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DOCUMENTATION OF PROP E, A COMPUTER PROGRAM FOR THE
PROPAGATION OF HIGH-POWER LASER BEAMS
THROUGH ABSORBING MEDIA

INTRODUCTION

In a previous report (1), here after referred to as AHU, a description was presented
of the physics of high-power laser-beam propagation through the atmosphere, together
with a discussion of a numerical method for integrating the appropriate equations. A
detailed listing of the computer code itself was not presented in that report. It is the
purpose of this report to present the numerical methods in considerable detail. How-
ever, since the development of the initial computer program, revisions have been made
in the form of the basic differential equation to be solved and in the numerical methods
used; it is this latest version which is described here. A numerical method wholly differ-
ent from the present one, but much like that of Bradley and Herrmann (2), has also been
developed and will be described in a separate report.

Because the physics of the problem solved by the present code is the same as that
discussed in AHU, the discussion here will concentrate on the changes that have been
introduced -and on the structure of the program. Nevertheless, the physics of the prob-
lem will, of necessity, be present throughout the discussion and will be assumed to be
understood. Also the limitation of numerical methods for solving problems of nonlinear
wave propagation will be discussed.

FORMULATION OF THE PROBLEM

The basic equation to be solved is a partial integrodifferential nonlinear equation,
whose derivation was discussed in AHU, one form of which is

0 02 02 3N(y - 1)k20P -0z
2ika—‘p+a—‘:+5;§= (72) —
z % y c; Vg 1+70_

8

0
xo | ds-8)exp w@+sio)l?, (1)

Lo Z
vot |l +%-

where

H dxdy *(x,y,2)e(x,y,2) = 1, (2)

z=const

Note: Manuscript submitted October 26, 1973.
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and the intensity at the point whose coordinates are (x, y, 2) is

I(x, y, 2) = Pe~%p*(x, y, 2)p(x, y, 2) . (3)

In Egs. (1) through (3), z is taken as the direction of beam propagation, and the deriva-
tion of Eq. (1) from the wave equation involves the Fresnel approximation, among other
assumptions about the physics.

Because a focussed laser beam changes its transverse linear dimensions drastically be-
tween the aperture and the focal point, it is necessary, in numerical methods where the
amplitude can be computed only at a finite number of points, to have three-dimensional
grids whose transverse dimensions shrink in size as the focal point is approached. For a
vacuum beam the actual beam size can be determined either analytically or by numer-
ically integrating the Fresnel integral. For the nonlinear problem the actual desired
shrinkage of the transverse mesh is determined by the solution to the problem itself.
Herein lies the source of a difficulty in calculating a numerically reliable solution. A
second difficulty is that the beam amplitude has two parts which must be determined,
the real and the imaginary parts, or equivalently, the modulus and the phase. Because
the intensity, and therefore the modulus, of the wave amplitude evolves slowly with 2
and is a “relatively’’ smoothly developing function in its transverse dimensions, this por-
tion of a calculation would proceed without complication were it not that the determi-
nation of the modulus is closely intertwined with that of the phase. If the geometric
surfaces to which the grids used in the numerical calculations are attached do not closely
match surfaces of constant phase, then even though the grid shrinks in accordance with
the actual beam size, the real and imaginary parts will soon develop high-frequency com-
ponents which will ultimately exceed the Nyquist frequency, and incorrect results are
calculated thereafter. It is therefore highly desirable to have a three-dimensional grid in
space that simultaneously changes its shape in accordance with the actual beam size and
adapts to the surfaces of constant phase. Since both requirements need the actual solu-
tion to the differential equation, Eq. (1), which is the purpose of the calculation, there
are two general ways one can proceed. One is to solve, on a step-by-step basis, for the
solution and the grid system itself; a second is to make phase transformations of the solu-
tion to Eq. (1) before the numerical work has begun that automatically shrink the coor-
dinate system and remove to the first order the troublesome phase oscillations in the real
and imaginary parts of the amplitude. Experience has shown that whenever beam distor-
tions are so severe that the second method fails, the solutions are not of sufficient prac-
tical interest to go to the first approach to the problem. Therefore, attention has been
confined to the second approach.

