DS
0014 RETURN
0015 ENC

L -



*1101•44 tv C trvil  I·,               W tr,1,1 PAT 1 - 7:171 1171//47 BACE 0001 134
-....-.............-... -.

0001 SU'i"flITI<.r. Rlr,lIT<fly,f#(,1:t,(:V,IW.rt'r.·,113

0002 ul,LI·:1(N 1,/13,1,7.,21,1:JI.'.1,7,721,11(.,13/,// l,ill?,147,221*
····-· 1Ht.12.l'/,221,1({.8,11/,2.31,1·1't/,al/,2.'),1,1.:,13/,2.'1,·MIL,lj/,;:21,

21#N 1.13/.721,GIll,1 37,2.,1,(:1(1,1.7,&21.,•1 11,11/..•3),IM/i2,tj7,22 .
)SY,11 27) .5.Mt .21,SY·,1 2.'j.vilt 1 1,7,221,9 11.':' i ,(.i':14 2.' } ,trvi 11 1,/2 1,

.: 4<.SX{117,3,1,05*1137,22),CSYll#7,221,1)4911.07,223,icS¥Il.1 ,24,    ..._
5/3/1137.271

On/3 Cr.·49(N (·0..ril,FV,Fl,rf,TC,14',P,118./U,GV.:1,02.IMP,SY,·,SKI ,SYRI,VOL,
_  . ._       -.  151,(.1,13,•iv,r.SI,0<*,(-SY,I)SY,i'SY, LS#,;1,02,01),W··,illit,J
0004 L.0
0005 . tr (15*11-1,JI.GT..IE-021 L.-1
.0006. ...-  IF  Izsxll*l,.It.Gr..tr-021 L•,1 _.         ... _.__ ........    ...._........
0007 tr Il .10. 01 0:1 TO 1
0.11). IF (il•LI .CT. IW) 110 TO 1
0009.
0010 ..0
0011 IF lf//1,1,J*t) .FO. 0.) K=-1
0012_..      .._.·IF trI'(lit,J-l) .EC. 0.1 K .*1
0013 IF CK .FO. 0 .OR. (i,Ril.1.J•11.r·C. 0..Al,9.UM(1.i.J-13.EO.J.I I GO

1  71  2

0014_ ...... IF (RSY{ f,JI.07.25Yllit,J}.AND. ZSX{I•L,J-KI.OT.0..AND.Vt}Lit,J)
1.GT.R,Syll•l,J)-{CSXII.J)*1)5*41.J}1-5/· (J}/DY/2.) VS.VOLit,J)-
2k S Y 1 1 • L . J j c I C S X < 1 0 J } * D S I I I . J ) 1 * S X [ I J } / 1,Y / 2 .

0015._. -....    VOL (1   4 3 =V Ill 1 1.J) -V S  .            . .   ....                  . . . -  ..  ··-·

0016 2  Crt:T l ·Uf:

0017 f U< 1 . *l..J}=(Vrell ,J)•DRIL,1 *J)+Full,I ,Jl.Vr:til *L,J)*
trill. •L,JI=Fl,(1,1 +L,J)1/(V/lil ,J)*V: ,LCI *L,J))

0018 FV(1. -L.JI,(VOLCI .JI•ORII,1 ,J)*FVII,1 .J}+VCLIt +L,J)*
/DR,1. *l.J}*FV11,1 -l,J)}/(VC.lit ,J)•VULLI .L./H

.001_ ..Frti, *l.J).Ive.LIT ,J),00(1,1 ,J),FEIL,1 ,J)*VCICI *L.J)•
10Rlt. *L,JI'·Frit,1 *L,Jil/(Vrl(t ,JI,valti *l.J})

0020 DR<1. *t.J)=tv'lltl. .J)*Cull,1 .J)*VaLII *L,J)•D,(il,i •L,J))
1/(VC.L I,J)*VOL.1!IL,JI)    ' . ..     ...... .....   ... ...

0021 BBil, +I,J)=(Vill.{1 ,J)*9011,1 .JN*VOL(1 +L,J)'Bitl,1 +L,Jll
1/IVOL I.J)*VT.litiL,JI)

______0022 .. _FU( , *L,JI..#wil,t•l,JI/fwil,I*L,J) .  ....
0023· FV< , *l,Jiacvft,1*1...11/FRII,1*1...11
0024 FEI  . •l.J).F/Il,I•L.JI/DRC1,1*L,JI
-0025 __Fit ., •l,JI=FE(1,1*L,J)-.5•(Flt{1.1*L,JI=. 2*F.VIt.it•.L,JI••21
0026 TCI  , *l.JI.(FK•Fk,Flil,I*l,JI/CV)".5
0027 P i , *l,Jl=IFK-1.1,0*11.1•l.J)*Fill,1*L,JI

_0029__-_- _PPI  *l,JI•P 11,1*L,J)*8811,1+L,JI'*2/25.1321_,
0029 TMPit.|il.J3=6111.1*L,JJ/CV
0030 V/.LCI+l,J)-InLCI.JI+VOL(I+L.JI
.n., 75X (1•l i J).:VOL(1*l,J)*PY/SYPI JJ./ASY<Iil.Jl
0032 C SX I i i L . J I =ZS, i i i L, J 1

0033 DSXCI•l.J)=ZSXII•L,JI
0034_ . ..St{J/05/(JI/1.
0035 IF tvS .LC. 0. .00. K .EO. 01 61 10 11
0036 FUE  .1 +L.J-K) .(VS•01(1,1,J)*FUllit,J)+VOLE[*l,J-KI•OR(l,I•L,J-K)

I•FU 1,1.L,J-KI)/ivlilll•L,J-/1*VS;
0017 Fvt .Iii,J-KI.IVS•DRIl,I,JI•Fvil,i,JI•Vr: 11•·L.,1-01*DRIT;i«,J-KI

1•tv 1,1,1.J-KI)/,VCLit.L.J-KI+.St
0038

. FFi ,1-L,J-KI.(VS.00(1.1.JI•Ffll.1.JI+VOLCI+L.,J=11.OR(1.,tti,J-KI
i•FE 1.1.L.J-K)1/(VOLCI+L,J-KI+VSI

0039 ORI  01*l.J-K)=(VS=0911,1.J)+VOL<1*L.J-K)•DRil,1*L.J-K)1/

FORTRAN IV G LFVEL  19 R1GHT DATE • 72173 19/11/47 PAGE 0002
RIVALII•l.J-K,•VS)

0040 0911,1*L.J-KI•(VS•PS(l.I.JI•SXBIJ-K )/SXHIJ) +VOL 11*L. J-KI•
,„.,1.'.L ./-K))/EVOLAI*L,J-K)*VS}. ...00.1 FIl l .1 *L, J-K ) .FUI 1,1 +L, J-KI /OR ( 1,1 *l i J-k i

0042 Bvil,1*l.J-KI•Fvlt.I•L.J-KI/OPll.1*L,J-KIIn.. · FE<1,1,1.,J-KI=FEItil*L,J-KI/0/Il,I *L,J-k) _- -... .-0044 F 111.1 •L,J-/1,FEC 1.1 •L. J-KA-*5•( FC( 1,1 -L, J-K)'•205 9 1,1 *L,J-K/•*2)0045 T C 1 1 .1 • l . J - K ) 9 1 F K • F P- F K i l, 1 + L, J - K ) / C V ) • 6 . 5lilI Pile I*L,J-'I• IFK-1. 1,31 (1,1 *L,J-K )•Fill,1 -L.J-K).0047 P/(101*l.J-/3,7(1.1*l,J-K)+ER<1,1-l,J-K)•, L/25.13260048 TMP(1,1-L,J-KILF!{1.1*L.J-K)/CV
0049 VOLI 1*l,J-K )=vCLA til,J-K)*vS___._0050 15*1 1•L,J-KI=Vrl(I •l,J-K )•Dy/SX91 J-KI/RS¥(1*L.J-KI
0051 CSX(I•L.J-K)'LSX(1*L.J-K)
0057 .05*11.it,J-T)=ZSX(til,J-z-KI
0053 11 CALL VACUUIIRMEAN.OYI
0054 1 RETURN
...4 EAD
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0001 511*'.Vt,1 INF  111't'rl, i,:x,11[,11*.CV, Jlt,Jr,/511.1'., I

0002 (,1·liA<11'/ 00(7,/1/.·:.71,FU/2,1-1/,2.,1,1//2,137.221,1 U2,137,;21,
.___...._.-.     .. JI i<2.137,22),Tlt..13/.12),pri:,13/,22),1'42,137,221,1·:U 2.1.37,121. ...-....

21:IICi,1 )7.22 3,1.vIi,1 0/,26),1,1 tl,117,2 le:;1.11.137,2:),19/12,1 37,223,
.

3SYA(771.<*11122), SYN122),vt'LJ 137,2/),5 11.·2 ),Ct·0422 ) ,tivtljl,22I.
44(117,221,11;X(13/,i'ZI,Csyit)7,221,1,5,(137,221,1,5¥4137,221,    ....
SZ5xt 117,221

0003 (I:WIN Ill.1·11,rv.,·I,if,Tr.,/P,/, fIA,CU,Ov,GI,Gi.,TMP,S'r,1.SK),SYB,VOL,

3494 l.0
0005 IF IRSY<l,J-1).61..lf-021 I."t
0006 ..  IF (PSYII,J.11.(:T..If-HZ) L•-1_........
0007 IF  Il  .[9. 01  6 1 li)  L
000. IF (iJ•LI .Gr. Jc) r.11 To 1
.0009.- IF  tiJILI  .Lr.  J,4, GO.TO.1..._.-_ ....
0010 VS.0.
0011 K•0

.0012_. ··  IF toR(1,1.1.J)..FO. 0.) K--1
Oot3 IF 11:Rtl,1-1.J) .ro. 0.1 K=•1
0014 IF: CK ..Q. 0 .01.. (1 R<1,1*1,Jl.EC.0..t,·:u.I,Ril,1-1.J).EU.0.)IGO 702
0011___ -.. iF (254 1,JI.CT.£5*11,JIL).AP'n. PtY(1-K,Jit.).GT.O../IND.VOLI.1,J}

1.1,1.ZSXil,J+LI'-IC.SYll,JAIDSY(I,J))•fil)(JI/UX/2.3 VS,VJL(I,J)-
1£5Xl 1, JIL)-IC'.Yll,JlinS,(I.JI},SIPI /1/1'./2.

0916._ . _  Vt)L{ I  J)=Vt'LIt.JI-VS

• 0017 2 CnNT /:·Ur
0018 Full, ,Jil.)CIVILit,/1,npil,I,J)*Fl,Il,I,J)+VOLCI,J+LI*DRil,t,J+LI

1 •F/1 .1,/•L)1/tvr'llt,J)*Vel(i,J•Li)
0019 FV(1, •J•Lk(VOL,1.JI•9011.1.J)•rvt,.1./1*V-CLit,J'•Li'.DRit,-1.j•C 

1 •Fvt .t,J+Lll/(VrL(t, J }*VALLI,Jit )1
-0020 ....FE(1, ,J*t.1.(VOLIT,.11'0011,1,JI.Ft·.11,1.J)+V.CLIti.J+L.1.,081.1,6.JIL)

1 1FEC .1,J,Lil/IVellt,J)*Vrt It,J+L))
0021 Mll. •J+L)=(Vr'LAI,J)•OR(l,i,J)*VILIE,Jil)*D:(1,1,/•lIt/

livCI 1 .JI•VCI.It.J•,11                            __.
007, BUi . .J+LI={VOLII,J)*SABIJ*L 1/Ski: I JI• ,·4 i, i. 41•Vol-1 6 4 •i,•

1891 . .J•{11/IVOL(t.JI•VOL(1.J•L)1
00,1 FUI ., ,J+Il=/Ull,I,J•L)/OP(1,1,Jill
0074 FVC . ..Ill=FIll.1./•Ll/DRAI.I.J•Ll
0025 FE1 0 .J•LI,FEit.1.J+L)/02(1,1.J•l I
.0026 Fit , .J•11.Flill,t,JILI-.50·(Fullil,Jil)••2*FY(1.LI,Jil)•'21
0027 Tri . ,J•LI•(F:•FR-Ft(1.1.J•Lt/Cv)•*.5
0029 P C , *J*L)=tri-1.1•OR(1,1,J*LI*FIll,I,J*LI
anig PPI .. 'Jll'op 11. i , J.L)*118(1,1.,J..L 13•2/25.1328
0030 TMP 1.1.J*L =Fill.t,J•L)/Cv
0331 VOL i.J•LI.Valli.JI•VOLII,Jil)
nal, PSY 1, Jill.V(LiI,JIL)'0*/SY.F.(Jjl- /Z3*(1,J+LI
0033 CSY 1.Jill,OSYLI,J *L)
0034 DSY 1.J•LI=DSYII,J*L)

-034 St. 1 '.1.=St/J/,1. _.....--_.._._..__......__._.
0036            IF  vS .lE. 0. .,'R. K .ED. 03 Gn 1,  Ll
00,7 FUI .1-4.Jill,IVS•00(1,1,J)•Full,1.J)*VI;LEI-K,JILI•ORilit-K,JILI

1•rO  1,1-K,JILI)/lvilit-K,Jill,V;l    _         _.._--_
0038 Fvt .1-K,Jil)=1·45•00.(1,1,J}-FV<1,1,J)+Vill.(I-K,J+L3'DRil,I-K,JILI

1•FV 1,1-K,JIL}1/1$01.il-K,J•t)*VS)
___-30'19 F E.1. ..,1. K i.J I L ) .= ( V S • DR.( 1, 1., J } f F F 1.1.,1 i,J I.j vt'L l.1 :15,-J *,L I ' O R K l i t -K, JIL I

1*FE 1,1-K.J+L))/(InLII-11.J•LI+VS)
0040 DRI .1-K.J+LI.(VS•0411.1,91*VOLil-K,JILI•U,lil,I-K,J•LID/

FOBTRAN IV G LEVEL  19 UPPER DATE • 72173 19/11/47 PAGE 0002

REVOLIX-K.JILI•VS}
004' BA< 1. 1 -K .J •L I CI VS 'RE 1 1,1, JI • SX PI J •L I/ SXH i JI * VOL I 1- Ki J+L I•

2RB/1.1-.li,J*LI)/tvOLit-*,J*l·)*VS) ........
0042 ·FU( 1.1-K,JIL) =FU(1,1-K,JIL)/OR 1 1.1-K, J.L I
0043 FV<1,1-K,JIL)*FV(l,1-K,Jilj/BRIi,I-K,JIL)

-0.44 . FEll,1-K,J,ll"F'(1,1-K,J•l)/1)911,1-K,Jell
0045 F / 11,1 -K . J *l I •F F / 1. 1 -K, J •L ) - . 5 * ( FL 11,1 -/, J•L I *• 2*F VC li t -K,J•L ) * *2 )

0046 1/11,1-/, J•13=18•FR•Ft /1.1-/,J+L)/CV I':•.5
nn47 Pil, T-K,JIL)=(F:-1.)•0011·,1-K,J+LI*Flit,1-K,J•L)
0048 PPIl,1-K.J*L)=Pil,1-K.J•LI•98(1.1-W,J*LI••2/25.1328
0049 iMP 4 1• 1-K.Jill=Fill, 1-K.JILI/C V
no n VOL( 1-K,J+I.I=Vt'Lit-K,JILI•VS.._..._-__.._
0051 RSYi 1-K, J+L I=Vr.L I T-K,JIL )•DX/SX9 ( JIL )/ZS* t i-K,J+L 3
0052 CSY<l-K,J*Ll=QSVIC-K,J+L3
0053 . Psyll-KIJ+LI=RSYCI-K,Jill
0054 11 CALL VACUU/IRMEAN,OX)
0055 1 RETUIN
00.4 FND

*
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01.1 St;NCUTil:'· li.ANrp f r*.1IY.l T,JIt,.1F,IF,rr';1,15,F#·1 AtJ, lw.JMI

0902 Dil'l51'11# 11(/. t.1/ ./4') ,1 „1/.11/, 7/1 .,Vf/,t.1/ *,·21,1112, 117,2/ 1,
.lf[12,137.'21,1012.13V,221,1'1'12,137,2:1,1'12,1.5/,2*:1,11012,117,221,. ....,.'-_
708 1.177*'2),r.Vll,131,7/1.1:1 11.Ill, 12),1.1.41,1.4/..'21,141'lf.Ii/.22'b,
3SY/11 22 3, flit(2.'),SYI:(22),Vit.(1 3 1,22),Cil2.2 3,(.1·'11.':I *11Vt 137,223,

- .....  4CS*1137,231,05*1137.321.CSY(137,2.'1,0411362?1,1,5¥1137,231,
5/3,1 137,221

0003 (-/Mvrk ll,Fil,FV,Fl,FF.Tr.,14/,P,114,1,U,CV,61.1-·E.IMf',SYA,St[*,SY),VOL,
..___ ._.„ . ..   ....., _._ .... 15 1 .C PU .B V . C S A, U SA, C SY .0 SY,R S Y ,  2 S A,1; 1,02, e .), u',, M,1 i J     .. ..

0)04 nO 25 J.JI,J[
0005 An 25 1*ts,tr

.__1.-OOC6 .._. ....___._IF (25%11, 31 .r:U. 0. .ANO. RSYII,J) .FQ...6.) GIl TO 2.5
01)07 SFIJ•V/lit,/1/Volll,/1
ono. IF 114'Yll.,11.E').RSyll-1.Jlt.AID.il<Yll,JI.fO./Syll'-1,JI).AND.

.----... ..._._....__-_.1(LS*it,JI.'Q.ZS*11,J*111.AND.ILSAII,JI,[9.LSA'l,J-1)1).GA Trl 6
0000 iF- IC011.1-1.J•11.01.0..ANII.r,Plt.1-1.J-11.61.L'.1 GC 10 153
0010 IF ICS¥11-1.J}.161.0..AND.CSYit-l,JI.LT.OS'rtl ..,2.ANG.
_. ......._... _.".- 1 ( r.Ut 1.1. JI •Cul 1,1 - 1. J I I .LT.0.. AND. Pr l f l i J   .GE .RSY C 1, A •SYMI J I I

26,1 FC 0571
00/1 6,1 TC 151

--9--.0012..--.-9571..CSYC 1-1. J)=DSY(I.,It
0013 USYCI-l,JI =OS Yll.JI
0014 R S Y 1 1 - 1, J I •O SY 1 1, J I

-„.0015 ........ .._.153 Cn47 'Aur
00 1 4 I F   I b i l l.1 • l .J i l l.G T. 0.'. AND: 64 i t,i;t.J-T i.G T. : . 1' 'G C -TO -is 5

0017 IF Ir.Syll*l.JI.GT.0..ANC. OSY Il•l.JI.LT.CSY(t ..1).AND.
...__. _ . ...    ...._- 1 ( CU{ 1,1 ..11 -GU ( l, lk'l, 4.1-1.,GT.0.. #NU.VCLE.1,1.3,(1t•RSY(.1 e 41/.SYB( J) )

260 Te 9573
40/9 · GO Tr 155                              1

.-_.0·119......_......9573 DS¥11-1,J)=CSYCI,J)
0020 CSY{1+1.Jl•CSYCI.Jt                      '
0021 PSY<til,J)'CS¥lt.Jl

.._-..0022..._- __· 155 riliT 14llc
0023 IF *CRil.1-1.J-11 .GT. 0. .AND. OR<1,1+1,J-ll .GT. 0.1 GO TO 152
0024 IF ICSAII.J-It.GT.0..ANO.CSXII.J-1).LT.DS*(t,J).ANC.