In AHU the grids were placed on concentric spherical surfaces whose centers lay on
the axis of propagation a distance ! from the aperture. The concomitant changes in the dif-
ferential equation solved the dimensional and phase problems for a wide variety of physical
situations; in this form the distance [ was a free parameter that was adjustable to give the best
solution consistent with the numerical criteria discussed in that report. The numerical calcu-
lations were compared with laboratory experiments (3) and found to be in excellent agree-
ment, providing a high confidence level in the theoretical predictions. Nevertheless the grid
scheme used in AHU had sufficient limitations that another scheme was sought to supple-
ment the original computer program. One of the problems of the original program can be
seen easily by setting the free parameter I equal to the focal point; then all the grid points at
z = | = f collapse to a point, which is correct for geometric optical beams but is not correct
for wave beams. To avoid this singular behavior in the coordinate system, the surfaces of

2
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constant phase, which are concentric spheres, will be replaced by the surfaces of constant
phase of a vacuum Gaussian wave beam focussed at f or by surfaces of constant phase very
close to these. Simultaneous with this transformation will be a transformation to transverse
variables which change size in accordance with a vacuum Gaussian wave beam focussed at f
or with a beam very similar in size to this beam. This description of the desired transforma-
tions will be presented mathematically in the following.

The wave amplitude of a scalar Gaussian wave field is given by

—i[—‘z"—z""i(l_%)] 1-2
kag exp{ x2 + y2 . ik(x2 +y2) <1 f)} _

@, %y, 2) = - -
GV LV 77002 Dv(Z) 2002DV(Z) 2z DV(Z)

where

(4)

D(z)=-12—+ 1—52- : (5)
v k24 f

0

The function ¢ GV’ given by Eq. (4), solves Eq. (1) with the nonlinear term set equal to
zero. Here qg represents the radius from the center of the beam at the aperture at which
the intensity drops by a factor of e from its peak value in the center of the aperture, f is
the focal distance from the aperture, and k is the wave number. The transverse linear
dimension ag\/Dy(Z) is the e”1 ~ power point at a distance z from the aperture. The
beam retains its Gaussian shape for all values of 2z, since

exp [— —-——2D (z)]
ag Dy
I6,9,2) = lpavie, 2> = ——5— : )
mag Dy (2)

The peak intensity in such a beam occurs at a range Z,,(V) given by

f
—

1+
4
k2a0

Zy(V) = ; (7)

whereas the e"1 — power point at Z,,(V) is given by

1
kao

—— ®
A/1 i
» k2004

aw(V) =

The function Dy (Z) can be written as
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a, (V) ag : [
Dy(z) = 1+ - 1{ (1 - ; 9
ve) al a,2(V) Zy(V) ©)

Z,(V) will be called the location of the “waist’’ of the vacuum beam, and a,,(V) will be
termed the radius at the beam waist.

It is well known that an initially Gaussian beam that is launched from the aperture
will not remain so when thermal blooming occurs, i.e., when the nonlinear term in Eq.
(1) is retained and the initial conditions are given by Eq. (4) with Z set equal to zero.
Two gross features that crudely describe the thermally bloomed beam are the waist loca-
tion Z,, and some measure a, of the beam size at the waist. The waist of the thermally
bloomed beam occurs at a shorter distance (Z,, < Z,,(V)) than does that for the vacuum
beam, and the beam size is generally larger, i.e., ay, = a,(V). Therefore, Dy(Z) is ac-
cordingly generalized to

2 2 2
D(é)=a—“’~ 1+ 30——1)1——2— - (10)
002 aw2 Zw

The parameters a,, and Z,, are a generalization of the parameter [ chosen in AHU. That
limiting case is achieved by taking a,, = 0 and Z,, = Z,,(V).

To facilitate the discussion of the transformation on the dependent variables, one
can set

3N(y- 1) k2aP -0z [©
S(r) = - 72 ) v . Qz j ds |p(r + Svo)i (11)
Cs 0 1 + — “eo0
vo
and rewrite Eq. (1) as
. 0y 2
2ik 5= + Vip + S(e(r) = 0. 12)

The following transformation to a new dependent variable ¢; (x, ¥y, 2) is equivalent to
referring the beam to surfaces of constant phase approximating the vacuum Gaussian
beam:

k(x2 +y2) d In /D (2)
‘pl(xa Y, z) exp | - 2 dz

px,y,2) =
\/aOZD (2)