11GV( 1,1, J) •Gv 11,1,.J-11 } .LT.0.. AND .irl l l i J ) .GE .ZSKI 1,.J)15_YO( J I I
26/ TC '575

0.25 GO TC 152
-926. MA CSX11.J-11•rls*,1·.1,

0027 DSxt T.J-11•OSICI.J j
0028 ZSXit,J-11.05*11,J'

._-,0029.,     _-152.CONT BLE .....  ..
OJ.0 iF CCRII.1-1.J•11 .GT. 0. .AND. ORC),1*t,Jill .GT. 0.1 GO TO 156
00'l :F (CS*(1.J*11.Gr.0..AND.05*11,Jil).LT.CSX(I.,J).ANC.

tir,VLI.1. J).•Glfl.1.-1+1)1.GT.0..AND.Vrl (I. J).GE.ZSXC 1.J,ISVIC JII
260 TC '577

0032 GC TC 156
003, 9577 #54.1.1,J..ll. CSXII,JI
0034 25.11.J•11.CS'll.JI
0035 CS*ti,J.11.CSX,1.J,
0034 1 56..CONTIALF
0037 6 CCNTIN,IE
0038 AA•4/1AlICSYII,JI.DSYIi*l.Jll/OX

--0039 AH,II' KliDSY 1.1, Al,CSY (1-1, J) 1/OX
0040 AC,A•INICSxlt.JI. 1); xI 1, J*ll  /ex
0041 AD•A¥lt.1105*11.J),CSX{ 1.J-13 i/CA

FnRTRAN tv 0 1.FIFI   10 TRANSP DATE • 72173 10/48/•1  AGE UOUL

0042 TTR•C.
0043 1 TL•0.
nn44 .Tsf.
0045 T TG, C.

' 0046 TTA.0.
0047 /Te.•C-
0041 TTC•C.
0049 TTO.C.

-0050..._ .1 Tl•C-
0051 TTZ-0.
0952 TT).C.

_-..0053_ .114. C
0054 0 pR.C.

' 0055 OMLIC.
0056.._ .4 .0-
0057 OMG.C.

' 00,4 ORRIC.
_0050 OIL.C<
0160

04'.(I

0 0061 C %•C.
.002.-_. _0Mt.C-
0063 092,C.
0044 DM).C•

.._..0,)65...__.._      ___0#44='.
0.)66 OMA.C.

1 4447 0.0.C.
........... 00(·3..---.....--__.DIC'C.

0069 UMDIC.
I 0070 081•0.

_..,.0071.._._._ ...092•C.
007? 083=C.

1 0073 0 Ht, C.

0·J,4..._.    ·___..0.A•r.
0075 0 88• C.

1 0076 DOC.0.
___..3077.--    ·      -_..  Otto. c.

007A 19 1.50 GUN .I,JI·GUIt. *t,JI .Gr. O.I 0Mt•SABIJI•OR(1.1.Jl•.50
8 1 (GUil, .JI+G'Ill, *1.J} •DT•aA

--__0079_ IF ..(.5•. Gutl.I,R GUEl. ,1.JI)_.LT..0.).1)III*SXBCJ).*DRN,ItL,JI -5*
1 IGull. .JI•Guit.l•l.JI •nT•AA

1 Oof 0 IF 1.5• GV(1.1.JI•Clll, ,J•111 .GT. 0.3 OM)•SYAIJI•)Ril,1.JI•.50
".---..····-···----·.........1,1Gvtli ,41•Gvll, iJ•11 -OT•AC

00Al IF i .S• OVII.1.JI-Cvll. .Jill) .LT,-MI OM)•SIA'IJ')•BRIi,t,J•ll••50
., 1 16Vll. ,/3,6.il, .J•t) .1,1 •'r

u--0082.- _. -. IF 1.5' Guilit.J) Cult. -1.JIJ .OT..0.1.OMZ•SKBIJI.9OR(1,1-1,JI*
1 iGUil, .Jl•Guil. -1.Jl •liT •.5 •Ae

1 00.3 IF (.5• ml 1,1.Jl Gitil. -1,Jll .tr. O.I DHZ„SADIJI•DRII,l,JI•
..__........·...._.  _._..1  <GUil,  .J)*G'.1(Ii  -a,JI •[Ir *,5 •00

OOA4 IF 1.5• r,V,1.1,JI Cvil, .J-lll .r,1. 0.1 DM oSYACJ-ll•DRilit,J-ll•
1 1.50{Cvt it.JI,•.Vt .1,J- 11*,1 •AC

.00°.5 ... If 1.5* 64(1,1,JI :vil, iJ··11; .lT. 0.1 0/4.SYAIJ-1/•Oqtlit,Jto
1.5.14,1, .1.JI•:•.1 .1..'- 11.,1 .At

1 0096 1, t." 1,141,1.13 6'111. 01.331 ./.1. 0.1 0111=Sift,J)•111 41,1,JI„.5•
.-   ...    1 16'jit, .,·11.91(l, •1•·11 •·'T•2.•3.1416•rli/"1,1.1,•·2/1

On97 :' |....:;.|,,1..,1 6,111, *1·JII .Ir. 0.1 (·pt=S..11.JI•1'11(1,1.1,J)•.5.
I 1 4/.1) 1 1 + ' J 1 •0· li 1 + • 1 . J I ••131 • 2, • 1.1 • 1„•IK/ SA,•4 JI • AA
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OUL*8 IF 1.40 6Vlt,1,71•CM 1, .J•111 .Cl. 0.1 01:3•J¥ACJI•Bt 11,1,JI•.5•

1 (GV(1. .J)*1:711,1.J.1, •11,-2.•1.1416•n*/SABIJI•AC
-.-._.. 0089  -................  N  1.5• 0%11,1.JJ•GVU,  .J•lll  .LT. 0.1 UD)•SYAIJI•NBEL.1.J•ili.5•

1 (Cvll, iJ)•r.v(l,r,Joll •PT-7.*3.141/,•1'*/5/11(J•11•AC00.0 iF 1.5• (.tjlt.I,J)•Cljit. -1.J)) .r·T. 0.1 bliZ„SX't(J)*·.1811,1-1.Jll__.  1 AOUN, .Jjor.NU,1-1,4) •1 1 0.'i '2.•3.1.11.•(}A/SA,444, •An00.1 1' 1.4- 61111.1,.1 )•i,title -1,J)1 .11. 0.) 1,11*21.5.'.11*J)*,1891.1,1)•
1 161/(1, iJ}•t-,1/(1,1-1,JI •11' •.. ./.•1.141/.•D./S./1J) •Alt-·--_...0092.._.........-..._..iF 1.5• EVIt,1,-11*GV(1, *J-1)1 .61. 0.1 IllFS,A(J-ll•11*111,1,J-1 •1.5*ICV( .1,J)*Gill,I,J- 11•"T 02.-3.141.•DA/SidiJ-11 -ACOns 3 IF f .5• (Vil,I,J}•/vit, .J-.11) .ll.'0.1 1)114,5VAIJ-Al•BA<lit,JI•·  ····------.1.5•/Gvt 't,Jl•r·v(1,/,J.- 1/•1,1 •2.•3.141"DA/SARI.11 *An.004 IF t.5. i;1111.1.J'*lt'll. .1.J,1 .LI. 0., Ill=l.0045 EF (.5• /11(1,1,J)*Cult. -i,J)) .(,T. 0.1 112.1.-... 0006 ...._....______.lF  1.5* CV(1,1,JI•Cvtli.,J•1)1  .LT. 0.1 TI)=1.0097 tr (.5- 1:Vil,1.J}*GVIL, ,J-1 31 .CT. 0.) T14.1.0098 iF i IRS ti.J).r').PSYII• ,JII.·1AD.IRS¥Il,JI.Ew.RSYII-1,JI}.AND•........   . ... ...--_--_.1125%11.J).CIJ.ZS*(I,J*It ..#11.(LS*Il,JI.tu.ZSxll,J-ll)) GO M.390/09 iF (rqll.1,1.J•,1 .:0. ,).) 60 Tn 9404' 0100 iF trk{1.1.Jit).fo.0..A,·1). CSYII.JI.GT.(IS¥(lit.JI .AND.46411,1.Jj

.,-1.. 1*GUil,I•1.J•l)).GT.0.1.. GO TO....9301...    -_--..._---..0101 GO Tr .,0,
1 0102 9301 0/.*5)(e<Jl•littil,1.JI•.5•(GUIR,I,J)*Cll l,I•l.J*1)1•OTICCS¥11 0.13-----·······  ···    ...__.-_. 185911*1,Jil/Ox

0103 D,iR.P.11,1, JI•.5-1 Cult, 1 .JI•Guit,1*1,4•11 1•lii:t-csyii.,ii-ncy i i., ..i,
1 1•8.2'32

-0104 ______-.... . GO 1C E404..........._........
0109 4302 iF <CRil,1.J*11.rO.0..AND. CSY(l,JI.GT.OSYCL•l,JI.AND.(Guit,I,JI/*GUi 1.1-1, J•l/1.Ll.0. 1 GO TO 9303     '_0106     .._,._...Gc.TO S404 .  ..._-_...#  x _ -- _*-, -,___,*, _-_0107 9303 Dvp.5*M J•l 1•0911.1-1, J•l)•.5* (61111.1,JI+GUI 1,101.J•l  }*01•

1 (CS¥11.Jl-OSY<1.1,J)1/0X
0198 -- · _ _OBR•.e811,1*1,.1-11*./•(CU(1,1,J)£6Ut.1,1.11:951)11.fltl.iC-SY.U...JI-

1 OSY{i•t.Jl)*6.2832
0109 TTR,1.
0110 ....... ,-9404 CONTIALE. ....... ."_." .._._,-___0111 IF (0Ail,1-1.J-11 .EO. 0.1 GO 10 940"0112 iF icqlt.1,3-11.[0.0..AND. CS,ft,J),GT.DSYN•i.JJ.AID.IGUNit.J)

.-           1 .Gut.1..I *t,JUN..Gl..0.1  rn rn 9405
0113 Gn Tr 9406
0114 9405 DMA=5X0IJ)•0811,1,JI•.54GUil,1.JI•6011.1+1.J-1) •014(SYCI,J -1. DSY(I-1,411/Ox
01/5 OBA•BB(lit, Jl•.5*(CUll.i. M+GUit.lit.J-1) 3-OT*(CSY{I.J)-OSY* 1-1, Jj1 1-6.2832
0116 GO.TC.94(8
0117 9406 IF CORil.l,J-11.EO.0..AND. CS¥(i,JI.GT.BSY{I+l,JI.ANO.IGUIL,t,JI1*GUI 1.1-1.J-ttl.LT.O.D GO TO 9407

______0/1/
'

GO ·Tr.3408
0119 9407 0/AccxACJ-1)•0911.1-t.J-1)•.5-16Ull,t.J3•6Ut t.til.J--lll•OT*1 ICS¥11.J)-DSYII•l,JI,/OXntin OBA.eeit,1.1, J-li•.53(Gul 1,.1.41.fal.4.1-0.13.1,-,1.5.111*DT. iC SY£ I.JI-

1 OSY(1+1.J)1•6·2832
' 0121 TTA•1..-0122_ -9.4.04 CONT IKLF

0123 iF ICRIL.1-1.J-11 .EO. 0.1 Go To 9315
, 0124 lF (0#11.1-1.Jl.EO.0..AfiD.CSYIi-1.J-ll•Gr.DSYI I.J-ll.AND.

FORTRAN iV G LEVEL  19 TRANSP DATE . 72173 18/48/41 PAGE 0004
lIGUER.I.J)*Gull.1-1,J-11).GT.0.) Ge TO 93120125 60 TO. 0313

_0126 0 112_ DMLi.Sle I J-1 ).- OR i le tz-1, J-1 3 •.61• Ir·11,1 . 1 ..I . 61 i6 1 1 1 - 1 . .A l J l inT•1 /CS,11-1.J-1)-05Yll,J-11//OX0127 DBI,egil. 1 -1. J-11•.5•(GUI l. 1. J 3*GUl 1.1-1, J-1, |•DT•IC SYll-1.J-ll-1 OSY(l,J-.1)).6.7817
0128 TTL•1.
0124 GO TO.9315
011/ 9:It, 1, 10411.I-l,J).EO._0.,•/140.CSY(I-.1,Jil.l.GJ..05¥11.1-11.AND.11601 1,1. A*GUIl,1-1. J-ll).LT.0.1 60 Tn 9314: 01,1 GC TC. 0315

'

0132. 9 314 . 0.l - i xe t J I .09 ( 1 ,1, 4 1   ·51( (10( 1,1.41 *GU I.1, Lzt e J- 1, ) * CT•( C SY, 1 - 1. J- 1 11-OSYIi.J-1:1/OX
0133 OBL-Pell . 1. JI*.5•IGUI 1,1, J)*GUC1,1-1.J-13 )•OT'ICSY Il-1, J-1)-1DSY I.J-11)-6.2812
0„4 9315 CCNTINUF
0135 IF <CRII.1-1.J•11 .EO. 0.) GO TC 9319

______D 136 IF t[,(l,1-1, J).EQ.0..AN..Csr( 1-1, J.,1.61[.04Yti.,J•1 .AND.1(Gult,I,JI+GU{1.1-1.J•ll).GT.0.1 GO TO 93160137 GO TB  9317
0135.- 9,1 6 . OMB- 5 *B i J i l l • Di l l ..1- 1, J * 11 • . 5•,(GU i l, Li J).t-Gut 1, 1- 1. J• 1 ) 1•01-11 CSY(i-1.Jill-DSYCI,J+133/nx
0/39 008 o QB ( 1. 1- 1. J+ 11 *.5- I GU i l, 1. J ) *GL I 1. I-1. Ji l l ) IOT* CC SY I 1- 1. Jil l-. . . _,-_.-__10 SY (I,J•1 1 1 -6 • 281 2-..._.._.
Ot 40 TT,=1.
Ot 41 GO Tr 9319
0142.     __931.7.1, 40#11,1-1. J).f.O.0..AND.CSY< 1-1,J,11·l,T._.DS,(t.J+11 .AND.

1(Gult.1.JI•GUft,1-1.J•11).LT.0.1 GO TO 9318
0243 GO TC 0319

_.._.0144....__--.._9318 .047•5%1(JI•nqll,t,JI•..5*IGUIti.ti.J.liGU.fbi.rt,J•ill•OTI1(CSY<1-1.J•l)-DSYIT,/*111/DX
0145 OPR*PR(1.1,/ )*.5-IGUIL,t,JI+GUI 1,1-1,J•/1/*OT*(CS¥/ 1-1,J•t)-----'.-. 1[,SY(I,J•ll/-6.2832
0146 9319 CANTI :lE
0147 IF trAil,1*i,J•ll .FO. 061 GO TO 9324.0149 ____.  --- IF 1[1111.til,JI.FQ.0..Ain.CSXIi,JI.GT.DS*(t,Jil.j,AND._JGY(tili•,1'*

16Vll.lit,Jilll.Gr.0.1 GO m 9321
0/4. GO TO .322
0150_..__--_9321 0·iT=SY, (J)'DRit,I,J)•.3•IGV<1,1.J)*Gvit,1,1./*ll 1•0¥•1(Sxit./3-11,5,1 1.J+11)/DI
0151 OUT. <YAIJ)*PRI 1,1.J)•.5•IGVE 1, r,J)•Gvt l, l it,J•1 )I•DTIICS*I l,JI-

.--..__.,-._ 1 OSXII,J•Ill.6.2e32/SYBIJI
0152 GO TO 9324
Ot53 9]22 IF 10911.1•l,JI.EO.0..ANC.CSXI i,JI.GT.OS*il,J+11.ANO.IGVII,1.JI•--.... ................  ....-1 UVI 1.1.1, J+11).L.T.,0..1.. GO..10 9323
0154 GC TC 0324
01%5 032) DMT.SYAIJ)•0011,1 *1.J•llo.9•IG,Vil,I.JI•GVIR,1*1,J•1)I•Dr•ICSKil,JI-"---  . . .   . .    - ..-" -..1-05*11.5.1 1 1/nx
0146 Il. T•S Y,I J I   1,41 l,I I I.J•I l i .5 46* 11.1 ;J 1 *c'•V (T,7 •1.J : in•OT'I I CS *1 1.J l1-rsx / 1.J * 1 I )•6.2832/SYn/J• 11..0157 - · ·   . · .  T r l,1.
019. 9324 CCN/INI.E
01',9 11 ir.it,1.-1,J,it .10. 0.) 6. 11 9328

..0160 iF Imlt..1-1,JI .fe.0..8•:1·1.(Sk'(t,JI.61.05*11.Jit).AND.16Vlt.1.J N ._1(:I{ 1.1-1.J•l i.6 1.0.1 M   .1 0     9 3 2 5
(161 or i C ·, 3 2 ,.
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0,67 9325 (34(.SYACJ)41'11,1,JI•.5*16'/(1,1.,3,(.V{t.I-1,/.1))-1.1•iCS*it..1)-

1 05*fl..)41,3/1)*
......_0163 ..... .

D[IC . ly/11 J j • '·:,( 1.1. J)•.5* 16.11, 1, 31 *Gv i l. t-1. J• 1 ) )•t·T'I CS)(C l i JI- ......
1 05*11,Jill},6.71(32/SYR(JI

0&64 00 Tr 917/
..._._.0145 .9326 IF (ct,(1,1-1, JI.'0.0..INO.CS*{I,JI KT.BSXCI,JilJ.AN'.IGVIlit,JI•   ...

IGV(1,1-1..1*11).Ll.0.1 GO 10 9127
0166 GO 11 9328

_. -_..0167.. _............9327 UMC•5781 J) •De{ 1.1-1,J•11•.5*(GVI i , i,JI•Gvi t,1-1,1- 111•DT•ICS*( t,J).
1-DS* 1 1,J• 1 11/nA

0169 Ditc=SYAIJ}'1,111 1,1- 1, J*1 I•.5•16VI I, 1, JI•GVI 1.1-1, J•ll  'DT•(CS*it.JI
--1-.  _.---._ --_.1-USE/1, J•til•6.2932/SYBIJ+K j           _.._--._.__._...-_

0169 TTC•1•
0170 4328 CONTINLF

_._._-0171.-'.--'.---..... IF '[Ril,1 01,3-11.E'. ..0.) Ort In. 93)4 . ...._....... ...___._......
0172 IF (CRIi,1.J-11.1.0.0. .ANI.CS*11,1,1-11.61.05*11*l,J).AND.

1(GV(l.i,J)•GVil,I•t,J..HI.Gr.0.3 6('XI 9331
----.· 0173 GO Tr 5,32

0174 9331 l,Mn•SYACJ-11•1*(1,1•l,J-ll•.5•11.vil.I,JI+Gill,1,1.J-1 I•DT•
1(CSKI,+1, J-11-05*( ,•1, J )1/11*

...-,8175.....__..-.___DBO=SYMJ-ll•Jell,1-1, J-1)•.5•(Gvt lit i JI.*GY(tilt.1, it))LOT•
1(CSX (1*1, J-l 1-05*1 1,1, J) 1-6.2832/SYMIJ-11

0176 710.1.
0177 ......__ GC Tr 9334
0178 9332 IF ((411.1.J-ll .EC.0..AND.CSXCI•1.J-1 .GT.DSxt-lit.JI.-AND.

'ir.wi l. i. i)•rult.1•1.-1-11 I.LT.0.1 60 To '131
.-.0179._.__..__....  OC rC 9334         ....... . .        . ...... ...    .._ .. .. _.. _.. .._

01.0 9333 DMO.SYBIJ-11*90(lit,J •.5•(GV<1,1,JI•Gvil,1•1,J-1)D•DTI
1(CS*(i•l,J-,1-05*(1.1.JI)/Dx             '

-_..0191...._._   ...DMO, SYIC J-1 J• Roll,1, 31* .5*Irvll,1, J)*r.viI,1*1, J=ll).oOT•
1(CSX 11+1, J-11-11Sxt t.1, J j )•6.2932/SYBI J j

01 P 2 9334 0/Irlilc
0103. __. ---.1 F. (CR (1,1-1.J-11..EQ. 0.1 GO 10.9338
0104 IF (CR(1,1,J-11.[0.0..AND.C.SXII-l,J-11.61.USXII.-1,J).AND.

1(6Vlt,I,M+CV(1.1-1,J-11) .GT. 0.1 GO TO 9335
--01,5......... GO Tr 1..     ...     ...     ..  .-.--...

0196 9335 0·16'SYAIJ-11'DRII.1-1./-11•.5'{r,Vil.1./1*Gill,1-1.J-Ill•OT•
1(CS,11-1.J-1,-05,(1-1.JI/M

-01R7 080•SYA(J--1 )*00{1.,1-1. J-1)-.5*IGV<1,1, JL+_DVil.1-1.J-lll•DTI
11£5%11-1.J-1,-OSI(1-1,J)3•6.2832/SYDCJ-1,

01 P 9 ·TTG. 1•
0197 CO TC 9334 .._.._............
0190 9336 IF (CRIZ.I.J-11.FO.0..AND.CSX{ 1-1.J-ll.GT.OSXII-1, J).AND.

1(Glll,1.Ji•Gvil.1-1,J-1)).LT.0.1·CO Tl 9337
-.0191.... . GO.  IC   933 8   ....._....__
0192 9337 DIG*SYAiJ-11*ORIL,1.J)*.5*(GV(l,i,J)*Glil .i-1,J-W)*01•

11(5*11-1,J-ll-05*11-1.Jll/OX
010,

DRI;8 5¥ A ( J- l l t BR I.1 , 1, J 1.* . 5- 1 I:V I l i t, J 1 +G,Vt.1.,.I LL, J - 1   )* OT•
1(CS*11-1.J-ll-DSXI 1-1, JI)•6.2832/SYBI JI

0194 9339 CONTENCE
-----0135_ l E,(C'(1,1-1,J*1.1 - EQ...9.).GO M._11404

0196 iF <Coil,1.J•1).EO.0..AND. 05YCI,JI.GT.CSYII-1,J) .ANO.IGUil,t,J)
1-GUil,1-1.J+11).LT.0.1 GO TO 8301

0197 60 Tn 0302
-- --019q '

8301   048• SX·HJI •60 11.-1.JI•.5•, GOT i-,1 i JT, GU'i ln-1.J• i-i ier:IDSY-1 1.J I-
1CSY(t-1.JI)/0.
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0109 OBB.BAft,1.JI*.5•(GUIl,i,J)*GUIlit-1,J•l})*OT•COSYCI,J)-CSVIL•l,Jl
1 1-6.2832

-200 GOJ.C_e404
0201 8302 IF (CRil.1.J•l ).EO.0..AND. OSY(i.J).GY.CS¥11-1.J).4ND.IGU(l,t.JI

1,GU(1,1-1.J.It).GT.0.1 GO TO 8303
4 0707 GC...T.C. 8404

0203 8303 OMS-SIBIJ•11*DRil.t-t,J*11•.5•IGU<1.t,JI+GUIl,1-1,Jill)*OT•
1 1057(t.J)-CSYCI-1.Jll/DI

-02-04 D 8 9 3 8 9 1 1,  1-1, J.* 1  1.•... 5• .I G U I J  ,-1 z-,1-1/ O U U,1.-Lls.a 1.1 1101/.Ulilll L J | -
1 CSY11-1.Jll•6.2832

0705 TT3=1.
' r'?06. --,-BA04-97,VT INLE...--·-_.-----

O207 IF (0/11.1-1.J-l) .FO. 0.3 GO 79 /.09
0209 IF (CRil,1.J-13.20.0..AND. OSY(l,JI.GT.CSY(t-1.J).AND.400<1,1,JI

._.  ........._.                                      1+G u l.1,  1-1,  J-1  ) ) .L T.0.  1_GO.30...1405
0209 GO TC 8406
0210 8405 D/L=5*8161*OR<l,I.J)*.5•(GUil,1,J)*GUIl.1-1.J-1 I)*DT*fOSY{t,JI-

1 CSY (t..1,311/DX  ...- ..........   _._.___.._.__.-....._..__._..__
0211 OBL.8,51 1,1, J)*.5•16.Ult.I,JI+GU(t, 1-1,J-11 1-DTAIDSY 1 1, JI-CSY It-1, JI

1 )' 2.2812
.0212........-_ GO..TO.8449
0213 8406 IF (Cill.1.J-11.FO.0..AND. DSY<t.JI.GT.CS¥11-t,J).AND.CGUil,1.J)' 1•Gutl .1-1.J-11).GT..0.1 GO Tn 8407

-,0214...._ -- _,_. On .N I4CA  ,       ._- . ..._   .  ... . __-,-_,____ ,-__---
0715 0407 OPL•5*AIJ-it*0#11,1-1,J-11•.5•(CU[lit,J *GUI 1,1-i,J-111*01•

1 COSyll.J)-CS¥(1-1.fll/PX
0216.- ..OBL =.2 8 11 .1 - 1 i J- 1 1 • .5 4 GU E 1  1 * .1.) + GU I 1. I .-l e.J=-1 I I tD.TP..ID SU 1, J I -

1 CSY(i-1.JI)•4.ZH32
1 0217 TTL.1.

0218.....__ _8408. CrNTINUE
0219 IF Intll,lit,J-11 -EO. 0.1 GO TO 8315
0770 IF CDRN .1-i,J).[O. 0.-AND.DS¥(1*1,J-1 3.GT. CSYN,J-ll.AND.

_._.--.-_..1(GUI 1.1.JI•GUIt,Itt,J-.11).LT.0.1 67 rn 8312
0221 GC Tr 83l)
0222 8312 DMA=FXHIJ-1)•00(1,1+1.J-li•.5•1GUit,t,JI•GUIt,I•1.J-lit•DT*

. 1.-_.--_...1 (DSYI 1.1•J-11-CSYII,J-111/DX  .._
0723 0 8 4. A B < 1 * 1 * 1 . J - 1 1 • . 5,1 G I 1 1 , 1, J ) * Gu l l, 1 .1 . J- 1 3 1 • 01 * C O SY l i • I . J - 1 3 -

1 CSY/t.J-/11•6.2832
0224.-_.-_..TTAnt.
0275 CG IC 2315
0226 8313 IF I[R(1.1,1.Jl.EC. 0..AND.DSYE!*1,J-il.GT. CSY(t,J-1).AND.

.....             ........___.....1(GUit,1, J )•Gull,1•1, J-1 )3.G T.0.1 GO.Tn 8314 .... ..__
0227 GC Tr 4315

1 0.29 8314 f:·'A.5,8(JI•DRIt,I,JI*.5•10111,1,JI•CUIl,I•l,J-1})•CT•tDSYCI•l,J-13

0279 DM=ep l l, 1 . J l• .9• ( GU C I, 1.J I •GU I 1 i l i t, J-1 I I•OT*I OSY C I • ti J- 1  Z

ICSYI I.J-11 1•6.2832
. __....0230   .. _ _8115 [3·IT INLI

0231 IF (DRit.1-1,J•11 .FO.  0.1 GO TO 8319
0217 IF ir.(1,1,1,JI.10.0..A:D.Dry,I,1.Jiti.GT.CSY(t,J,1,.AND.

.......                -               _.         11(U{  1,1. J 1*61.1 i  t,1.1, J.1 ) ).L T. 0.1   CC   T"  d310
0211 (.0      1 1. 9317
0?34 8316 V,·,=S,PI.1-11•7911,lit,Jit)•.5•1/.Ull,t,JI•l·llll,lit,J•11)*OT•t

...         ....  1 AL'(1•1...1•lt-'1111.J•11)/·1
02.5 11;II.,011 (1.1 •1.J, 1 )• ., ' 1,·l:i l.1, J I •6111 1,1 -1.Jill )•DT• (DSYI 1 -1. Jill-

1( - 9, 1 1.J. 1 1 1.5....,32
-.....
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02/6 TTH.1.
0737 60 Tr A)14
0239  . .  .._8311 IF I['411,1*1.Jl.[0.0..AliD.05Yll•1.J•1).GT. CS¥il.J,l).AND.

146,141,1,J),GUil.1,1,1,1,1.61.0.j Ge Tn H 31h

02,9 GO 1/ pili

..0240 .8318 (,144•5*ttJ)•0Pll,l,J)•.5•1(,Ult,l,J)•Gu(1,1•1,J,l})•UT•
1(05¥11,1./•1}-C 'Y 11./•1)) /1)*

0241 Di,P=i'.4 1,1..11•.5•tr,Ut 1,1, J)*1:Ul 1,1•l, J.t, 1.Dl·'·ADS
·Y ti•1.J•11-

1. .   i.- .. . -   ---- ..
.l.I- -

...  - _._..1CSYII.J.1 1•6.28JZ
0?42 831" CONTINLF                     '

0243 iF ICHil,1,1,J-11 .FU. 0.; Gn TO A324

..0344  ... ...__-_IF trott,1.1,J).FO.4..AP:1).r'lf,Xll.JI.r.T.CS*(1,4-1,.AND._.1.Ovil,I,JI,
1 GV(1.1•t,J-11) .LT. 0.3 GO Te 8121

1 0/.45 GO Tr 8372
0:46 ............_83.21. D'D=SYAIJ-11•ov{l, 1, J)•.5•Ir·VI 1,1, .11;Gv.11.,1•1.J-1) 1.•.PT.P.(05*41, JI-

1 CS*(l.J-111/OX
' 0247 D,In t SY /11 J- l l • r,91 1.1. J } • .5• I CV 1 1,1 . J   *GVE 1 .1 - 1, J- 11

 )• DT • l OSX 1 1. J 1-

...._... ..   ... _.-_ ...1 Cs*(t·,J-111'6.21 32/SYRIJI     .- ... -·-.......--
0,48 En Tn A324

0,4. 9322 IF trRIi.1•1.J).EL).0..AND.[15*Ii,JI.r,T.CS*11.J-·13.A
AD. IGV11,1,JI•

........._.-1.GV(lit• 1. J-11 1..01*.0.1..On -10 8323 --_.--
0250 GO Tr 8324

  0251 8323 DMOCSYAI J-11'nRIl.1*1, J-11•.5•inVI lit,JI+GVEI.lit,J-13 1007•

---. ......_.....__._1 IDS*(1,JI-CSXII,J-1)1/Dx
0752 0110 = bY Al J-1 lir,4 1 1.1•1. / -1 1 4.5•I G V I t, i: J I +

00 1 1.1, <;111 i i•OTI

, 1 (OSH I,Jl-CSXIi .J-1 H*6.2832/ SYNJ-13

0253.._-  __ __..T TDol....._.._...._.-_.-,
0254 8324 CCNTIAUE

1 0755 IF toR11,1-1,J-ll .EQ. O.I GO In 8328    '

-..0256.._......__...._..lf.(CRIt,1-1, JI.EU.0..8Nn·OSxlt,Jl.GT.CSMI.L,J-lli.ANO.1Gvll,t,Jl•
1 Gvit,1-1.J-131.LT,0.1 09 TO 8325

1. 0757 GO TO 8326
8259. _.__-__8325.C·'It-,=Syal J-ll.*r,P(1.,1,J lf.5010711,1, Jl.£Gvl.1.1::l,Jil)  Prl.(PS;it I.jl_

1 CSItt,J-11)/Dx
0259 0116-SY,(J-t)•90(1.I,J)•.5*(Glt 1, I. J}*Gvil,1-1, J-11 )•D

T•COSIC t,JI-

..1 ._...:_.__...1. CSXit,J-11)•6.2832/SYB(JI
0740 GO Tr 832A

1 0261 8326 IF (ORII.1-t,/1.EO.0..AND.05*11.JI,GY.CSXCI.J-ll.AND. 
IGVIt,1.JI•

R r,V .1,1-1.J-l)l.GI._0.3 6,0 TO 9377

0262 GO  T r 8328
D 0263 8327 DIG.SYACJ-11•OR{1.1-1.J-l)•.5*1Gvll,1.JI•GV{1.1-1, J-111•

OT•

1 (DS,(t,J)-rs*(i,J-1))/ri   _..          .. _.--x.-__..--.._._--
0264 0060 SY/( J-1 )•98( 1, 1-1, J-i t•.5* *GIC 1,1, J) *Gvt 1

,1- 1. J- 11 1-DT•

1 1 105/41.J)-CS*(i,J-13)•6.2832/SYR:J-1)
n,Af TTG..1.

0266 8328  CONTINUE

0267 if 10041.1*l,J•l}.EO. 0.1 GB TO P334

n"A IF..(Cl I t,l,J* 13 ·FO..0..  .AND.OSX 11,1.Jil 1 ..
AT .CS* -111.41.AND•

1(GVI 1.1. J I •CVI 1, i •l,Jil 3 1.11.0. ) CC
TO 8331

0 0.69 on Tr 8112

_---_0270.. _._8331 DMT-SYAIJ. 1-DRII,lit,J•11•.#•.1.GIl.1,1,J)•Gllt,lit,Jil)}•DT•
li05*11,1,J*11-CS*(1.1.J)1/0.

0271 081=SY H J 3•8811,lit,Jill•.5* 11:VIt.I, /)*Ovt 1,1.1, J.IllbDTI

.......- .  _  .  ..-                  __..._.1 1 115*1 1. 0  L.J.•11 ZC S X.( .1 -1.J.1  1 •6,.2 11.3 2/S Y R I J*1  1

0272 TIT=1.
  0?73 CO Tr F334
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0274 8332 iF (CR11.1.J,il .EO.0..AND.DSxit•l,J•11.GT.CSxit•1.J).ANO.
liGVil.1.J)*GV<1.1+1,Jill).GT.0.1 GO TO 8333

0,7. · · GO rn 8714
0276 8333 DIT6'SYACJ 3,0/2 1,1 . J l• . 5•( GV { li l i J ) *Ovi 1 . 1 *1, Ji l l )•DT•

• ·                       '05",1.1.J.13-CS<11.1.JI)/OX
/,77 09TXSYBIJ.. )•BRIL,1.JI•.5*IGV(lifijI•GV(.1,1-1,J•11)•OT•

liCS*(181,J•11-CS*(til,J))•6,2832/570(JI
0778 8334 CINTINUE

___02.79.-__- _-IE..£0811,1-1, J•13...EO..0.)..GO..TO  8138
0280 IF <CRII.1.J•ll.£0.0..AND.05*11-1.J•ll.GT.CSICI-1.J).AND.

• lIGVII.l.JI.Gvil.1-1.Jill) .LT. O.I GO TO 8335

_1_0291....-,------_Gn .To.. 9336 ..   ..__,
02.2 8335   ric• sya,J     1•o R,1,1-1.5-1 1• .5. -1 2;i 1, i; JTTEvii,i-iZi;Tri:Di•

' 1105*11-1,J•11-CS*11-1,/11/Ox
--0203....__.-       OBC.SY,1 J_...1*8011,1-1. 1.11*.5*IGV(lit,.u .Gvil,lnl, 4.-1/)/Or•

1(OSXil-1.J*ll-CS*l 1-1,JII•6.2/32/SYrIJ•l)
0'24 TTC=t.
0285..._--_--__..._..Go .TC  8338.....  .......  .-    .   -    .......
02Ah 8336 if l[Ril.1.J•li•SO.0..AND.DSXI 1-1,1,1).G T: SXIt-1.J).AND.

1 lic.Vil,I,JA*Gvit.t-1.J.1,).GT.0.3 GC TO 8337

-0287   .._.-_.__  GO  TC. 83118
07PB 8337. DMCBSYAI J )'ORIl, 1, J)•.5*UNI l. 1.JI•GV(1,1-1,J*11 1•1)T•

1 1195*41-1.Jill-CS*(1-1.Jll/Ox
.-- 0259......_ -_.__ .. COC6 3YIC J .  } • BR I l i t, J ) • .9•( Gv I l i l,J I *Gvt 1,1 - 1, J.• 1 ) 1*DT,

11 115x 11-1.Jill-CSI(1-1./33•6.2,32/ SY#11,3
1

.
02.0 8338 CrITINLE

-9291.- --IF. i t..LE..IM) GO.TO.654
0792 . IF I J .GT. JW.) GO 71 653

8 0293 IF COSYII.JI.GT.CS¥11-1,J)·ANI).CS,ll-l,Jl'.GT.0..AND.ORII,t.J-ll

.._-_ ......_.._.__...1..OT.0..AND.ZSXil,4-1 •FO.0..AM:).(GUIt,1.,JI•6111.1,.1-l,J.zill.GT.0.1
2 60 TC 7441

1 0294 cn TO 744 2

0295.--_-_.._1441. DML• 5 Xet J-11 *OP.11,1 -1. J-11 *.5• IGUi l ,1, J i tGU( l, lit,.Jz-11.11019
1 105¥41.J)-CSYIt-1.JA)/OK

1 0796 OBL=5*FIJ-11*BBC),1-1.J-11•.5•(GUIl,t,JI•GUIl,1-1,J-1)3•01•

__-2-.:..   „ 1-----_ -  1   IDS V I I,J I -CSY <1 9 1,4   1 -6.2H 3 2/ S*PIJ-11.._..„ .....·----·---·
0207 TTL-1.

1 0208 GO TC 7444
_0299__.._-14*Z.lf IDS·,11.JI·GT.CSYLI-1.Jl. 140.CSYII-1.J}.OT.0.,AND.Mitil,J-ll

1 .GY.0..11%:D./Sxll.J-ll.EQ.0.-AN).Ir.Ullit,JI•GUII.1-1.J-11).Ll.0.I
2 GO TO 744]

0300 ._._...._-......6/ 1£ 7444
O,01 7443    0 ML  •5*1!1  J I '1 R l  l  .  1. .I l• -5'1(  U'I i,   1. 'J  1  4 1;U 1

 1.  i-7.J- 11 1•C i•1 6 5 Y t  1  ,  J I

1.                                                         1-(SY (1-1, JI)/11%
.__,_0 02 ........_ __.. D·JL•SXCI JI·'JUil,1, JI•.5•·IGU(1,1, J.l,GUILi.1-1,J-111.CT-105¥41, 41

1-CS¥(1-1.JI)•6.2812/5*91JI
1 0103 7444 CONT/ LF

-__.0304       - ... lf: 10Syll•i,Jill.Gr.CS¥11.Jilt. 'in.CSY(1.Jil·i.GT.0.. INL

1 OR(1,1-1.Jl.r,T.,1..,A'11)..Fcxil•li.11.Fc.0..AND.(6Ull,I,J)*
1 7  All  1.  •1.J•1 1 1.t; 7.0.1   C.1 TO 74 4 '3

._ 0101         ... . · ·        CO   T C    1446
0106 7445. 1*'·IR.<11'1.91*1,1111,1.JI•.5•14:Ul 1,1.JI,(,Ut t, 1,1, J•131•01•19SVit•1.J•l/

1 - I % ' 11. J • 1 I t /0 I
0307 8'11,„r<.11.1,411.1, JI•.'i,(1·ltll,1, Jl,(;U  6 1•1,J•lll,rT•I! SYII•t.J•l .....

1 -CSY(I.J. 1 1 1 16.1 H .3,/SKitiJI
./../ G r'    11·•     '4 4 I
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.140
0.09 744/, IF- COr.Yllit.Joll.(,r.CSYll,.1,11.1 #:Il.r;Yll,Jitt.Gl.0.-ANI).

1 01{12,141,JI.GT.J..·-,P.I).l' ill•1,.ll .10.0..Attli.(GUil,t,Jli
......         ... .2 Cult,1,1.J•111.L T.0.1 GO TO 7441

0310 60 T' 744A
0311 7447 11411=3)(1'(J•13'/1'11,1,1,/•11•.'5•(Gtll/,1.J,•Guilit•t,J•13/*Dr•

.....           1 105Yll•i.J.11-CSY(I,J•111/.*
0312 1,AR-5*PAJ• 1 1-nnil.1-1, J,l}•.5•(·,ili 1,1, J)•CU( 1,1*1, Jilll•DTI

1 tr,SYllit,Jill-CS¥11.Jilll•6.7412/51811•1)
.....0313 ...  TR.1.                           -

0314 7448 CCNTINLF
0115 li (CSXCI.J).CT.DS*{I,J•1).At,9.05*II.J•1).GT.0..AlJO.DRIL,I•t,JI

.l.GY.O..AND..SY{til,JI.F.0.0..AND.(Clil,1,/1-0&11,1-t,J-111.61.0.1
20/ TC 7451

0716 GC Tr 7452
...__ 031 7 _......-.7451 O.MT=3¥·AIJ 1•0911,1, J)•.5•16Vt l i li J I.•SV( 1,1 * 1. J.11 1.0131CSIC 1, JI-

105.11,J.It}/9.
0718 DMT-SY#IJ 1•8811.1. J l •.S•IGV{ I I I, JI *(.Vi l, 1 - 1, Jil l 1-UT•ICSXI 1, J 1-

·--_-. .        ._.....-_...,  10 S)(4 1, J, 111•6.23 1 2/SXA (JI
03 t 9 GC Tr 7454
0.20 7452 It ICSXII.JI.G.T.DS*(t,Jill.A':D.DS)(1.J•l).GT.·J..AND.BR(1.1-t,J)

......_.....-_......1.GT,0•··ANIl.PSY 11,1, J J.EQ·0..AND.(Gv (.1,l,JJ.tovIi,1•1, Jil.Il.LT.0. I
201) TO 7451

0321 GO TC 7454
..0322 _ 7453 OvT=SYI(J 1*OR.It ,lit,Jil)•.5• 11;Vil,1, J)*GV< 1.1,1, J*1)1•DT•

--' 11CS*Il,JI-OSxl I.Jilll/Dx
0.2, OOT-SYAIJ )•ABI 1, IiI,Jit }".S" (GVIt,1, J)*Clil, lit,Jil) IIi}T•

......-...._._.-1(CS;({1.JI-OSXCI,J•111•6.29)2/530(4*11.----_
0174 TTY=t.