From Egs. (2) and (13) it follows that

(13)
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" dxdy
ﬂ s~ o1z, 3,27 = 1,
aq D(2)

and the equation for y; (x, y, 2) is

o 0p1 2 .
2ik 2z + Vipr + 2ik

d In /D (2) ( 01 \ a¢1)
dz x ox Y oy

9 — 2
+{S(r) - R2(x2 + y2) [d In ,2D(z) + <d In dzD(z))]} v1(x, v,2) = 0,

dz

but

@2 WvDE [dinvD@\ 1 g [af
422 * dz “Dpe,2 2

so that the equation for ¢4 (x, ¥, 2) becomes

99,

9 . dln
0z Vier + 2ik——

2ik

)

_')(:2+y2 k2a4 02
+Pn~ “ (=55 - 1)] e1(x,3,2) = 0.

419 2
aoD 2

In terms of ¢71, S becomes

—az 0
s =80 —2— [ a2,

3
1 + Vo a9y D(z) oo

where

_ 8N(y-1)k2aPay
= 2 Tt

B

(14)

(15)

(18)

17)

Next, an independent coordinate transformation is introduced that enables the nu-
merical grid system to shrink in approximate accordance with the beam:

=

X
~ agVDE)’

(18a)
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~ y
y = ——, (18b
apVD(z) )
and .
p2(¥,5,2) = ¢1(x, ¥, 2). (18¢)
The differential equation for s becomes
a ~~
2ik %% + V2pq + [S(x(?c), y(¥), 2)
k2 a2 72 + 32
—— <——2 ~ 1) —5=—| »2® 7%, 2) = 0; (19)
Z,; \ay ag D
thus
defd&'lm(f, y,2)% = 1, (20)
and
s= gL 1 JO a5 102(%, 5, 2)12 (21)
= - polX,y, 2 .
=

Finally, one last transformation is made, this time on the independent variable Z:

(22)

Z(z)= 1 Jz dz’ )
kai Jo /D)

The integration in Eq. (22) can be done from tables; the result is

2 2
~ YA a a )
AL 1 sinh™ 1 /=% - 1 - sinh"11/-% - 1 <1 - Zz‘> . (23)
400w g2 ay o w
‘ 1

2
L7

the inverse of Eq. (23) is

1 kaga ag 5 ag
z = Zy|l +—=— sinh Z"“’ = - 17 -sinhlq/2% - 1. (24)
% vV %
aw2

1
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By defining

V&, 2) = 02&5,2(Z))
and

S®75,2) = Sx®), y®), 2(2)), (25)

the differential equation for Y becomes

oY 1 ~g
2i —< + = V
2z T oed Y
~ k2a 4<a2 > %2 + 2
+H§- 2L 1) ——=y=0 (26)
2 ~ 2
z,} \a, VD(z(2))
and
” dzdy 1Y (&5, Z)I° = 1. (27)
2=const

Equation (26) is the actual one solved in the computer program described in this
report. The initial conditions on ¢ remain to be specified. If at z = 0, i.e., at the aper-
ture, the initial amplitude ¥ (x, ¥, 2) is given by

0(%,7,0) = F(x,3), (28)
then
ika 2 (X2 + 52) a,’ _
V(,9,0) = ao exp [——%}w—— (1 -2 )| fleoFiao9). (29)

The transformations used here are similar to, but not identical with, those used by
C. B. Hogge* and by J. Hermann and L. C. Bradley (2).

The stability condition for numerical integration of the equation of propagation
Eq. (26), according to the Harmuth technique (see AHU, for example) now becomes

-1

~ k2 [af -az
A7 < -2 1 i L - 1] n2(a%)® + ﬁe—ﬁz ~ (30)
\/—D_ (A%) Zw aw 1 + —U-O—

If Q/vg > 0,

*¥Private communication.
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Zy
Zo(V) =P (31a)
and

a:'{’v) = Q. (81b)

Then with f = f/kaoz,

~ 1 9 -1

AZ < +———+Q2P22Ax . 32
{ﬁ Qf [(Ax)"’ " )]} .

Here n is the number of mesh points along the axes. The number of steps in the direc-
tion of propagation required to reach the focal point is called NSTEP and is given by

NSTEP = g(f—) (33)
AZ

When P = @ = 1, the coordinate system matches with the vacuum Gaussian beam.
For a wide variety of cases, experience has shown that, in using the code, P generally
should be taken to be unity or very near unity but that @ may deviate rather drastically
from unity.