0 0125 7454 CONTINUE                                 '
-9326 ..._.-.,----- IF.(CS*11-1,Jl.LT.CS*11-t,J-11.AND.1]SKIirl,JI.Gl'.0..AND.

11)R< 1,1, J-11.Gr.0..AND.RSY{ 1, /-1) .EC.0..AND. EGV 1 1, 1, J )+
2GV11,1-1,J-ill.GT.0.3 GO TO 7461

032Z.... _ ... -__...GO..TC..7462.....
032A 7461 OMG= SYA(J-1)•DPrl,I-1.J-11*.5•10vil,t,JI+Gvit.1-1,J-11)•DT*

lics,11-1,J-13-95,1 1-l,Jll/nx
032.9........_.-..... 086=5VAIJ-1)•9Pt 1,1-1, J-1 1•.5• 1/.v( 1,1, J)*Gvll, 1-1, J..1 1 1.•D r *

1(CS* (1-1.J-11-05*1 1-1, Jl)*6.2832/SXOI J-11
0.,0 TTG=1.
033 L GO_IC.,7464
0332 7462 EF (DS*11-1.J} .LT·CS*11-1.J-11.ANC.CSX11-1.JINT.0..AND.

10911.1, J-1).GT.0..ANO.ASYIi, J-1).FC.0..ANO.CGvll,t , J 1*
2/Vil.,1-l,J-111.LT.0.1 .GC. 10_7463

0313 GO TO 7464
0334 7463 DUG-SYACJ-11-DRi l , r,JI•.5-(GV< 1,1.J)*GU 1,1-1,J-ll )•OT•

.-         liCSXII-1.J.-1)-C'SALI.1.,J)90*
0335 086-SY&(J-1)*9811, 1, J )•.5•(Ovt 1,1, Ji•Gvt l,1-1, J-ill•OT•

11(Slit-l.J-ll-OSIC 1-1, J))-6.2,32/SIO(J)
n11A -1464_CONTINUE.
0117 GO TC /54
0338 653 CONTINUF

-339..__...-_.. _. .  .1 E.. 1 0 S y l  I,J I.G l.C S v I  I --1  ,J l  , AMP . <S y l  i r t ,-11.·.61.0 i. ·AN. D. 07.1.1  ,1  'J i l l
1 .Gr.O..IND.ZSxil,J+13 .EO.0..ANO.(GUIl.1,J)*GUit.1-1.J•lll.GT.O.I
2 GO 10 6441

-0340....__ ..._...__GM TC. 4442
0141 6441 OMB-IXICJ+11*DPil.1-1,Jitl•.50*Gull.I,Ji•GU(1,1-1,J,+111.OT,

1 (DS¥11·,J)-CSY(1-1.J))/OX

FORTRAN tv G LEVEL 19 TRANSP DATE • 72173 18/48/41 PAGE 0010

0342 OBBISIR C J•11•88(1.1-1, J•l)•.5• (Gult, t. J)•GUI 1.1-1, Jill )•OT•
1  0Slyl.JI-CSyll-1.JI)•6.2832/SXBCJ+13

nlli TTA.E.
0344 GO TO 6444
0345 6442 IF 405¥11.J).GT.CSY(1-1,JD.AND.CSVII-1,JLGT.0.-AND.0911.1.J•1)              C

1 -r.T.0...AND.ZSX.1-6.Jil.L·.E,0.0..AND, IGU.1.1,LU.)1GULt,I:,li.Lp.1. ,J•L.T.0-1
2 GO TO 6443

0146 GO TO 2444
-3LZ _6.443.  .D M B.  5*8 1  4 1  - DR 1  1 i. 1., .1 1.• . 5.*. {GV f·1,- 1, ..1 1.* 41.'.1.61.: 1,  J€ U.19 Oill A Y. 1  1  ,  J I

r                                                     1-CS¥(1-1.Jil/Ox
0348 08005*PI JI*88(l,I,JI•.5•(GL< 1, 1, J)*GUil,I-1, J•1)1•CT•(DS¥1 1. JI

1-/SY,1-1,/11.6.28,2/5*R'.11
0149 · 6444 CONTINUE
0350 IF ([SY(1+1.J-l).GT.CSYCI,J-11.AND.CSYII,J-1).GT.0..AND.

1 ,1711,1•1.,J).GT.0..Ati9.Zfxttll,JI.EC.0...Al' 0..t'™1(1-Lti.JI+
2 GUIL,t•1.J-ll).GT.0.3 60 TO 6445

0151 Gn Tr. 2446
0352. __-6445.D/Ac ex!1( JI •DRI 1,1 i J)i.5I{GU(l i..1,41 •Guili.1.01,4-1; I•.CI.*IDSY I t• 1,4-1 1

1 -CS 11.J-111/OX
0353 BIA= 5*MI J I .BAi l, 1, J ) * .5• ( GUI 1, 1. J ) *GU i t, I • i, J- 1 1 )• CT •C OSY 1 1.1. J-1 )

1 -CSVII,J-111*6.2832/5*pt.ll
0354 GO TO /449
0355 6446 IF (CSVIT•t,J-t).GT.CSYCI,J-11.ANC.CS¥11,/-1).GT.0..ANO.

-.·_.-.1.DRIl,1,1,JI.GT.0..AND.25*11+1,JI :FO.0..AND.(Gull.,L,JI.+
2 Gult.lil.J-lll.LT.0.3 GO TO 6447

0158 Gn TO 1449
_0357. 44.47_.DMA= S x 91 J- 11 'DR i l, 1 - 1, J- 1 1• .5•. (GU I 1,1, JI-*GUE.1, I 2.1,.JU J 1 *Dr.

1 1059(1*1*J-1)-CSYII,J-1#90X
0358 .

088.5*Al J-13•98(1,1-1.J-11•.5' Ir·ll<1,1, J)*·GU(l• lit,J-1) )'DT•
. - 1   1.'SY (1•1, J-1 1 -CSY ( t i J-111.6.2832/5*.i J- ' I __.  .__-_ _.-_

0159 TTAcl.
0160 6448 CONTIAUS
0361....._._._:-...IF (05*11,JI.GT.CSXCI,J-ll.AND.CSMIi,J-11 .GT.0..ANO.0911,1-1,J 

1.GT.0..AND.RSY( 1*1, J).EU.0..AND.(GV( 1, 1, JI+GV(1,1,1. J-111.L T.1. 3
260 Tr t451

.0362...-_.--......GO TC (452  ·   --·-
0)43 6451 DMO•SYIC J-11 0R(1.1.JI•.5•IGVII.1. JI•G\41:1•1  J--11  DT•(05*11.JI-

1CS*( 1.J-1 1 1 mA
8364 ........__-. DRD•SYAI J-11*8011,1, JI*.5•(GY(.1,1, 11*GW.1,.1,1,1-1 1 j•.DI-liDS*11, JI-

ICS*(1.J-133*6.2432/5,iliJI
0365 GO TO 6454

._0366 .6452 IF tr.5,1 I.JI.r.T.Csxil,J-1 1.8.0.CS,11.J-1 I.GT.U..ANC.OR I t, 1.1,JI
1.GT .0..IND.RSYCI *1. J J .EC.0..AND.CIvil. 1.JI•Git 1,1• 1, J-ill.GT .0.I
26/1 TC (451

..0301 -,_.._._.....  61) TC 64;4      . .......    . . . .     .._.-„...... ....... .... ..............
0)64 6453 040•Sy/(J-11*0911,1,1.J-11*.5•(Gv/1,1,J)*GV(1,1*1. J-11)•Dr•

11'5*11,It}-CS'll.J-111/PX
.__0369 . ..... i),10. Sy /,1 J .1 3, .1,1 1,1 - 1, J - 1 1 • . 5. 1 /.V 1 1,1, J I • Gvt 1,1 - 1, J- l l 1. D ri

11:)51 4 1, JI-Csill,J-11 )•6.2932/5/11 1 J-lt
0370 1 T[15 1.

0171 . 6454 COW 14UC
0172 11· IC'xil-1.Jl.lr.BSXII-l,Jill.1 Nn.r<,11'-1,J .CT.0.. ND.

tukt I .1, Jit I.GT. 0..ANN.4511 1, Ji l 1.1,2.0..AN/.ibVI 1,1.Jl•
7·' VII,1- 1,·1•ll l.t T.0.1 1; I 1-1 6 4 6· 1

0·471 0  1 r   f. 462
0174 6461 1,·AC•Sy,(J /•'14/,1-1.J•11•.5•/,·Vt/,1,J/•IV/le/-1,J•1/1•01•
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tins*11-1.J•11-CS<lt.-1..1,1/nx

0175 0 W,•SYA<J 1.81'11,1.-1, j•l l•.5• 1/Vil.t.JI•GV< 1.1-1, J•lII•DT•
.-_....      .--..-_.- .   110SKIt-1, J.11-CS,;11-1, Jil•6.2232/ SIet J•1   ....._.___.--- .....

---    -0776 TIC•I.
1 0177 9 TO e464

_0378 ._.... ._6462 tr ICS,11-1,J).LT.05*11-1,)*11.Air..r.5*11-1,J).GT.U..ANO,IMAC I.le.till.GT.0..Avt).RSY{t,Jill.[C.0..AND.Il.Vt 1,1.JI•1 26,(1,1-1,J.111.Or.0.1 Gil TO ..63
._-__0379. -.._.-.... GO 10 /4/4

03PO 6463 1,YC.'.VAIJ 1.OMII.i,Jlo.5•16Vit,I,Ji•GV<1,1-1,/•1)1•OT*
1 1105' 11-t,J.11-CS.(1-1, Jit/1..--.0?91.-_.   __. MIC.5¥11(J 1*11"It, 1, J)•.5•('Gvt 1,1, 11•OV(1,1-1, Jill )1OT..itiC x11-1.J,1)-CS,11-1.)11•6.28]2/5)10/Ji
1 03.2 6464  CUNT 1MUF

.-_..039)  ....__.--654  CCNY INUE.....   ·.--'-'........  -.---01/4 39 CONT INLF
1 01PS OR<2,1,Ji.npli,i,JI•(PM,•Ov2•DMD+DwB•045•DML-hM)-Dpl-OMC-OMA-

-.-'-.- . ' '- ·--·-----·..10PR-GMT)/(VOLI/,J)•SFIJ)
• 0306 b,1,2.1, JI.AN 1, 1.JI,1112:Inl,2.n,·nirP.•rr.i.OUG-,ej-Del-OBC-OMA-

ingR-Rr, T } / t VOL 1 1. J 1 - St I J ) * 5/It l J 1/ { 6..'812*Ux )

.--.-.0397.._._.-___  ..FU(2,1.JI 11TZ•t'MZIGUil,1-1,J)*Tri•l·· 4•GUAl,1,J-ll-TTI•OML•GUIl,11*1.J)-TT3'CM'3,6„11,1,J+11*61'11,1-1,J•l}•ITTI I)Yl;-11(*DMC)I 2-(;Ut t . 1 - 1.J- 11 • I T T 0'1'MD-I T .4•04,· ) -Civi l, 1.1, J* 1 '• 11 i T •047* T T v•OMR I._....       .._.... 3-SUC 1,1-1.J-11.(TTI•I,MLITTr.'94(j•GU<1,1,J)*IL·cit,i,JI•VOL(i,JI•
459 1 10(1.-T T43•0:44,11.-T I 2)-1]vl•(l.-TTON•UMIS•lt.-TTLI •:iML*< i.-TTG)'.

1 511MS,(1.-lin'.9.,1,-1 1,-TTLI.Ilwl-11.-lrll*)Ml-11.-rTAI•:1%1.1 .1 / . s T Tr I.---.6[liC-li.-Vill-OIT-(1.-TWI•94•wt 1/14,el (1,Jjillkit,I,JI• SFIJI
03RS r v 1 2,1 . J ) - 1 T T 2• 11,.12 • GV ( l, I - 1. J ) 4 1 7 4 • [·M4 *U V I t , I, J - 1 1 - 1 T 1 • U ·11 • G v i l,

11*1,J)-Tl)•DM)•Cvlt,1.J•ll•CVII.1-1.Jilt•ITTb'BMB-TTC•OMCI
7*071 1,1*l,J-1)*ITIC• tivf,-TTA• Bw 9,)-6411,1,1, J+11•(ITT• !,MT+TTE• OMR I
3*GV{ 1, 1-1. J-1 1•Ir rl-OvL *TTG'Ovil) *G.Vilei, J ),IER I I.t .J 1*v('lil.J)•

1 45 F i J • 11.- T T 41 •D,vi, { 1.- T T 21 • ry) * 1 1.- T T 0. ) • OMI,11.- T T L } •1 /L + I t . -I T G ) •

St)969 11.-TT D)* Dwor. ( 1.-T T 11 •Dvt- I t . -TT31 *OM J- I t . -.1 TA 3 • 941& 1 1.-TTC I •69MC-(1.-TTT}•0/T-(1.-TT/)*OMR))/IVCLIt,J).Dkt/,I,J)*SFIJ)
1 01.9 FE{2,1.J}.ITT2•0 '12•GEll,1-1.JI,TT<•r44-GE(i,I,J-1,-Trl.OM,•Gfil,11+1, J)-TT)•DM)•6511,1, J•11+GIC 1,1-1.J•11•ITTI,•j/h-Trc•OMCI

2*GE11,1*l,J-1)•(TTD•040-TIA•D/t)-CEIl,lit,J•11•ITTI•-,MT+Trk•OMR.1
I JIGill,1.-1.J-11',C T T l•DMLIT T {, th· (.10(·.(11,1, J}'10Kll,1.JI• VOL(1, JI•.-  4<Fl'*1.1.-,TT41*D.14+11.r:TTZI.D '2*11.:ITP.I,DI,8.11..-TTLI•OWL•11.-rrcli50 46•(1.-TTO).0-0-It.-TTI) .DMi-It.-TT31 'DM 3-£1.-TTA}•OMA-It.-TH)*
| 604C-(1.-TTT)*DMT-It.-T TR )*0/RI)/tvrlit,J)•DR(2.1, J )•SF f JI

--0390 IF_.1805.(FU12, 1, 711...Lc...EPSII. FU12,1, J).00.
03.1 IF {895(Fl(2,1,J)) .LE. EPSI) CO Tr LIJO

1 01.2 FvVE,FV/2. I,J/"2
--0393 - _ GO .Tn  1 1„

0394 1130 FVV2=C.
0395 1131 FI 12.1.J)=FE12.1.JI-.5IIFUIZ.I,JI••2*FV·,12)
0,nA 1

F     1  0, |t, |  *t,J I  *.fl..0,0853. fP  I.1,1 -1  ,.J)  .F O.0. . AN'l,Dit Lilitil·EQ·10..AAD.0011,1.J-l).EO.0.3 CALL VACUUMIRMEAN.OXI
0,97 25 CCNTINUE
030A · RETURN
0399 ENO

F391944 tv G LEVEL  19 PLOTS DATE • 72173 19/11/47 PAGE 0001
- - - -  - - -

0001 SUB,RCUTTNE PLGATFB.i'E'-,7.JE,ox, 7'.Ttlii:14.'ik.'JO,iO-i
0002 OT.ME#SION OR(2,137,221.FUI2,137,221,cvt2,137,22 1,FICT,137,221,

I F E E 2,1 27,2 2 ), TC 1 Z, 13 7.22 ). PP 1 2 .1 ] 7,22 1,1' 4 2,137.22 1, [ *( 2,1 3 7,2 7 1 .
26Ull.137,221.Gvll,137.221,6111,137,221,6Ell,137,221,TMPI2,137,22h,
3SYA{ 221, 518( 22 ),SYRI 22 ) ,vOL I 137,221,S 1 (22 /, CPO[ 22 1,8Vi 137,22 J,
4CS* 1   1 3 7,2 7) , i S x 1  23.1,22  1., C S Y( .1 3-7,  721,1) S y.(  1  3.Z,.22).,RS.¥ 1  1 3 7- , :21  •
52SX(137.22}

0003 Di'<FASION PDRI2,137,22),PPRI 2.137.221,PTMPi2,137,221S. 0004 c O M Y M  .O R,F u,E y,  F.1., F E.,.Tg,PP, p .,  8 9,G U,G v,G 1-, G E ..T tl p,S X A, S.x B.,-SY 6.,.VO L.  .

151.CPe.9V.CSX,OSX,CSY,DSY,RSY, ZSN.Cl.02,03,04.M,I,J
0005 SCR, 1.E/04
0-106 TnR3.1.OFI.O.q
0007 18NliP-1
0004 lF *A.ED.11 KIN,2
0009 IF..IA·EO· 2.1.NN=-_
0010 00 77 ..J..JE
0011 DO 77 1-IRN,IE

-012.- 1 F.- 1 FU I N, 1, J I... NE ._P. _. 840._QR.( 1.,1, J 1   .50._0·.LFU( N, 1, J I .O.
0013 IF {FV(N,1,/3 .NE. 0. .ANO. DRit,i.Jj .EO. 0.) FVAN,t,JI-0.
0014 PORIA,t,Jl,OqfN.I.J)*TOR

-0015. _PGRIA.I.J,·in,„i.1.JI•Bvil.J.lk,(Sri .
0016 PTMPIA, i,Jl=TRPIN, 1, JI/ICOOODOO.
0017 POR{ K K . i ..1 1 =Fil IN. 1, .11/TOR

0018...._. .-- ...„Pi,911:v,I.JI.Fv(N,1, JI./.TrR.-
0019 77  Cn:IT f'.CE
0070 /7/': 1/.//1

- 0021_. 8 4_ F.C: M I T     C  I H O,  '  D I S T R. IOU T- 1 CN_CL_l[ E p p r R ·,ILIAL_1 N_S HOC.M..TUBEI  I

0022 · DO 64 1.10'J,IE
0023 WRITE (6,631 (PTM/(N, I.J),J=JO,Jr)
0024-.-       64 (.CNT , CE       ....  _..._._._
0025 63 FOR•IRT 11„0,33F4.2)
0026 WRITF <6*A51
0027.. -85..Fok· .T .11'10,'OFNSIT.Y. VALUES'.)._.
0028 On 65 InteN.lE
0029 WRITE (6,63} (PDRIN,t,Jj,J=JA,JE)
0030. ..65. CONT lAUE  ....._ . --.,,. ._.._--- , .. -
0031 WRIT/ (6,P63
PO)2 86 FORMal 11„„,•MAGNETIC FIELD DISTRIPUTION, i
0033._.-_     ...-....._.0046 trIBI,IE.  .._.......__..._.
0034 I41Tr (6.Ill 1 PM. (N, 1.JI,JIJB.JE 1
0035 46 Co·IT 11\·lE

10036. 1._..„_.... . WRITE 16,041      . . ..-_..    .__._.._
0037 05 F·l,Evir ll,10.'U-C·1MPONENT.')
0038 ./ .5 till.,iF
0039 ..._.. WRIT: (6,531.{PDACIN, I,JJ·,J,JB,JF).
0040 55 CONT 1*E
0041 W R I T E    1 5,9 6 1

0042 96 Fr,9.·4/'T ·11,10,•V-COMPONENT.'I
0043 Do 56 1='Al:;if
0()44 .:R,T[ 16,533 1Plt! INN,1.Jl.J•JIi,Jr)

_._. ..0045  ............ 56 C 4, ':3 1'\CC         .  ..._ _. - . ._.,._.        _.-„
0046 53 fi,:VT (tIO,26rs.21
0047 RETij'N

.-..0048... ....„.... . END

1
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0001 J,1Ati'nUTTN''   & i Sli,s i Ii,.CK , ;I  ,FuN ;,- 6G-(,9 „Ul'Ilvi .t vii .01, c,VI .i, I .i, x .
11/.J.1

--0002............_--_._.DIME SION DE'12,1.17,22),FU(2,137,221,rvit,137,221,ril2,137,22 ),
1FF{2,137,221, TC(: , 1 #7,221,//42,137,221,/42,1 3/,22 1,·311(2,13T,221.
2GIC I,137,22),Gvit, 137,221,61 1 1,137,221,6Fil.117,221, trpi2,137,221,

...-- --.35¥Al.'21,5xllt/21,<Yf,(22),Vt,Lit..7.771,51122 3,(-1·14(.·21,1+VAZ'I/,.121, ...
405*1 117,221,1)5*( 137.22 j .CSYI 1 31,27 ,DSY( 137,2:1 00)1137.221,
515*1137.21J

--0001- ,..     ---··- CnMvEN OP,FU,FY,Ft,Pe.ITC,Br,P,1,11,9,(,vidl .GL,IMP.S.YA,$*R,SYM,VOL,
151.CPM.Bv.CSX,DSX,[SY,OSY,QSY. ZSI,Ol,07,13,94,M,I,J

0004 Ct-0.
--_ _.0005 _.__.--...._.02=n.

0006 03=0.
0007 (4,0.