Both in this coordinate system, in that described in AHU, and indeed in all systems
that involve focussing coordinate systems, the physics of the problem adds a computa-
tional problem not yet addressed. When thermal blooming occurs, the beam will deviate
from the initial direction of propagation and head into the wind. Therefore, the ‘“real
beam” may not ‘“‘choose” to stay within the confines of the finite grid set up in three-
dimensional space in accordance with the previous discussion. The consequences of this
phenomenon were discussed in AHU. To avoid the certain numerical catastrophes con-
nected with this problem and because the prior transformation does apply to the whole
of space, the computer program includes a subroutine FOLLOW which senses the location
of the peak-intensity point in the beam and lets the transverse grid center itself on this
point. In this manner the beam is kept from “hitting the edges of the grid mesh” in the
numerical computatlons

The transformations discussed in the previous paragraph and Eq. (26) constitute the
~ basic difference between this version of the code and the earlier one. Details of the code
operation and a code listing are provided in the next two sections. However, it is not to
be expected that the new formulation will adequately treat all problems that arise, Re-
strictions on the values of derivatives at the aperture are still in force, as reported in AHU.
In addition, for those cases which involve severe blooming, the distortions may be so ex-
treme as to place contradictory requirements on the mesh size in the two orthogonal di-
rections, or a highly refined mesh may be required which will greatly increase running
time on the computer or exceed the memory capacity of the computer or both. Experi-
ence has indicated that these problems are somewhat academic, however, in that the con-
ditions that optimize the peak intensity in the focal plane, which is frequently the object
of interest, occur at relatively mild beam distortions.

8
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DESCRIPTION OF COMPUTER PROGRAM PROP E

Introduction

The purpose of the computer program is to solve Eq. (26) numerically. The desired
output from the program described here comprises the real and imaginary parts of the
amplitude at select ranges from the aperture. From these data are computed the inten-
sity distribution at these same ranges, the location of the point (or points) of maximum
intensity, the deflection of this same point into the wind, contour plots showing iso-
photes and printouts that give average intensities and powers inside prescribed isophotes.
For numerical purposes the right-hand side of Eq. (27) is evaluated as one check on the
computation. (For a description of checks on numerical accuracy, see AHU.) These data
at select ranges should be stored in arrays to plot, in a given run, deflection vs range,
maximum intensity vs range, and relative intensities (i.e., computed maximum intensity
divided by Iyvac(0, 0, Z)e~%Z and like ratios for quantities averaged inside isophotes) vs
range. In the actual execution of the program, virtually all of these quantities must be
calculated at a number of ranges much larger than the number of ranges for which the
user wants these data; therefore, flags and counters must be set up to indicate the fre-
quency with which printouts and plots should be made. Because of the variety of ways
the input data can be manipulated, options for input-data methods are included. How
this is done will be described in this section; the actual code listing will be deferred to
the next section. A flow chart is provided as Appendix A.

Program statements that are no longer used may confuse the reader; these will be
pointed out wherever they occur. Since their existence affects neither the operation
nor the running time of the code, they have not been systematically extirpated.

PROP E is organized into a main program and sixteen subroutines; the listings are
provided as Appendix B. The letter E stands for the fact that Eq. (26) is solved by an
explicit algorithm, a two-point predictor; PROP stands for propagation. The main part of
the program defines the variables and common arrays and calls on the subroutines to do
the actual calculations. '

Main Program

The main program begins with a brief description of the objective of the program
itself. Further comment cards define the physical, mathematical, or numerical signifi-
cance of the FORTRAN names ascribed to the variables. Other definitions and units are
listed in subroutine INPUT. Since the comment cards in the listing provide terse defini-
tions of the quantities involved, these will be amplified in some measure here.

COMMON ARRAYS

In the computation, at each Z-plane, the values of various quantities at each
peoint in the grid spanning the area transverse to the beam specifies the array. These
arrays are:

CC: Index of refraction changes, meaning the value of the entire coefficient of
Y in the nonlinear term in Eq. (26). This array is calculated in subroutine INDEX,

L
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PLTGSN: The PLTGSN array calculates the parameter N of Gebhardt and
Smith (4); it is a relic from efforts to compare the prediction of the computer pro-
gram with the experimental results of Gebhardt and Smith and has not been deleted
subsequently from the code.

PLTRAT: The PLTRAT array stores the ratio of the average intensity inside
the isophote of the bloomed beam to that of the vacuum beam multiplied by the
absorption factor a~®Z; u is the fraction of the peak irradiance for which an iso-
phate is calculated; u here is taken to be 0.2, 0.5, and 0.8. These values are plotted
at the conclusion of the calculation in subroutine GRAPH 2 but printed out in tab-
ular form at select ranges in subroutine OUTPUT.

PLTREL: The relative intensity at Z is defined as the peak intensity in the
beam at range Z divided by the peak intensity of the vacuum beam at Z times e %2,
These are printed in subroutine OUTPUT and plotted in subroutine GRAPH 2.

NOTE OF WARNING: In the listing of the present code, subroutine VACAMP
defines the vacuum beam, here taken to be a Gaussian beam. For this case,
Ipeak (V) = Iy (0, 0, Z); for beams such that at Z the on-axis intensity vanishes,
IRe1 = ©°, and a diagnostic will occur.

U V: V@3, Z) = UR 5, 2) +iV(Z 5, 2).
COMMON PARAMETERS

D: Holds the values of

D 22 + (1 22
viz) = k2q2 ( ) .
DNEW: Holds the values of
) 2 2 2
a a
D) =% |1+ (% -1)[1-Z) |

Ay Ao v

FHAT: f = FHAT = f/kag.

FOCUS: /DNEW.

HZ: The program equivalent of AZ.

HZ: The program equivalent of AX.

HY: The program equivalent of AY.

IMAX and :IMAX: The indices I and J label the points in the arrays transverse

to the beam axis, where I=1,2,..., NX+1landJ =1, 2, ..., NY + 1; (IMAX,
JMAX) locates the point in the grid at which the beam intensity reaches its peak.

10
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NOUT: If NOUT = 1, the program will abort when | ff dXd¥y | 2 - 1|> ECHNG;

ECHNG is calculated in subroutme INPUT.

If NOUT +# 1, this option is not exercised, and the program will con-
tinue to compute even though Eq. (27) ceases to be satisfied.

NSTEP: This is defined in the section “FORMULATION OF THE PROBLEM”.
The program automatically computes NSTEP as well as HZ in subroutine SETUP.

SUM: SUM = Pe~9Z ([ d%d¥ |} |2 = total integrated intensity at z.

WIDTH: The quantity ag.
W2: The quantity a02.
ZETA: The quantity Z/kaZ.

Items listed in the main program but not discussed here are regarded as self-evident.

[oad
L]

G
Lo
Fon
"
[
L

—
".-—

The main program functions as an executive routine, the detailed computations being
relegated to the subroutines. Iteration in the Z variable is also done within the main pro-
gram as are tests on whether or not Eq. (27).is satisfied to within prescribed tolerances.

Subroutines
INPUT

Subroutine INPUT reads the input data cards; this listing contains comment
cards that explain the entries. Some added comments are appropriate here.

HX, HY correspond to AX and AY. For Gaussian beams, HX, HY =~ 0.18 have
been found to be adequate for distortions that are not too severe; in the latter case,

more mesh points are needed, i.e., larger NX and NY together with smaller values of
HX and HY.

KQMAX determines the number of times detailed information on I, (Irel>,“
etc is printed.

NOLPLC is a remnant that involved code testing (see AHU). Always set
NOLPLC = 0. ’

LPLOT is a flag to provide either group plotting or sequential plotting. Group
plotting means that the isoirradiance contour plots for six ranges will be plotted on
one sheet of plotting paper to the same scale. Where many runs are being performed,
this is a space-saving device. Sequential plotting means that the contour plots (and
others) are each plotted separately.

NFOCUS is a flag to provide either focused or nonfocused plotting. When

sequential plotting is used, plotting may be done on the same scale as at the aperture,
at all ranges (nonfocused plotting), or magnified (focused plotting).

11
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ZT define range values for which the absorption coefficient is set equal to zero.
This was useful for comparisons with experiment and for theoretical study.

DIAM is defined to be 2 +/2ag and is regarded as the diameter of the optics
(even for an infinite Gaussian beam). This is a definition, otherwise, of ag as it
appears in the theory.