_0009....._..._-   -(IRR=CA(1,1*1, JI
0009 DRL•Cill,1-1.Jt
0010 ORT.09(1,1.Jill

.  ..._.0„1 1 DRM'noll,l,J-11
0012 IF(Dw(1.1,1.Jt .FO. 0.) GO TO 1
0013 Gn TC 2
.0014. _ 1 rCNT-INUF
0015 FU(1,1*1,Jl-FUll,I,J)
0116 Fl(1,1*l,J}=Fvlt,l,J)
0017.., Out.1,1,1,J)=Gull,I,J)
00/8 TC11,1+1,J)=TC(1,1.J)
0114 ORR./Rft.t,J)
--70.       ------··1···CCD:El .VE .., „.=.-..-----
0071 IFIDoll,I-l,JI .EQ. 0.  GO TO 3
0022 60 Tr 4                            #

..0423_ -----3._CiNTIAUT
0024 FULL.1-1.JI-FUll.I.JI
0025 FV(1,1-1,J),Fvll,I,J)

-(026._. . Guil . 1 -1. J ) =Gtj / 1. 1 ..1 I
0027 ut 1.1-1.JI=TC(1,1,JI
0029 DOL=(011,1,JI

L_ . 029 4 CONT TAUR
0030 IF (CRil,I,Jill .EO. 0.3 GO TO 5
00'1 GO TO 6
rir,  7 , rnNTINNF
0033 Full,1.Jet)-FUIt.1.J)
0034 Fvtl.I.Jill-FV11,1.J)
0035 6Vt·I'l,Jit.)=6.Vlt,i.JI
0036 TC11,1 •Jil)=TC(lit,J}
30,7 DPT-OR{t,t.Jl
MIA · h  I r:NT I NUF
0039 if (CRIL.I.J-ll .EC. 0. 1 GO TO 7

' · 0040 GO TC A
_______DC41 7 CONTINUE

0042 Full,1.J-11.FUEL.I.JI
0043 FV(1.1.J-l)=Flll,f,J)
.044 64(.1.,1.,J-,1 1=GV11,1.Jl
0045 TC<1.1.J-11=TC{1,1,JI

' 0046 DRB=C,11.1.J)
_004.7..     _        R_CA)NI INUF .....

0044 FUR-FUlt,lil.J3
0049 FUL=FU 11,1-1.Jl

FORT.4 tv , LFIEL 10 Vlscos OATE - 72173 18/40/2, PACE 0002

0050 FUT.FUC , .Jil
0051 FUB.FUI , .J-1
nns, · FIR=FV I . +I. I
0053 FVL.FV' 0 -1,J
0054 F&T-Fvt . ,Jit
nosr, FIB...EVI , '3-1
0056 GUR-GUI.. •t.J
0057 GUL•GUI . -1.J
./15/ EvT-evi .     ../.1

0059 G,Ba/vt , .J-1
0060 TCRITC, I It.J
0.4/ T C Li'Lc 1.1  m 1,J
0062 TCT=TCI . .J+1
0063 TCH=ICI , IJ-1
On'* I L t .( R S'- 1    , u  . '  Q ..R lY.( Ltl.,-,11 1-.A.til) .1 UY. ( .6..11*.EG . U.Y l L. 1, J ll  .11 N u.

liZSX(t,J} FO.2 ·*Ii,JIL)).AND.IZSXII,J).to.LSIll.J-1} 11 GO 10 59
0065 if C CSYC +1,J .GT. 0. .AND. OR<1.1*l,Jil) .61. 0. .AND. RS¥Ii,JI

I.GT..DEY< +1,J ) GO TO 11
0066 if C CSYC It.J .GT. 0. .AND. 0Rll,1+1.J-1) .Ee. 0. .AND. RSYI 1.J)

1.GT. CSYI *l.J I GO TO 11
nn .7 0.0 9 .1
0069 1 1 C n N f I :ut
0069 FUR 0(Full,I•l,J)•DSY<I•l,JI•FUit,t,J}•IRSVil,JI-OSYCI•l,Jll}
.....__.- _..__._.1  /RSY(I,Jl    .  .. . .  ... ....._.......__...____.._. ..._._...._._._
0070 FVR =IFV(1.1,1,/1*OSY(lit,J)*FV(1,1.JI•CRSY(t,/1-OSYCI*l,J))3

1 /RSY(l,JI
... ._._.0071. __.__-__.. PER •100(1,1-1.JI•DS¥11.-i,J)_*09(1...I,JI'IRSY{l,J)-O.SY.Itt.1.JI)1

1 /RS¥11.J)
0072 TER .ITC(t,lit,J)-OSY(1.1.JI*TC(1,1,JI•(R,SY<l,J)-DSYilil,J)31

-.' - --'----1 'RS'll.J)........
0073 IF (/P .EO. 1) GO TO 414                                 GUR =(GU(1.1 +1,J)*OSY(lit,JI+GUIi,t,J)•IRS¥(l,J)-OSYCT,1,J)))O074

1 /9, Yl/..It
0075 41 CONTINUF
o076 IF CcIttitil,J) .EO. 0. .AND. OSYCI•1.Jil} .GT. CSYI Z,Jill .AND

lin SY< 1* 1, J-,1 1 ..G.T.._CSY (.1.,Jrit.1. .On_ISL. 1.2
0077. 10 T C 42
0078 12 CONTI.UE

_00.79_ ..FUR. ..( Fu l.1,1 * 1, Jtl l.• 10SYI 1 , 11 J.t l l -C SY(.1.,.1.211  *EV( 1,13.1.z_J:11 •
1111SY(141.J-1)-CSY(t,J-111*fult,I,J)•IMSYLI,J)•CS¥(I,Jil)+CSYII,
2J-it-05,11•1,J,1,-05¥(1*t,J-13,1/,syll,JI

-_0090-_____-__.. FVR =IFV{1,1-l,J*11-111SY{til,Jill-CFYit,J*.111*Fvlt,1.0.1,.J-III
1(DLY#1•1.J-13-/f,(I,J-t)1•,v(t,I,JI,ING,(I,J}•CS¥(I,J.i)•CSY<I.
2J-t)-CSY<1*l,J*1)-1)SYII+1,J-1)11//5¥11,11

i...--_..0081..._..-_......._....DRR eli'Iwil,lit,Jill•t:·SY(lit,J,Il-(SYII,Jill)-U'141,1-1,4-11•
1 ( OSY 11 * l,J- 11 -CSY 1 1, J- 1 ) 1 *00 11 ,1, 31 • t ;: Sy l l, J ) *CSY I t, Jil l • CSY ( i,

2.1-1)-DSY11*l,J•13-0Syll-1,J-1111/05Yll,J)

--__.-00 AL, --.. Tf.11 11'/(t.i*l,J+11-11.15,{1*1.J,li-r··yll,Jil))*FC<1,101,J-Il•

111)SY Ii• 1.J-11-(SY{ 1,J-ll liTCit,1. JI'll:SY{ 1.J)*CS'rt 1, 3,1 )•CSYCI,
2J-1 1-/,SY< 1,1, 3,1 )-0 ,/1 1,1, J-1 j j )/PSYI 1, J j

..0003 ........... -..__ 1'1; 1 f'I' •FO. 11 6(i  T,1 43
0084 i,UR •it,lili.1.1..,•11-11,5,11.1,1,11-ISYII.J•171:GIll't,i.t,J-11.

11:15¥(1*1.J-11-(Syl 1.1-11 1*6111 1,1,·H•teS,11, Jj•CSY{ 1, J•13•(Syll,
._......... 2J-11-115(11•/,Jit,-rsyll,1,.J-11'11/'Sy'l,.13

---- -

00.5 42 r.(i·iT 1,·.r

0094 1; {LI'll,1*i..11 .CO. 0. ./.':1). 1'<Yti,l,J•ll .GT. CS'rll,J•1) '.ApJJ.

d
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- -- -I.          . ....------ ... .. .  . ......... ....... .....---

105Yll•1, J-ll .ZE. Cfy<t,J-11  Cn 12 14
00.7 Gn Tr 43

-.._-0488. _-. ..._..14..CONTINUE  .  . .... ..      ...  ............_....._. ........_-_  .
00.9 FLIR '(fl)11,1*1*Jill*INS¥11-1.J•t)-CSY(t,J•1))*IU(lit,Jj•(RSY{l.JI

1*/SYCI,J•11-04(t•l,J•13)1/'SYCI,JI
--00.0. -..f ve   st, V (1,1•1. Jillill,SY (lit, J•11-rs¥ 41, J•11 )•F/11,1, J .I.(AfY It, J)

1-CSY<1,)*13-DSYll-1.Jit))1/RS¥il,JI
00.1 ORR =1111(11.lil.Jill•(DS,Vllil.Jitl-CS¥11.Jitil•DRIl.1.JI•195111,JI

--.... ........  ..-__ ..l•CSYCI,Jill-OSY{t•I,J•1111/°SY It.Jl       ...      ..   ..._„_._
0092 TrR ,(Trit.1,1.J•11•(05¥11.t,Jill-[SYCI.J•111•TCIL,i,JI*(1 Syll,J)      '

• 1•CONIT,/•11-95yllit.J•1111//S•(t,JI

00411.    ___-,__-IF  .1/P   .r o.   I t   GO   Tri   4 3 -       -

0004 C,14 •11,1.1•1.J•11•InSYII.I.J•11-CSY,I,J'*I,i•BuIT,7;'Ji•iRSY,1.J,
1 1+CSYCI.Jill-DS¥I 1*l.J•11) 1/AS¥It.JI

0005 43.CONTIAU[ ..  .  .. ...._. .     ..._.„.._ *,__-_.._._. _-,
0096 iF (OR(1.1-1.Ji .FO. 0. .AND. DSYllit,J•11 .LE. Ciri t,Jill .AND.' 1[15711*1, J-13 .GT. CSY(t.J-al) GO TC 15
00/.7. _ .GO Tr. 44   ...._.... _._
0098 1.5 CONTIAUE

' 0099 . FUR •(FUll.1*1.J-11•(DSYI[*l,J-t)-CSY(1.J-li)•FUIlit,J)DiwSYI[,J)
-_              LICSYCI. 3-11-OSY(1•1, J-111)/ASY It,J).  ._.._-_. .......___-

0100 FVR .Crvil.lit.J-11•IDSYCI•I./-1)-CSY(I,J-ll),FVEl.1.Jl•IRSfil,Jj
1 1•CSY<I.J-11-OSY(101,J-11))/HS¥ti.JI

-_0101 ...1,RR...=( f)111 1,1,1, J-1 1 • ( DSY( l i l i J- 1 1 -CSY 11, 4..U.) *08(.l i t.i J tiI PSY I I I JI
1*CSYII.J-11-DSY,1,1,1-1131/RSYII,/I

'     . 0102 TCR .trrit.1,1.J-1)•iDSYII•1.J-it -CSY (1.J-111•TCit.1.J)*IRSYCL,JI
1 -rSYCI,J-11 -05Yit-1,J-111}/85¥(I,JI

0 0103 iF 1/P .EO. 11 GO TO 44
1 0104 GUR =,Guit,1,1.4-11*(05¥11*l,J-t)-CSYCI.1-1I)*GUIl,t,JI•(RSICI,Jl

.liCSY(t,J-11-DSY(lit,J-1)11/35Yll,JI                     ··
0105 44 CONTINUE

r                 · 0 1 0 6 IF i Cs¥(1-1,31 .GT. 0. .AND. OR(1,1-1,J-1, .EM. 0. .AND. RSY(I,JI
__       ·      1.6 T . - C S Y 11 -1. J i l ..GC . T 0  16

0107 IF C CSYIT-1,JI .01. 0. .AND. 0441,1-1,J•1) .EU. 0. .AND.· RSVil,JI
' I.CT. CSY(1-1.JI) GE TO 16

-109. .60.TOI 45
0109 16 CrNTI,U[

1 0110 FUL .(Fullit-t,J)*CSVII-t,JI*FUIt,I,JI•LASYCI,JI-CSYCI-l,JIll
1 'RS"I.,1,

0111 FVL .IFV11,1-t,J}*CSYIi-1,JI+FVER,I,J)•CRSYCl.J)-CSYCI-1,J}il
1 /RSYII.J}

ntl  D R L -, I n e t 1., 1 -3 ...11.f Cs Y.LIr 1, 4111) P.1. 1,1, J.Ill B.S.til ,;J -.C.SU.lit, J I 1  1
1 /RSY(t,JI

1 0113 TCL =(TC11,1-1.J)•CSYII-1,J)*TC(1.1,J)*CRSYCI.JI-CSYCI-l,J)11
1 'RS"I..,3

0114 IF 1/P .EC. 1, GO Tn 45
' 0115 GUL .(Gull,1-1,J}•CS¥11-1,J}•GUIt,f,J)•IRSYII,J)-CSVit-t,JIll

1 /RS'll,JI
0116 45 CCNTIAUE

1 0/17 IF (CR11,1-1.11 .EQ. 0. .AND. CS¥11-1,Jill .GT. 0Svit.Jit) .AND.
irs¥11-1.J-1) .OT. CSYII.J-Ill 00 TO 17

OIIA GO TO 46
1 0119 17 CINTRUE

0120       ._            .fllk. •IFUI 1,.1-1.J•.11-ICSYI 1-1,J+1110.Syl.t.4tt 11*FUll.,1.:.1,4-11•
1(CSY 41-t,J-11 -DSY (I,J-111*Full,1.JI•APSyll,JI•DSY<1.JIZI •DSY (1,
2J-ll-CSY(1-1.Jil)-CSY(1-1.J-lll)/ASYII.J)
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0121 FV[ •lfvll./liJ•11•(CSY<t-1.J*l)-05¥11*J+13)+FVIL,t-t,J-l)•
1(CSY(lit.J-11+OSY(I,J-1)1+FV(1,1, JI•(RS¥1 1,/)*DSYI 1, JILI+OSYCI,

· 7.,-,l-r"ll-'..l.ll-r<YE,-1..,-1„„R,Y,l..,1
0122 DAL  =104 6 1,1-1 5 J+1 1*(CSYI 1-1. J+ 1 ) -CSY ( t, J+1 I l •DRi t,1 - 1. J- 11•

1(CSY11-1, J-t)+9SY< 1, J-111*DR(1.1, J)*IRSYLI, J )+DSYCI,Jill•OSYII,
7.1-11-rry,1-T,3.11.--CSY(1.-1,J-1.11}/PSY,t,J)                                                  '

0123 TCL °ITC(1.1-tiJ+13'(CSY(1-1.J+1)-CSY(I,J+131•TCil,t-1,J-11•
liCSY(T-1, J-1 1 JOSYIt, J-1 )1*TC11,1,JI•(RSYII,JI+OSY(i,Jill+OSY Ii,
7 1 - 1 1 -/ TY i 1 - 1, 3 * 11.- C SY 1 1 - 1, Jn t ) 1 1 /.R E Y I I, J I

0124 IF (MP·.50.·11:60 In 46                                                   '
0125 GUL -(Glilit-t,J+11'iCSY(I-1,Jil)-CSYCI,J+131•GU<1,1-1,J-13*

1(C S Y..I  t; 1,3-1  1.r D.SY-(.1, 4.- 1  )  1 +Gll l.1  ,  Li J  210 S Y  L l,J i  22.SY.ll.:,11.1.110 S Y /  1,

ZJ-ll-C<Yll-l,J•13-CSYIi-1.J-ll)1/ASYCl,Jl                          0126 46 CONT lf·UE   · · ;i
-127 lE_(CR(1,1-1,11.·,EQ·_061•Ike..(5111511 JI_Uz'..OT·.'·05¥(I.JIll  . Avo.

ICSY<1-1,·J-ll .LEL;E)Sylld.1-11 '60·TE·I · ··/····11•·'··lili ··· '
0128 GC TC·47:'•1.3, .·:. '. .... .. .. , 1./...../, . .' . I'. . . ' . . "

30129 18'cnNT iNu::· .:.i...1·_:.1__.,  .. '
0130 FUL' .IFUll,t-1.J•11*(CSY<1-1. J+11-IDSYIIJJ+113;FWID,1, J)•CRSYIK,Wl

1• OSY 11*Jill-CS¥11-1,J-Ill)/RSYII.J)
n/1/ F VL.LE_LFV C 1, t il, J il ) • I C S Y { I nt, J * 1 1,375¥ ( 1 . J + 1 1 3 • F y( 1 .1 ..11 • i R S Y 1 1 . JI

111*OSYll.J•11-CSYCI-1,J•11})/PSY(I,J)
0132 ORL •11;Rll,1-1,J*11•(Ct¥1 1-11#J*ll-OSVit,J•IlI •OR 11,1411*IRSY ir,JI

1*DSTIi,Jill-CSY(t-.1,J*1111/PSY(I,JI. ...._- .._ .. .....___
0133 TCL =ITC11.1-1,J+11•ICSYIi-t;J•il-MS<lt.J+11)*T((1.1 WI*IRSYIi,J 

1+DSYCI.J•ll-[SYCI-l,Jitlll/PSYII,JI
D114 _IF.-(Me....Fe.:1.1..00.-TO..47:  ·t.' .1 1. 1 " " 1." 1'..11, ''
0115 1 GUL  (Gutt.1-1.JIll'(CSY(1-1,3•1)-OSYCI,Jill} •GUI 1,1,J)•IRSY(I,J)

1*DSY{I,Jit)-CS,{1-1,/+111)/175¥{t,Jl· ., , ......" I ./'.'. ..,
0136 47 ·CONT INtlE .      ....__  ._.
0137 If tcp'(1.1-1,JI .FO: 01 .ANO. (SYII-1.J*l) .LE. DSVit,J*l  .AND.

1CSY ( I- 1, J- 1 1 *GT . DSY 1 1,3- 1 1 I GO le · t 9 ......'.. ,

m" . rn TC.48
0139 19 CONTINUE
0140 FUL -(FU(t.1-r;J-19•(CSY(1-1.J-11*BSTIZ.3*ll)*FU(lit;J •IRSY<I,JI

1+DSY{t,J-11-CSY<1-1,J-11))/RCY#t,Jt '
0141 FVL =(Fvil,t-1.J-11-(CS¥11-1,J-11-OSY(l,J-11)•Flit.i,J}•(RSYCI,JI

1+OSY(l.J-21-CSY(1-1. /-1 Ill/RSY(i.JI
-142 _DRL _.t.(DR i l,1 - 1, J -.1 J • I CS Y 1 1 - 1, J - 11 - CSY.l La, /111 *DR I l . t .J I • I RSY A 1 . J 

1* OSY (I,J-11-CS¥11-1.J-11))/ISYCI,JI
0143 TCL .ITC[1,1-1,J-11•(CSVit-1.J-ll-PSYII.J-l}liTCil,1.JI•(ASyll,JI

1• DSYIt,J-1)-CSY{1-1.J-11}1/RSYcl,JI
0144 lF IVP .FO. 11 GO TO 48
0145 CUL •10/11.1-1,J-11•ICSY(1-1,J-11-OSYCI,J-il,*68 1,1,JI•(RSYll,J)

1 * OS Y.1 1 1 J- 1 1 -C SY C I.-1, J- 1 1 1 1 /0 5 Y { l, J l
0146 · 48 CONTIAur
0147 IF C OSxll,J,ll.GT.0..AND.0011,1-1,Jill.EO.0..AND.ZSXII,JI.OT.

tn.x I t,J i l l 1   Gil   1.   20 .-1 -

0148 IF I Dsxti,J,11 .Gi.o.'.AND.'6Rii,i•in•,1.idiu.:AND'.'ESTit,JI.:T.
· 105% c  I.J• I j   GO  Tn   20

_0149....__ --.60   T C   49
0150 20  C l:NT I Aur

' 0151 ruT sir·11 It.I.J.11•05*11,Jit}*Full,1.J)•iLS*(t.JI-DSXIX,J*1111
.._.__.  *..1   /2 5,1! ,J I

0157 IVT .1,ivil,1.Jil)•CS*Il.Jill•'VII.1;JI•tZSXI'I,JI-03*lt,J•INI
1 //S.{l.JI

.
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6(51      - - -ORT •10011.1.J•11•DS*li,J•ll•DRIl.1.JI•i/Svit .JI-OHil,J•alll

1 //5,/1.Jl
0154  ... _   .-  __ .._ TCT   {TC{1,1.J•1)•05%11.J+11*TCIt,t,JI•l,tS<(t,Jk-OSX (1,4-lll J

1 /ZSXII,JI
0155 tr C,P .FO. 11 60 TO 49

...-01 56..__.....____._ GvT   . = (C\1 1 1,1,4,1 1.•1)f*1.1.i J•I t. • Gyl.6 Lt,1121 t-3,x i i i J IZQ SK.1.1,4.* 1 1 1 1
1 //5.11.J'

0,57 49 Cer INCF
0159 .... __ --.tr ([1111,1.J•ll .EQ .0..AND.DSKI 1-1.,J+11.01.CSRI 1.-1.,11.,AND•

LOSX11-1.J•11 .GT.CS*11-1.Jil GO TC 21
0/59 GO Tr 50
Ot60._....-_.11.Ct'N tAU'
01.1 FUT .4 FIt it,lit.J•l)•105*(1•t,Jit)-CS*(1*1.J))•FUIt,I-1,Jil)•

It DS*I t-1.J•11-CS*t 1-1. JII•Ful l .1, JI•iZSX( 1, JI,CS.Xt lil.JI*
........_._.....-_-__2CS*11-1, JI-DSX(I•.1,J+11-05*11-1,J+11)145&(l,J) . ......._.....

Ol62 FVT -CFV(1,1*l,J+11•(DS*11-1,/•11-CS*ll*t.J}lilvll,1-1,Jill•
1105*(1-1,Jill-CS*11-t.JI)*Fvil,I,JI•ILS*il,J)*CS.Kilil,J)+
2CS*(1-1,11 -95*It-1, /,1 1 -t)Sx 1 1-1, J.111}/  5.1 1, JI

0163 ORT .10411,1-1,J+11•(DSHI•1.J•ll-CS*llit,JI);01<11,12'1.J+11•
• 1 105* 1 1-1.J•l l-C Slit-1./11 •'10 (1.1.J) •C Z S* (I.J I-C SIA I•1.J I•

205*11-1, J)-lISKI 1*1, 4*1}-05*11-1, 1•111 1/75%1 1, 31 ..__--._
0164 TCT •<TC(1,1•1..)*11•(OSACI.1,/*11-CS*(1•l,JI)*TCil,I-1,J•lla

11 05*it-1.Jill-CS*(1-1,JII•TCIi,l,JI*125:11,JI;C SA& 1-1.JI*
2CS)(1 1-1, J)-DS/11-1, J•1 1-15*1 1-1, J*/111/ZSXCI,:1

ofAs . IF (/P .FC. 13 Gn Tn 50
0166 6Vt .16Vt/,1-1.J*/3/IUSjl/*l,J+I)-15*11*l,JI//l,vl/,1-1.. *1//

1 ( reX i f -1, J * 1 1 -CSX ( 1-1, J 1 } •GV I 1,1 i J I * C Z 5*( I i J ) * C 5.41 1 + 1.1 1 •
20 SX 1 1-1, J )-DSX I l • l . J• 1 I-DSKI 1- 1. J• t i l l /ZS A l 1,21

0 0167 50 CONT IKUS
0 141.... _ ____ - __ I F.. 1 CI (1,1,J i l l. E O .0.. AND .1'5X 1 1*1, J.9 1 1-•41....C Si l t t l,J I. ANO .

105*11-1.J•1) .LE.CS*(1-1.J)) GO 10 22
0,60 GO T C 51

--170... 77 CONTINI:r
0171 FUT ,(FUll .101.J+13'(05*(1•1.Jill-CSKII•l.JII+FUll,t ,JI•

11 LSxtr.JI+CSX{t*l,JI-DSACI•l,J•lltl/ZSXCI,JI
0177 FVT..=(FV11,1+1,J•11•(OSI(1*2,4,11-csxlt.l,JI)*EVIl,i,J)*

1115%< 1.4 1 +CS/11•1.J)-05*{ 1 + 1 ./•1 ) 1 1/15.<(i. 4 1
' 0173 ORT .ingll.1•t,J*lb•(!)Sxlt•l,J•1)-CSICI•l,J))*OR(l.I,J)*

1 a ZSX.11., J I +CS At.1+1.,11 -OSAE 1* 1, 4 *1 ) 1.I/.25Al l, J )
0174 TCT •(TC<1,1+1,J•lt•*05*11*1,J+1)-CSXII•l,J))+TC[lil,J) 

1125*11.J'•CS.11*1*JI -'S *(I.l,J.1/)'/ZSX<i.J)
-0179 IE„IFP ..29., 1 . GO,-TO. St,  ... ... .._._,_.

0176 GVT .(Gvil.t•t.J.11•10Sxil.1.J.11-CS*(1+1.J))*Gvilit.JI-
1(ZSXEI.JI•CS*11*1.JI-05*11-1,J*llll/ZSxil.JI

6177 51 rrNLIAHF
0178 IF *CR11,1.J+11 .EO.0..INO.OSXIl•l,Jit).LE.CSXCI+L,J).AND.

105*11-1,J*l) .GY.CSKII-1.JII 69 Te 23
0179 GO T.C..5'
01.0 23 CONTINUE
0181 FUT.IFUlt.1-1, J.11•IDS*( 1-1.Jil l-C<Xt 1-1. JI 1*FUI l.1, Jlit

1 7 S U 1, J ).*C S + 1 1 - 1,.J I -1) 5* 1 1  1, J ..1 J .) 1 / L S, ( I,.4 1
0182 FVT.(FV<1.1-1, J+11'105*1 1-1.J*13-CS*t 1-1. JI )*FV(1, 1, J)•1

1ZSXI I. MICS*( 1-1, J)-DSxt 1-1, Jill l 1/LSAII.JI
0'., ORT,.(091.1.1-1.J+11•(05*It-1, J+13-CS* 1 1-1, J) 3•[,11< 1., i,Jlit

12 Siti.J).CS,11-1,J)-US xIi-1.J.13}1/25%(1./
01R4 TCT= ITCI 1.1-1, J•l )•(DSII 1-1, J+ 1)-C SIC 1-1, Jl )+TCI 1,1. JI•I
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12SXCI.J)•CS*(t-1.Ji-OSICI-1.J•11)1/ZSXII.JI
Otis IF IMP .FO. tl GO TO 52
Ill. (:vT. IOVIt.1-1. 1+11•COSXII-1..jill-ffXC 1-1 ..13 3 +GVII.1.Jlli

1ZSX< 1.JI•CSXA 1-1, J)-DS*(1-1. /•13))/ZSXCI,J)
0187 52 CONTINUE
MM 1% 6 r,iXil,JIll.GI.0..AND.Opll.1-1.J-1).EO.0..AND.ZSKIi.JI.GT.

1CSX< 1.J-1)1 Gn TO 24                                                                                                          -
Ot.. IP I CS*11.J-11·.GT.0..AND.CAll, 1*1.J-1).EO.0..AND.15*11,JI.GT.                                    1

1/sxit..)-113 Gn TO 24
0190 GO TC 53
0191 24 CONTikuE
01.7 F.B .'Htl,1.J-13.CS*ti.J-1,•FU( 1.1.J)•(25*ti.J)-CS*,1.J-111)

1 /15/ti.JI
0193 Flf *iFV(l,I,J-1)•CSXCI,J-1)*FVIl.1.J)•IZSXIIJJ)-CS<11,3-11)1

1 /,SX,/.,3
0104 DRB .10711,1,J-11•CS*(l,J-11*OR(1,1,JI•IZSXit,J)-CS*ll,J-Illl

1 ./SNit.JI
0195- TC B ...9 (.T C t l s t.0.J -_1 )3 C S* 1-l i J =1.) 1.1 f l 6.L J 11.iL-SAI.Li J I =C,SX- Ll Lk 1 1 I I

1 /ZS/(l.JI
0196 IF (/P .FO. 1) GO TO 53
n'r,7 /VR nirvtt.1.1-11 -/SXII. .i- al*GVrl.1.JIIAL SH 1.Ji-CSXit.J-133)

1 /ZSXIi.J)
I .0108 53 CONTINUE

-1.99 --.____ _     iF.  (.Ce (1,1, JI. 1 1 · EQ .0... AND·(:18.1.1 t li.*=.U., G J...P_S X.I D li. J I ...BY.[h CSX I t - 1.J
1-1).GT.DS*11-1,Jl} Gn 70 26

0200 Gr TC 54
_0201.. A C-NUAF
0202

'

F IJB = t Fu l l . 1 + 1 . J- 1 1 • I C S X ( 1 + 1. J - l l - DSX 1 1 * 1 . J I I •F Ul t.1 - 1 . J- 1 1 •
' 1 (CS*(1-1.J-t}-DS*It-1.31)* FU (1,1.Jl-(ZSXI'l.J) DOS,(1•1,JI•

.W
__205*.1.1-1, J}-CS* 1 1 -1, J:Il )-CSX< 1- 1, J-lilI/Z S lit,JI

0703 FIB .CRVil.1*t,J-13-(CSI{1*I,J-ll-OSX{1•1,/3),Fvll,1-1.J-1)*
1* CSX 11-1.J-l)-05*(1-1.J)1*Flit,1.J)*IZ S.,iI,/} +05*il*1.J)*

_--2DSXI 1-1.J)-C.SXI I.+.1, J-1 1-CSIC.1-.1, J-13 11/LS*(.1, 41
0204 ORB .(n,il,I*l,/-1)•ICSICI•l,J-il-C cx 11*i,J)) *UR (1,1-1.J-·ll-

i ·.            lIC EXIt-1.J-11-05*11-1,JI) •00(1,1,J)•125*1 1,JI•DSACI•l,JI•
'DSX C Irt,JI-CSX{ 1,1, J-11-CS,1 1-.1, J-1 1,1/Z SX iii JI

0205 1(8 -(TC<1.1-1.3-11•{CS.ilit,J-1)-CS,(1*l,J)1*TCil,i-1,J-13•
lir.S*11-1.J-11-05*( 1-1. JI)•1(11.1.J j•(ts,< 1. 41•0Sk< 1,1.JI•

· ·               709*1 1-1.JI-CSXCI•1.J-11-CAL-tzt, J.Z.11.1 1/ZSACI. 41
0206 'F lip •FO. 13 G.1 TO 54
0707 GIB .16Vil,1-1.J-1)•CCS*11*1.J-13-05*(1*1*J)I•GV(1,1-1,J-13•

11(SX (1-1, J-11-·)5*11-1, J ))*OVII,l,JI-1/SA{ 1, JI•JSXI tti.,J)•
2.EXI 1-1, J}-CS,1 1.1, J-t)-CS*11-1, J-113)/ZSAil.JI

' ozon 54 CCNT 'AUE
0209 -__- IF (CR.(1,1,J-11.8(3.0..ANI).CS&.(1-1,J-:11·iiI...0>311*l,JI.AND.

1CS*11-1.J-11 .lE.DS*11-1.Jll 00 10 21
0210 GO T C 55
0211. Z..         ..._._.._.-
0212 Full .trull.lit,J-1,•(Crk,1,1.J-11-f.5,11,1,J))•FUIi,t,JI•

1                                                           1 11 S XII.J)•0 5 111•1.Jl-CS)Iit•t. J-11)1/LS,11.Jl
.__0213 _-_. -.-_...fvO ,(rvll.1•1.J-11•(CS),11•1.J..11-r.fxit,1.JI)*FY(1.1.JI•

1115'11•JI•1).XII•I,JI-CS'(1•t,J-/111//5.11.Jl
1 07/4 .PA oil'141.lit.J-11.ICS#flit,J-11-"<Xtlit,J)}•0.11,1.JI•

..  ...__.. ..._........11,5,(1,11-1:'.11.1. J'-C,it.i..)-1113//'I'If ,J)
0215 ICA •11<,1.1•1..1-1,•ICi,11•1..,-al-r<,11•1.JII•ICII.1.411

1 1 I L S I C I,J ) • 03 •1 1•1.J N"CS *1 1•1,4-1 1)1/2"1 1.J)

.-
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0216 8 TATJL ''IVTS-'181'9
0217 GVB •IC.vll.l•l.J-11•ICSXII*1.J-11-05*11,1.JIB*GV(t,|,JI•

...._-_. ....._..._.__..... liZSX<1.JI+US*11*1.JI-CS*11*1.J-1 )1/ZSX(1...11
0,/A 55 CCNT INUF
0219 IF COACI,l,J-ll .FO.0..AND.CS*11•t,J-ll.LE.OS*11*1.Jl.AND.

..._-_...           ....ICSX{1-1.J-11 .(>r.OSAII-1,411.,or .1< 28
0,20 Gn T r 56
0221 28 CCNTINUF
0222.._- -_._. FuucIFUll,1-1, 4-11•(CS)(11,1, J-11-rS*11-1, 41 1.-rUit,1, JI•t

1,5,< 1.J}.05/1 1-1.J,-CS'(t-1, J-/1 3 1//S*11, JI
0223 FIB. (FVC 1.1-1. J-1 1•(C.•ix{ 1-1, J-1 3-1'5,( 1-,1, JI 1*Fvt l. i, J •1

._- ....            ILS*(t,JI•Prxti-Li Ji-Crxll-I,J-1111//5.11, 41 ....._
0224 DRO• 10, 1 1. 1-1, J-1 3.(Cs*(1-1.J- 11-CSXII-t,J„•DRI l, t. JI•1

1/SAI I,JI•OSKI 1-1.JI-CS,1 1-1, J-t) 1 1/ZSXII,J)
.0725 TCD•(T<(1,1-1.J-ll•ICSKII-1,4-11-rS*(I-l,JI)*TC£1.1.JI•t

1/Sxti.J)*05*( 1-1.J,-CS*,1-1.J-„„„S.El.J,
0276 IF 1/P .EO. 1, 60 1,7 56

..0227 GV H . I GV 1 1,1 -1, 4- 1   • I C S X 1 1 - 1, J- 1 1 - r S * 1 1 - 1, J I 3 4.Ov t 1,1, J 1 • t
izs x1 1, Jl •n.*1 1-1 .J,-Cs* 1 1-1.J- it 1 3/ZSKI 1, J,

0.29 56 CONTINUE
...0229...._--     _.IF .ERSY<I.JI.GT.OSyll.1, Jl .ANC...CSYClit,JI.GT.0..Plo.DR 1 1,1-1.

U-1).GT.0..AND.OR 11,1.J-11.Eo.0.1 Gr TO 30
, 0230 60 TO 57

0-1 -_.-30. CH.TINUF
0212 FUR •(Full,lit,J-11•IRSY(1.JI-OSY(1*1,JI)*FU41.til.J)*DS,Yll•t,JI)

1 /ni,11.Ji
0211 F v R. .M I FV i l, l t l . J -.L l,1 I R S ¥ Il e J,l: Q S.Y l .1 11 . Jl 1-3-E .V 1 1 . 1-j.L,J ) .90 SY ( 1 .*. 1, J I  

1 /RS/(t.J)
' 0234 ORR =10Rit.lit.J-11-(ASY{ 1,J)-DSYCI+1.JI)'*OR(l,lil.JI•OSYCI•1.JI 

..__-_..1../RSYII,JI.
02,5 TCR .ITC11,101.J-11*IRSyll,J)-CS¥(til,JII•TCit,101,JI•OSYII+1.JII

1 IRS'll.JI
.0236---_ · lF.192..Fl· 11 Gn TO 57
0237 . GUR 0(Gult,lil,J-11*IRS¥11.JI-CSY(1.1.JII•GU(1,1.1.JI•OSYCI+1,J )

1 .ASVI/.JD
___0238. __ 57 rONTBOF

0.39 iF t:SICI..11./T.nS,11..)*11.AND. DSXIT.J•11.07.0.,AA),OR*1,1-1,4-11
1 1.Gr.0..AND.CRil.1-1.J).EQ.0.160 TC 31

0,4n r. Te S.
0241 31 CONTINUE
0242 FUT ,(Full,1-1,J+13•ILS)((I,J)-DSXII,J+1 )*Full .1,J*ll•

1 05*(.1,J.1.11/ZSxlt•.11.--
0243 FVT .CFVil.1-1.JillvilS*(1,/1-DS*il,J•11),FVCJ,t,J+11•

1 0Sxti.J•111/ZSxti,Jl
044 nir .tr„1.,-1.1-1)•,25*11.Jl-DSKil.J*133+DRIl.1.J+11*

1 DSXII.J•11)/ZSX(l.JI
0245 TCT -17(11,1-1.JitI•IZSXIC,J)-DSICI.J•ll)*TC<1,1,Jill•

, "SX</,3.111//SK< 1,JI
0246 IF (.p .FO. 1, on TO 58
0247 · GvT .EGV11.I-1.J+11•1ZSXIl.J)-CSXIi,J•113+GVIl.I,J+1 •

1 CSX//,Jat)/LZSX11,11
0248 58 CONTIAUE
0240 IF IRSY{t•JI.GT.OSY,1,1,J).AND. 05.11,1,Ji.GT.0..AAD.

11'KI.1,141, J.I.i) •01.0.•AND•DRI 1. 1.Jill./0.0. 1  60 TO 61
0750 GO To et
0251 61 CONTINUE
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0252 FUR• Full.101.J•13*(RSYit,JI-OSYCI*l.J))+FUlt.lil,J}IDSY(1•t,JI)
1/RSY 1.J 

n,9, · FUR- Fvil.lil..1*11•(RSYII.11-DSY<1,1..131*FVK1,101.JI•DSYI1*1.Jil
1/ASY I,JI

0254 DRR- CRil.til.Jill•IRSY(t,Jt-OS¥li il,Jlliolull,til.JI•OSY:I+1 .JI)
1/RSY I ,Jl

0255 TCR• TC11.1*1.J•1) IRSY(I,JI-DSYII,1.JII+TCll,I•1.JI•DSYCI•liJII
1/RSY I.JI

0"A ··- CIR- Guit.101.-1+13•(RSYit..11-DSY(1*1..)11•GUil,Iil.Ji•OSY  til.Jil
1/RSY 1.Jl

0257 N CONT NUE
' O,5. IF i SXII..11.Gr.05*11.Jill.AND. OS*il.Jill.GT.0..ANO.ORN.lit,Jill

1.GT.1..AND.OR{1,1+1,JLEO.O.I GO lC 62
0259 00 T · 82
ni n .7 r nur , i,•                                '
0261 FUT, FU(1.1*1.J+11•iZSXIL.JI-DS*Il,Jill)*Futl,I.J•13*OSXIi.J+1 3

1/ZSX I.JI
076' F VT=  F V  1,111, it.113.( Z S KI I .,41-::A5%.U.a,tt l U /EV,1.1 il_,ALU.325 81 1,J•1}1

1/LSX 1.JI
0263 ORT. 08(1,1*l,J+1)*IZSXCI,JI-DS*il,J•lit•DRilit,J+1)•DSUI,J•ll)

1/,SX '.1,
0264 TCT= TC(1.1*1.J+1)•IZSxll,J)-05*il,J+11)*TC(1,1.J+1)•OSM I.J+111

1/ZSX ',JI
--9261.-_._, ___ _..G vT i.  f,9 1 i.1.t,1.,,421.1/-1 Z.3 X f t., J 1 2-x t,L,J.it Llflivj.1,1,191 Pj11.1 , J.t..1 1 )

1//SX 1.Jl
6266 82 CONT NUE

.

____-3,761 I F- (t SYC t,J I .GT.C.SYilzl, ,11.AND -C.: Y (Irl,Jl.61.0.·AND.
10Rll.1-1.Jit).GT.0..IND.OR(l.t,J•1).EQ.0.) 60 TO 63

026. Gn Tr el
0269__ 63..CONTINUE
0270 FUL=IFUll.1-1, Jill•IRSY(I,JI-CSYI 1-1, JI)+FU(1,1-1, J •CSYC 1-1.Jil

1/RSYII.J)
0771 FV.=(FVil,Lr-1.J-11*IPSY It..11-r. SY(1-1.JII*Fvil.1-1.JI•CSYC 1-1. J Il

1 /0 SY < 1 .J 1

0272 DRL= toR(1.1-1, J+l 1*(RSY I I.JI-C SY i 1-1,'JIA+DRI 1,1-1, JI•CSYI 1-1, MI
1/OS¥/1.J)

0273 TCL• C TC 1 1.1 -1 . J *1 1 • I RSY C 1, J } -C SY 1 1- 1. J 1 1 *TC 1 1,1 - 1, JI •C SY 1 1 - 1 i J I I

1/,SYI/.J)
___027.4. GU L, IGU 11..1.- 1, Ji l J.E I P S Y.1.1., .11: C SY.LI= 1,-J.1 1.1-S U.i L l - 1. 1 /.5 lY. 1.1 -.1 41

1/RSY(I•JI
0775 83 CONTINUE
D 27 6... .Ic. IRS,(I,J).GT.CSY(1-1,Jl.AND..CS,1.trl,..11.GT.0....AND.

1014(1,1-1,J-ll.GT.O..AND.DRN,1.J-13.Ee.0.1 GO TO 64
0277 (11 10 AI
0278.- .___64.CMT1446 ...-.-·--...
0279 rut.. Cr,111.1-1.J-11*CkSY( L,JI-CSyl 1-1.JIJ •FUI 1,1 -1.JI •CSYit-1.,MI

1/.5.11.Ji
..0290 F'VLo (Fvt lit.-1., J-.lIV/.SYI 1, JI:(.SY.I t:·.1, JI)•Fvt 1,1.-1'.JIECSY.( 1-1, J) 1

1//9/{t,Jt
0281 01<L=(Dell.1-1,J-11*IRSYCI,JI-CSYll-l,JI)+OR(l,1-1.J:•CSyll-t,JII

__  ..._._-.-..1/.SY'1, /1  ........ ..   ....   -
0202 L l .I T C I i.1-1.J- 1 1'1 P S Y (t ..    -·C· SY i 171 .J I , •i c t i .-1 - i .'J FRsh i-1.J I I

1/RS'll.JI
...02.3. __.  r.lit.tr'Jll,1-1,J-11''WSY<t,JI-(.SYll-I,Jll•LU<1,1-1,JI•Colt-I,Jll-.........

1/ISY Il,Jl
/ 2 n 4 81'• C mit·•.•

A
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07PS , fi"/i'xii'.--i-.6*-Eix'11",J-1 i.'-A·n:  EE'i r.' J-'1 1 .Li ..0,1-.'i-13.

lt'Mil.lit.J-11.Gr.0..AND.ORal.l•l.Ji.[Q.U.) GO TO 65
-_-__.0206 ... GO TC P.;

02/7 65 CllrlluF
02.8 FUB • ( Ful 1,1 - 1 . J -1 3 • I L SX 1 1 .J I -C SX i l, J- 1 1 1 * Fu l l . I, J- l l •CSXC I, J- i l l

1/£5% 1/,JI ...__--....    ....._-__.  --/.... ...         _.....
029, FVO=trvt l.lit,J-1 1•125*11.JI-CS*t I.J-lll•rvt l.1, J-11*CSIi 1, J-il l

1/15*/1.J}
-290._. .- DIIA:tru{1,1-1,J-,1 /•iZS)itt,J)-CSKIL,J-111•UR(lit,JzleCS)(It,J-Ill

1/LS*(i.JI
02.1 TCH, ( TC 1 1 . 1 •1 . J- i t • ( Z S X C I . J 1 -C S* 1 1, J- 1 1 ) +TC C 1,1 i J- 11 •CSX ( l, J - 1 3 I

029/ GVB,(Gvt l. 1*1.J-11•ILSX(I.J)-CS*t 1.J-t))*Gvttit .J-11•CS*1 1.J-t) D
1/ZSX{/.J'

.0243... -05. Cl.ItITIBUE   _.._.....-._._. .   _.- .
0794 IF 125*11.JI.C.T.CSxll,J-ll.AND. CS*11.J-ll.01.0..AM).OR·11,1-1.J-13

1.(,T.O..AND.ORit,1-1.J).EQ.0.1 GO In 32
0245 on T<„159
0796 32 CONTI UE
02.7 FUB =IFull.1-1,J-13•IZS,(I.JI-CSXII,J-1))•Fult.i,J-lI•CS*il,J-1)1

1 /ZSX(l.JI
020 8 FVA *IFV(1,1-1.J-11•125)1(I.J)-CS*11.J-l))•Fvil,1.J-13•CS*11.J-1)1

1 /ZSKit.J)
0200 D RA   . (1 1 1, 1 - 1, J. -l l• . (2 5%1 1,J ):- C S x ( .Lt,1 ·zl 1 L 1)8 1 1 ,1,Az.l )1C S * I t,J- 1 1 1

1 /.ZSXIi•J)
0300 TCB •( TC ( 1,1 - 1 .J-1 j. l isxi t, J I - r.SX 1 1 .J-11 3 *TCi l . 1.J-1 3*CSX{ 1, J- 1 „

1 "f.''..1,
0391 EF IMP .FQ. 11 GO TO 159
0302 GVA =(Cvil,1-1.J-11•125*<I,J)-CS*(I,J-131'*Gvil.1.J-11•CS*li,J-lll

1 /15*11.Ji
0,03 159 C/./INLE
0304 iF f l .l E. 14) GO TO 777
0305.„___ i G  .(J  ..GT.-JM I. K„-1
0306 IF IJ .LE. J41 Kal
03'17 iF IRSY{i.JI.GT.CSY(1-1.Jl.AND.CSYCI-t,J).GT.O..AND.OR<lit.J-KI

-             1.GT,0..Aln./.Sxlt,J-KI.FQ.0.1 GC Tr lot
0308 GO TO 102
0309 101 Ful.full.1-1.JI•CSY(Z-1,JI•FUll.1-1,J-KI•IRS¥It.JI-CSYCl-1.Jill

1 /'SY 1 r .·11
0,10 FVL- (Fvt 1,1-1.JI•CSYC 1-1, J)*Fl I l.. 1-1, J-KI•tRSYI 1, J t-CSY< 1-1, JI ) 3

1/ASYCI,JI
-311....__ . OR l • I nA (lit.- 1 1.4 1 /C SY {.l i l i J ) £.DB 1.1 i.tz 1 i J -,fll{ R SY.1 1 LJJ. Slt 1-1,J I I t

1/RSYll.JI
0312 TCL,ITCt 1.1-1.J)•CSY< I-1.JI*TCI R, 1-1, J-K)•ARSYI 1, J)-CSY< 1-1, J)1 1

1//SY.1 1.  :I
0313 GUL• (GUI 1,1-1.J)•CSVI 1-1, JI*GUII.1-1, J-K)•IRSVit , J)-CSYCI-1, JI j l

1/RSYll,J}
____olli_ 102_IF 1 A S Y 1 1. J L GT .D S.Y ( l i l . J ) . AN D .0 59.1 1 • 1.4 A., GI . O UAND. ORj.1,1, J-K I

1.Gr.0..AND.ZS*fl.J-Kl.EO.0.3 GO TO 103
0'15 GO Tr 104
0 16 107 -f UR ..CE V i 1, 1*.6 A 1 I.P SY I.t.t 1 44 1 EF.W .1.l Lill ...El I.Lt B.$ 11.L, ·1.1 - Qilltt l, J ) 2 1

1/ESY(t,JI
0317 FVReIFVIl.lit.JI•DS# 1,1.JI•FVIt,lit,J-KI•IRSYil,JI-DSYEI+1.JI 3

1/Rsyft 'll ...._-_ .......... .._........_-_._.___.._*.-__...
0318 O RR • COR I 1.1 * 1, J ) • D SY ( 1 * 1, J 1 * OR < 1, l i l . J-K j • I R SY I t i,J ) - DSY C I • l, J ) ) 1

1/RSYII.JD
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0319 TCR.ITCil.til,J)•OSY<lil,J)•TC<1.til.J-K)•CRSY(t,JI-DSYCI+l,J) I
1/RSYCI.JI

0 20 FIR-(El·,1.1*t..11•ncY,1.1..13.Guil.lit..1-Ki•iRS+11.JI-OSYII+1. 13,3
1/ASYCY.JI

0321 104 if <CS,(1•1.J•Ki.Gl.CS,il,J+KI.AND.CSYII,JIKI.GT.0..AND.
IDRI L,1.01,4.3..GT...0.-.AND ..Zcxllj.i.Ji-;ig.Q.·13-0__LO_.105

0322 GO Tr 106
0323 105.EUR- FU<1.1.1.J•KI=405¥11•t.Jill)-ISVil,J+Kll*+Uil,1•I,JI*IRSYCI,JI

l*/CY l,J•K):-OSYtill.,J•KI) 1/9.5Ylle .11
0324 F VR• I FI C 1 . l i t, J• K } ' C OSY ( 1 - 1, J. K I - CSY C I,J IK I ) •FV ( 1 0 1+ 1 . J I* IRS Y [ t i J I

RICSYCI.J•KI-DSY(1*I,J•K))1/PSY(l,JI
' 0,7/

.D. RBi.1.OR.1  1,1 0 1., J.tB ) f.1 11 S.Y. I  t  0.J.* K }.- r S Y.LL, LiK.L,Li08. U.1.111 :111(81Y A  t· ·I t
· 1*CSYCI,J+K)-OSY{1-1,J+KI)1/05/(I,JI

0326 TCR•(11(11.1*t,J•K)•105Yllit,J•KI-(SY<l,J•Kl)*TCIX,I+1.JI•tRSYII,J)
1"cyt 1, JiA.1/DSYU -li Jv l l ) /P SY 11., 4 1

0327 '

OUR= Gull.lit.J+KI•IDSYIi•1.JIX)-CSVII,JIK)I•;Ull,1*1,J)•tRSY<l,J)
RICSY I,J*K)-DSYCI•t.JIK)))/RSY(l.JI

0329... 106.IF..1.J .GT..JM) GO.TO.778
0329 IM 1 ZSX: t.JI.GT.05%11.Jill.aND.05,11.Jit).6.1.0..ANO.DRit,1*1,J,

1·GT.O..AND.RSY(1*l,JI.EC.O.I GC TC t07
n,in Gn TO Iri
0331 107 FUT. FUll.1.Jil)*OSXCI.Jil)•FUIL.lit,Jit)•IZSill.J)-DS*It.J+113)

1//SX I.JI
0332 ....._...-._..._ FVT= Fv(t,t.J•ll:!05*It,Jill•Fvll,1 0.1,J.-1.1-,IZS*(.1,J.1-OSAIt,JIttlt

1/25. l,JI
0333 ORT- Cell.I,J*ll•DS*II,J,1)+DRIl.til.J+ll•(Z3*il,J)-DSXII,J•lll:

1/75* i,Jl
0334 TCT• TCit,i,J•11•05*11.J•11•1011,1+1,J•19*115*11.J)-05*lt,J•t))I

1/25* 1,JI                                  ,
v                             0135.-._.-GVT. Ovili.l,J•.11*.0.5*il.e.J•11+G.Z,Iti.1- l,J.11-1.9(ZSXI.i.i.41--MS.Kit,Jtltll

1/.SX /.JI
0336    ·- . 108 IF 4 5*(I.JI.OT.CS*11.J-1).AND.CS*Il,J-lA.GT.U..AND.DR<1,1•1.J)

-_..   ·   1.GI.,:..AND.RSY.(1+1, J).£9.0.1 Gr Tr log
0337 GO Tr 110
0134 109 FuB  FUEl.l,J-1)•CS*(I,J-11*Full.lit,J-1)*CZS*lt.JI-CSXil,J-Ill)

1//SX l,J)
0330 FVB- Fvit.l,J-1,•CS*11,3-1,•fvll.I+1.J-1)ICZSU I,J)-CSXCI.J-11)I

1/£5* l,Jl
--34 8 ORB..  OP.1 1 .1,JzlILCSX(li J-1.It09 11.till Jzl -11. Sxt liniCSKU,Jz.lt n

1/lSX I.J,
0341 TCB. Tcll.l,J-ll.CS*11.J-11*TCil.lit,J-13*t/Svit,Jl-CSxlt,J-liN

-......_..              1/ZSX  I,JI. .....„.. _......_.... _..._..._____-.......
0342 GVA. Gvt).1,J-l)•CS*il.J-11*Gvll,1*t,J-1)*(ZSA(l,JI-CS*41,J-lll)

1/ZSX.t..13
..0343.._---.._110 IF  (CS)ill-1,J-11.Gr.OSXCI-l,Jl.IND.05*11-1,4).GT,0.,AND•

LOP( 1.1 it,JI.GT.0..A·,0.RS¥11•1.·J).FC.0.1 GO TO Ill
0344 Glu Tq t,2

.-   03.41   -__111 rt,R.(F.Jit.1-1,J-11•1,5%11-1·,J-11-rsx(1-1.,Jk)*Fult,I,J-.11-11)5*61-1,
1 J )., 5, f t ..13-, 5,1 1- 1. J- l i ) 1// 5,11 i J I

0346 Fvg.tfvll.1-1.J-11•(Cirll-I,J-1)-rSXIi-t,Jl)*FVEl,l,J-ll•(0Sxit-1,
....... ......._........__._..1JI*15*ll,JI-CS*11-1,J-1111/LS*(t,JI

01/7 n#!i• 1,„ti .1-1.J-11.1:51(11-1, J- 11-·1:sxt 1-T.'J'i7•(,1,1'i-,'1.-4111'.,Ds*(1-1,
1 J 1 * 7 5 1 f I . J ) -C S, 1 1- 1, J- 1 1 3 1 ; Z S c l l, J I

7--1349 Tr., irrt.1.1-1,.1-1 1•('.„11-1,.1-1 1-r.,It-I,JI).TC<1,1, J-il•Il S<It-1,-_
IJ,•.'I•,1...,-'.5,1 1- t.'- 1 "1'.·5•/ 1../,

0,49 (.....1,;Vt£.1-1,J-11•1'.S'It-t,J-1,-1'5*11-1*J"-6/11,1..1-1,•(1)5'It-li

'1
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PAGE._02:It .--Ill) 1.-I-.................-

'IJ I Tisxi'I .J-i-eixA,i:J-i'i 1 1/15: t l.J I
0190 Gr, T't 1 22

.0351 ...__ ... ....778. CCNT INU[
0352 IF ILSXII.J}.r.1.CSXCI,J-1 .AND.CSXIt.J-ll.GT.0..AID.ORIB.til,JI

1.Gr.O...A,In.RSY,I•l,JI.Fe.0.1 Or Tr 117
0)53.........._.-- -...*Gr) TO ill · ·
03<4 1 1 7  Fun. (F i l    ..1.J- ti•23-xii. J-i , • ruii:tit.J--iT:i Zi 1.I t 31-2-sx , i .7- 11 1 1

1/LS*//.J
-0355_..._ .-_____FVB-(rvl .1,J-13•CSXCI,J-ll-Fvll,1,1.1-lj,ILS·'.ti,J)zCSALI,J-1)13

1/25*11.J
03f6 ORB. 10"t .1.J-1 1 •CS*41.J-1 1.00 1 1.1 •t .J-1 D •'25\1 1.J '-CS*11.J- 11'I
- · ··· ·-....-·--._1/ZSX(t,J  I  .........._......_..  .  ... . . .....-./9.--_ _--.    .*._  .1.-/..  _
0,57 ICB•(TCI .1.J-13ICS*11.J-11•TCll,1,1.J-11•184 I,JI-CS*Cl.J-1113

1 1/ZSXIt ,J
0358 ._ .043•(GV< .1,J-11•CSX{I,J-1/0GV{ti.1•t,J-13*(ZSXIC,JI..CSKIi,J-1/11

1/25*11.J
1 0159 118 iF ILSXI .J).GT.DSXCI.Jill .AND.DS)11LJ*13 .GT.0..AND.DR11.1*l.JI
--....... .1. GT . C. . /1 10. A SY < 1.01 i J I . F.Q .0.1 ..6.C.-TC...119._-_.... _ ____-

0160 MT C   12  1
' 0161 119 FUT.(FLI .1,J*l)•OSICI.J/11*FUIl,1,1.J*1)*(£Stlt.J)-DSX ttiJ•ll)3

1/ZSXil.J
0362 FvT.iFvt .t,Jill•DS*ti,Jill •Fvil,1 01.J•l)•iZSY.ll,JI-OS*ti,Jill)3

' 1/ZEXII.J
___Dlel ORT-tOol ,I,J•11•05Xtt,.J•l)*0911,1•.1,Jil-11(ZSY(l,J)-05.xI.I,J,1111

1/ZS'll.J
1 0364 TCT,iTCC ,1,J*1)*05xlt.Jill•TCCI.1*t,J•13•125711.J)-DSXCI.J•11)1

-- El'4'5 '
GVT-IGvt .r,Jil)*DSX(l,J•11*Gvll,1*1.J+11•1ZSICI,J)-OSIlt,Jil)1)
1//SKIT.1

.                         1                         1/ZS'll,J                                 '
0366......_._.     120.iF 105%( -.1, Jill.GT..CS*(1-LJ)·ANI .CSXI.1--1, JI.GT.0....Avp.__

11)Pll,1.1,JI.GT.0..AND.RSYIi-1.J).FO.0.) GO TO 121
0167 Gn Tr• 122
0368 ..._.__1121.-FU'=(FUll,1-.1.J+.11•.103*11-1,J.*l)-CSAII-1,.Ji.  FU.11.1,1,11•45Sxit-t.

1JI•Z5*11,J)-DS*11-1,J+1111/ZSXCI,JI  .
1 0369 FVT-(FV11.1-1.Jill'(05*11-1.J+11-CSICI-1.J))*FV(lit.J•ID•ICSICI-1,

1 J I *ZIXI 1, J)-115*(I- 1, Jil ) ))/ZSI (I, J I
01.0 DRT. 108 1 1,1 - 1, 3,1 ) * 10 5 * 1 1 - 1, J+ 1 3 -C S *( 1 -1, Jj 1 *DA 1 1,1, J+ 11 • CC SIC I -1,

' IJ)*Zsxil.J)-OSX<1-1,4•lIt 1/ZSxit..li
n. , T.Ch-(TC I l i tz.1,.li.LJ, ( OSX 1 1 -1, J + 11 -r sxi l-1 ..I t ) *Tr l l . 1. J• 1 1 * (C S X I 1 - 1 .

1 J l * L S i l l . J I -OSX { i- 1. J + 1 I l l /ZSX 1 1 i J I
0372 GVT . CGV.1 1,1 - 1, Ji t ) • I DS * ( 1- 1. J • l ) -C S I C 1 -1. JI I *GV 1 1, 1, J+ 11 * 115 * 1 1 -1 .

1 4 1 • 2 5 x i i , 4, zo.S K 1 1_.1, 4 0 1.1 ) l / Z S .x 1 1, J I
0373 122 CONTiAUE

1 · 0374 777 CCNTINUF
-- 59  r ONT i Alli

0376 IF 111•5*.<FUR •FU(1.1,Jllj••2*1.5*IFVR *F VC 1.1 .J 1 ID
1'-23*CK .LT. 1.5'(TCR +T(11.1.Jll10•2 .AND. Full.i,J  .GT.
7FUR_-*.-,- 1-91F_·2,558.4 TCR •rCII•1•41»IORR        0
30£11.1.JII•(Full.t,JI-FUR

• 0377 IF 1/1.5**Ful *Full,1.J))I••241.5-IFVT *FV11,1,JI,3
1-•23•rK .IT. t.5•(1CT *T r i l,1,4 Lit HZ_•AN[b. Evi.1 i.1.,41
2.GT. FVT 1 03=•25•CB• ITCT ITC 1 1,1 .J ))•IORT
3•DR I 1,1,J 11• (Fv t 1, 1, J 1-F VT         1

0378__ I F. .1.1  1.S t'E u t  1,  1 .i.JI• F.Ul......__.._ 1.1.3129_t ..1•IF.V 11.,-1 •.J 1*F V L 1 1

1••21•CK .LT. 1.5•(TC{1.1.J)•TCL 31••2 .AND.Ful
2 .GT. Full.I,JI) 02=.25•(8*41(11.1,Jl•1CL )•CORCI,i,J)*

"
D       FORtRAN rv G LEVEL 19 visms OATS - 72173 18/4*//S PAGE 0012

30RL B.CFUL -Fgl./.J/1
D 0379 IF iti.50(FUll.I.J3•FUB 33••2+4.5•(Pvlt,1.JI+FVB         I

1•*„•CK .IT. C.S•t Tril.1..M•TrI 1 1*•2  .AND.  FVR
2 .GT. FV11,1,J)1 04=.25•CB•ITCil,l,JI•TCB I.(OR/1.1.Jil

D 30RB  •IFVB -FVII•1'J"
n,90                ·'---'RETIIRN
0301 END

D

D

D

D

D

D

"

.......---.....I.-

--I --.-i--I.-- I.-.P- I
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0001 St.PROUTIME AREAVICI,C.:,GZ,GP,OX, lw,Jw, ,1,w2,w3,wt,WS,Wb,wl, 68.w91 ... ·.... ._.
0002 01MliNSICN 09( 2,1?1. )*1.611( 7.1'7.221,r·kIZ,137,221,Flt 2,117.22),

t rE i 2 * 1 3 7.22 ), TC 4 7,1 + 7,- 7 ), IP 1 2, 1 3 7.2 2 3,1'( 2 .1 3 7,7 2 ), nP 1 2,1 ' 7,22 1.

-- 261,11,137,221,06(1,177,221,61(l,137,22),Gr.11,137,221.TMFI/,13/,22Ii.._-35¥Al.'2 1 , S AN(221, Sylit 221, Villl 137,221, 5 14 2/1 .CI P{221, AVE 1 37,22I,
4C S Jill 17,22 1 .USK< 1 37 .22 1 .CSY ( 137,221, OSY 1137,221,RSY I 131,72 1,
5ZSX<131,22/

0003 COMMIN LR,FU.fv.Fl.Fr,TC,PP.P.Be.GU.GV,Clifl,TIP.'VA.5,8.EYB,#OL.
151.CPH,Itv,CSX,05*,CS¥,MY.PSY, 25*,Ct.(.2,03,<4.Mil,J

04 _.. _..  IF 'iCL .GE. 401*.  I•r}*1 .Alm. GR .Cf. {CJ•.5)•[Al GO TO 1 ----1

CS              IF  (GL .LT. Ht•.51•Cil .BNC. CR .GE. COJ•.51•0*I GO 10 2
Cb              iF  (62 .LT. let•.51•riD .ANC. GR .LT. IC/•.5)00*l GO TO 3
(7     -_.     IF 16£ .GE. (01*.41•£·xt .atio. GA .ll. ICJ•.51•CX) GO TO 4
Ce WRi I 16,71 lw.Jw,Ct.GR,Cl,OJ
(9          7 rOPI/.T (10 .214,4 F?5.81
10 . _ _-_4 A4= (OJ•.51•C*-CRI•(GL-(91*.51•OU
11               13. IOJ•.5)•0*-GFI•liCI•1.51•[*-CZI
12               AZ• GR-IN-.51•0*1•1191,1.51•CX-GLI
1 3            .. - .... At. GR-ICJ-.51*rx)•162-101•.51•0*1
14           IF PS¥likil,Jw-1).GT.Cx .AND. RSYIIW•1.Jwl.EO.O.I A4.a#*Al
15           iF OSY<twil,JW-l).Cl.CM .Attn. A57(16•1,161•EC.0.  At•O.
16 -  ..___.  IF OSKIfI,Jkj.GT.CA .AN[. PSyllk*l,JIi).FO.0.3 £2=AZ•At
17               IF  05*1Ii,J,3.61.Cx .AAC. RSYCI,-1,#,I.EC.0.3 At.0.
18               iF :CSxit*Jw-11.CT.Dx .ANO. RS¥liI.1.Jw-1).EO. 0.1 Al=al•A4
19               IF  CSXCI#-J;-1'.CT.CX .AAC. RSY{twit.JW-1).FC. 0.1 AAIC.
20 Wl= 01-CR , I. ,141*&2•CRIlilli,Jwl•Al•0911,1„Jh-ll•A#•CRil,

11/* IJA-1 , 41 424#3.84)
00:1 ...__. W20 t.l,Fll  , 1,+ .J&1•#2•Flil.IW,Jkl•83•Fl:Il,Ik,JI-ll•*4•FUCi,

liw• .Jw-1 / Al A21.30,41
CO22  ,3. Al•FV . E* .Ji)•82•Fvil.Iw,Jw)*83•,Fvll,Ik,Jw-1)•A#•FICt,

liW+ ,Jw-1 / At A 2*A 3•843
0023           44• Al•Gu  , 4* ,Jhle,2•GU(litw,J*),83•Clit,16,A-11*Ai•Guit,

1 1 W .  . i J W- 1 / Al·A2*&3054)
0024 .. ..__*... WS• Al•GV , b* .,Jk)*·AZ•Gpil,lw,Jbl*A3•6*11,th,Jb-13*84•Gvtl,

liw• .J.-1 / Al A2,83•84)
0025 w 6. Al•P , b. iJA).82•F il,Iw,Jklit3*F (1,1 ,JW-1)*A*•F fl,

liwi ,Jw-1 / At Al•A3*Ail
--.

0026 Wl. Al•BO , 6. iJ.,•82•22,1.IW,J.1.,3•81,1,1W,JW-11*A4,8811.
liwl 'Jw-1 / Al AP•A?•All

CO27  _.. _ _ W80 Al•TC  ., WI .Jh)*22•7(11,1W,JWI,A301(11,16,J-11,44•TCil,
--'

tfwi .JW-1 / At+Al,13+A41
0028 W9- At•GE  ., w,1.Jh)*42•GE<l,ll,Jkl•A,•CE:1,16,Jb-ll•*4•GE(1,

liw• .JW-1 / 41*Al,83*84I
0079 60  0 5
0030 3 *4= IQJ*.51*Cx-GRI•IGZ-(Ct-.5)•0*3

._0031'__ -_
A)- (QJ*.51•Cx-GR)•11(14.53•OX-GZI

0032 .AZ„ GR-COJ-„53•Dx)•tiCI*.51•OX-GLI
(033 Al. GR-IOJ-.51•Dx)•462-ICI-.51•CA 
0034 El. Al•Oill.Iw,Jwl,62•CP,1,1*-1.Ju,•830(Bil,li-l,JW-13,84•OR,1,

liw,JW-lll/(Al•AT+Al*a4)
CO35 W2•(Al-Full,li,JAI,12•FUll,tw-1, JW 1 03•FUIlitw-1, JW-13*Al•FUll,

11W,JW-Ill/(Al•A2*A3*AI)
0036  13=(Al•FV(1,16, JI 1*AZ•Fvil,tw-1. Jwl•83•Fvil, 11,21, .lbA·11•A4•Fvll,

116,JW-lll/(Al•A2•83•bil
0037 _ Wt.CAl•Cull, id, J H *A2•GU(l,tw-1, Jwl •83•GUil,tw-1, JW-1)•a4•Glil..

116.JW-ill/(Al•AZ•A3•ALI

FCRTRAA IV G LEVEL 21 RE*V DAIE - 1221< 11/03/32 PAGE 0002

0038 . . . . __...._ WS•(Al•GV(l,tw,JI)•AZ•GPil,lk-1,Jit•#3•Gvit.(-1,Jw-1_1*04•Gvll,      '
liw,Jw-ll)/tAl•A2•&2•&41

CC39 wb•(Al•P ll,li.J 1*22•P it, 1,-1,Jwt•A3•P El,lk-1,JI,1-1 •AL•P il,
liw,Jw-ll /CAI•A2*83•&41

0040 W7-(Al•eell , Iw. JW 1*A2*0211,1 6-1. 311 1•03*Bect,16-1. Jill.54•86(1.
liw,JW-11)/(Al•A2*83.841

004 1. . . _ - wa. C At* TC i l i t h. JW 1 * A 2 - T C 4 1, 1 *-1, Jh 1 4 3•TC I l ; lb-1 i Jh-1 3 *84•TC i l .
1IW,JW-ll3/ibl•Al*AE•A4 

0042 wg.( Al• GE 4 1 . lw, Jw )*AZ •G E (l i t W-1. Jw l • /34 1 El . Iw-1, Jw- 1 I •*4 -G EE 1,

_       --          .ltw,JW-Ill/(Al.AZ•A3•A+I
(C43. GC TO 5
0044 2 A40£COJ*1.5l•CX-GRD•IGZ-(Cl-.51•CX)

# 00.5 A3.1 C OJ *1.5 )•Ox- CR 1•1 1 CE *.51 -Ox-GZ I
Cole AZ=:GR-COJ•.SI•ox)•1(Ct*.51•Cx-Gll
CO47 At•AGR-(QJ+.5)•ox)•(GZ-ICI-.51•01)
CC48 IF IDSXCIW-l,Jw*11.67.Clt .mE ASY(14,Jwill.EQ.C.t_A2•A2•Al
CC4S if IDS*ith-1,JW•11.GT.CN .ANC. PSYIEN,Jh•IMEQ.0.1 Al=O.
0050 iF COSY(Il,Ji).GT.OX .AAC. RSY(th,Jbil).EC.O.I A4•A4•Al
CO51 IF (DSYCIW,J,).GT.[x .ANC. RSY< Iw,J •1}.EQ.C. 1 Al•0.
0052 iF ICSY(Iw-1,Jwl.Cl.0, .AAC. RS¥(lk-1,Ji•ll.EC.0.) /3.83*AZ
0053 IF ICSYEIW-l,Jwl.Gl.Ox .AND. PSYCII-l,Jk+11.FO.O.I a2=C.
C054._--. Wl• C All CR 11 I N, JW -1 ) *Al *OP It, lw-1. JW •l I• A 3•CR C 1, IW--1, Jh I *84 •ORt le

liW.JWII /1Al+ATIA?*A43
CC55 b,2-CAl•FU(1,1/.Jw•]1 12•FUIl,lw-l,Jh•11•A3•FUilitw-1,Jb +A4•FUEJ.

1IW,J,63I/ial*Al.•A30&4
0056 w).(Al•Fvilit.,JI•11 AZ•Fvll.li-1,Jh•1)•Al•Fp<l,lb-1,J,)*A+•FV(1,

1/a,JI//(81*&2*83*AL
-0057  _..._  _ __. wl.(61•GUil,1.,JA*11 AZ•GUil,tw-1,J,•1)*#3•Glit,Ib-1,Jil.A4•0UCt,

1IW.Jwl)/(81•82•81•,4
0050 Ws•(Al•Gvtl,th,Jkill 82•Gvlt.16-1.JI•1 Nt)*Cvll, M-1,JWl•Al*Gvil,

...._- ..._liW,Jwlj/(Al•A2*Aliat
CCS  /6=/Al•P t:,Ii,Jw•11 82/p It.Iw-1,Jk•ll•al•P (1,EW-l,JWI+A4•P 11,

liw,JA))/(Al+52•Alib4
-. 0060 -__ _._.-, W7,(Al•Eell,1., Jw•11 A2488(1,IN-1, .thill•,3•eell,1,-1,J.61*A4088 1,

lil,Jwt)/(Al*AS+A34,4
00el WB•[Al•TC<1,1*,JW*1) AZ•TCIl,IW-1,JN•lI•#3•TC<1,161-1,JkIIA4•TCIl,

.____ 1IW,Jwll/<Al•,2*83,14
00/2 119•  At•GE(1,1*, Jit•1) 42•GE it,li-1, JW*1 )•:30(Ell, lw-1, Jw;•14•GE:le

trl,J/)//1,1-A2*Al*64
00t3 .._ _____ GC TO 5 --' ..---.-.--illi..

0064 1 &4•(COJ-1.51•0*-GRI•CGZ-iCI*·51•CXD
0065 A). C I OJ *1.5 l*Ox-OR )(Ht *1·51*Ox-GZ I
Ccet  _ _ U.(GR-dCJ*.51•0*I•(101.1.51•Cx-CZI
CO67 A l- ( G R- t o J * . 5 I •U x l 4 G l - M 1 * . S I .01 I

Ccee IF IDS*t IW .JW.11.„T.CA .8NC. RSY<tkil,Jbill.EO.C.) AZSA2*Al
0069 ..._,. lF COSRA/b ,JWill.GT. 4 -,AC. RSY[twel,Jkil).FO.0.3 Also.
CO70 · IF CDSYC IW•l,Jwl.GT.nx .ANC. RSY(tk*l,Jh•1 .EC.0.1 A4•At.Al
CC71 IF insyllwil,Jwl.uT.Cx .80[. RSYIIWIt,JI•13.Eg.0.1 A·1=C.
0072 if ICSY<tw,J.3.61.CA .IND. RSY(lb,Jk•ll.FC. 0.3 '31,3.,2
0073 IF <CSY I Ik, J. ).GT.[* .AAD. I SY< 1 4,JA*11.EC. C. 1 &2.C.
0014 IF (CS*(th,Jbl.GT.CK •ABC. PSYII,•1,Jkl.EC.0.1 83.83*At
0075                 _. _._. IF (CS*(ik,JE I.GT.C K .40. PSY(14*t,J,).EC.C.3 84,0.
CCIE Wl. i Al•CR 11, li *1, JI • 1 1 0 /2 • CR I 1, tb, JW• 1 1 *A ?•CR 1 1. lb,JU *44•00 I 1,

11*•1,Jwll/1Al•A2*A'*A41
0077 WI,(81•Fl)11,lwit,JI •1 1,82•FUitilk,JA*l)*83•Flll,lk,Jhj•Al•FUll. _.-,_.

116•l,Jwl///.%1•A20/3*a4/

i
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0078    -   . 8.{Al•r-Vii,tw*1.#*13 .A2.FV,1,16,#*11*A.rvil,tw,JW,•A#•Fvil,.......116.1,Jwl)/(Al•AZ•AliA;I
0£79 WL·(Al•GU{1,16*1 0 J,41),A,•Gu(1,!w, JW*11•24:Ull, IW,JWl•A<•Gull,

ttwit,Jwl)/(Al•AZ•A]•A41
CCBO WS,(Al•Cvlt.tw*l,J,•13•82•Gv(1,1*,Jw,11•A,•Gvll,th,Jb)•84•Gvll,116*l,Jwl,/1Al•AZIA)•A41
0081 w 6 (Al•P 11 .Ii.l,JA•1),AZ•P (1,16,Jk•11•83•P (l,th,Jwl*Ad•P (1,

l i w i t, JW 1 1 / 1 Al * 82 * / 3 • A 4 I

OOP/ W ls t A l• Pi l l . 1 6* 1, JA,1 } * 8 2 * t'0 ( 1,1 6 . -6* 1 1.1 3 • f e l l, tw, JW 1 - 04 o e [B i l,
11w•1,7//1/(Al•42•53*&41

CC83 w99(41•1(11.th.1, -A•11•82•TCIt,IW,w,•11•/3•1({1,14.Jwl,84•TC(1,
liwil,Jad))/(Al*&2•AiIA,1

CC84 Wg•in•(Ell, 8-1,Aill*#2•GE(l,tw,Jh•11•83•GE<l,IW,JM *44•GEIl.
11hil,Jw)l/(Al•A2•83*84)

0085 5 RETUAN
CCE6 Eko

FORTRAh IV G LEVEL  21 FRAC CATE * 72210 11/03/32 PAGE Cool
0001 SUBROUTINE FRAC(SFIJ,AXI.,AY[J, CN,OYI0002 DIPFASICK 0012.111,22),Ful2,137,22),F#{2,137,22),fIC/,177,22),1FF12,137,221.TC(2,137,22},FP42,137,27),P(2,137,22),8<12,137,221,2(Uil,137,221,1,Vil,137,22),Gill,137,22),GS.(1,137,221 *T·vP12,137,221......35Yal?21,5XE{22),SYE(22),VCLCI37,22),Slt;21,(Pet22),ev<137,221.4(51(137,233,05*1137,22),CEYI 137,22),05&1137,22).REY(137.221,S Z S X 1 1 3 7,2 2 I

0003 COMMON CR,FU,FV,FI,FF,TC,FF,p,Be,Gu,Gv,Gl,CE,TMP,fYA,S)(e,SYB,VOL,
OOC4 SFIJ=101(i,JA/VCL(2,JI

1St,CPB.BviCS) .DSX,CEY,03y.RSY, ZSA.Cl,C2,C3,C4,P,1,4
0005 AXIJ=RSY(I.J)/OY .-  -    .....  -   ....-I -Ill-I-..--

0006 AYIJ.ZSXCI,J)/DX
CCC 7 RETURN
CCCe END                                               ·               -··     --       -          -  -·-- ----

FrATRAN IV G LFVEL  19 VACUUM DATE = 72173 19/11/47 PAGE 0001

0001 SUBRCUTINE VACUUMIRMEAN.OXI
0002 DIMET·SIGN OP<2,137,22),Fut2.137,2#t,Fv(2.137,22),Flt2,137,221,1FE(2,137,22 1, TCIZ, 137,22),pp(2,137,22),1'12,1 37,22) ,88,2,137,221.2GU11.137,22),Gv(1,137,221.61(1,137,221,GEil,137,223.TMP(2,137,223,3SYA(221.SXB(22),SYME221,volll]7,223,51(22),CPB(22},BV{137,221,4C SX 1 1 37., ? 2 1,0 58,1 1 3 7,2 2 3, CSY 113.7,2 2 1,0 0.1,T. ;·22 ), R S ¥ ( IS ; T2 2 j.'525*1137.22)
0003 CCM.un no..FU,FV,Fl.FE.Tr..PP,P,ng.GU,Gv,61,GE.TMP,SYA.SXA,SYB,VOL,19.1,(P),BV,CS*,OS*,CSY,n SY,RSY,. /.SN,QI,QZ,Qi,US,M, I .J0004 BV 1.J).7090.•6.2832'0**RMEAN/5*REJ)*4.40905 PP 1.1,41=/Vil,JI ,•2/25. 1328
n006 eA 1.,1,J}=0.
OJ07 Un 2,/,J}-0.

-.

0108 GE 1.1.J).0.
.0 09 FE 1,I,j):0.----_.-
0010               PI   I.JI-0.
0011 Fl .i.JI.0.
.0012. Ft !,/,J)=0.
0013 GU .1.J}-0.
0014 GV .,t.J)=0.

»            .0015._-_..--..FV ./.J),0..-_..._
0016 FU .t..11-0.
0017 TC .1.JI-0.
.0018.--_-- ..-.- DR r,I,J).0..-.-.---..-.-
0019 OR ,i,JI.0.
0020 TMP 1,1,J)=O.
0021_.------_TMP 2,1,J).0._....-. .._
0022 DSX I.JI.0.
0023 DSY I.J)=0.
0024._------····- Cslt  t,J'so•  ..... I.-··   ·.-·-0075 CSY I.JI-0.
0026 25X K.Jl.0.
0027_-_--.-.----·RS'f 1.J j.0...........-....___..._. -
0028 RETURN
0029 IND

//00.ITCRFOol nr' rSK'=,i.1.Ul,Vill.:SFR=MIOZ.1--i'Pllrolioo-9,// rt:P-(NEW,KEEP),DCB=(RECBM•FA,LRECL=80.BLISTLE,320CI,// We EL,11,<L}
//:0.Sc.06027 Bn elsre'.Irw,UNIT=2400-7,1.ABEI.•(l,Nl.1,//  Voll'A,E,SER-(SOJ·:!',rlril.(,FN•7,TRT-,4=01//GC.SYS/4 01 •
/.

'A-