THETA is the elevation angle for beams which are launched not parallel to the
surface and is read in degrees.

WN is the wavenumber k = 27/\.

Since the determination of the absorption coefficient through the specification
of P, PH20, and T by the code (see AHU; also see subroutine SETUP) is not always con-
venient or appropriate, a set of options are allowed. These options are provided for on
Card 5 when the quantities §, 7 connected with kinetic cooling in CO9 laser beams, total
absorption coefficient o, and dimensionless constant § may be separately specified, re-
placing those calculated by the code from data on cards 1 through 4. Finally, INPUT
Prints the input data.

SETUP
Refer to Appendix B for a description of this subroutine,
INITL

Subroutine INITL calculates the real and imaginary parts of the beam amplitude
at the aperture (Z = 0) for each point in the grid and stores the values in the appropriate
array. Using the Eulerian method, it does the same at Z = AZ = H,. This subroutine
needs the initial beam data provided by subroutine VACAMP,

VACAMP

Subroutine VACAMP computes the vacuum beam everywhere; in particular it
is called on by subroutine INITL to set up the boundary conditions for the problem. In
addition, though subroutine INTENS does not explicitly call on subroutine VACAMP for
calculating the quantity VACINT, which is the intensity of the vacuum beam corrected
for absorption, it should be noted that in the present listing, VACAMP and the computa-
tions for the table CONMIN assume the vacuum beam to be Gaussian. For a non-
Gaussian beam, the formula for U and V must be changed accordingly, or the entries
must be provided for in a table. In the latter case the CONMIN table should be removed,
since it becomes meaningless, or should be corrected if the vacuum beam at nonzero
values of Z is to be determined analytlcally

PREDCT

See Appendix B for the comment cards and AHU for a discussion of the
predictor.

12
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UPDATZ

See Appendix B for the comment cards.

BOUNDS .
Assigns boundary values to U and V at the edges of the grid; these are taken to

be zero, except downwind. When the beam is sufficiently weak at the boundaries, the
calculation is insensitive to assigning zero to the boundary values.

SHIFT

See Appendix B for the comment cards.

FOLLOW

This subroutine displaces the values in the arrays for U and V and the ‘intensity

so as to keep the peak intensity point in the beam in the center of the grid.

WARNING: This subroutine is incorrect when an array has an explicit depend-
ence on the variable Y; this case occurs when kinetic cooling is present, i.e.,

6 # 0 and 7 # 0. However, it has been determined experimentally (5) that 7

is substantially smaller. (6) than it had been thought originally to be (7). There-
fore, for CO9 laser beams, 6 has been consistently set equal to zero; for beams
other than COg4, the kinetic-cooling theory is inappropriate anyway, so again &
is set equal to zero. Under these conditions the subroutine correctly shifts the
arrays.

INTENS
See Appendix B for the comment cards. Subroutine INTENS also prints the

array that compares intensities averaged over isoirradiance contours with the correspond-
ing vacuum beam quantities, the areas of these regions, etc. (See the previous comments
in subroutine VACAMP.) '

The remaining subroutines provide graphical output and are machine dependent.

Therefore, these would have to be replaced by equivalent subroutines appropriate for use
on the user’s computer. This program has been written to be used on the CDC 3800 at
the Naval Research Laboratory.

NS ok N
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PROP E

CALL INPUT TO
READ IN CARDS

CALL SETUP TO SET
COUNTERS, FLAGS,
STEP SIZES, ETC.

1

CALL INITL{}) TO
FILL ARRAYS U, V(1)
{USING VACAMP {xy}}

¥

CALL INTENS TO
CALCULATE INTENSITY
AT ALL MESH PTS, TOTAL
INTEGRATED INTENSITY
RATIOS, ETC,

sets Qi) = U2 + v, 2

CALL GRAPH 1,
QUTPUT {4},

GRAPH 2

FOR FINAL OUTPUT

FOR ENERGY
CONSERVATION,

TEST
FOR VACUUM
RUN

PLTCAL =1

CALL INDEX TO
SET CC VALUES
USING U1, V1

\ i

Appendix A

FLOW CHART

SETNOUT =%
NXY ~6

PLTCAL =2
PRINT: THIS IS A VACUUM RUN

ZERO CC ARRAY

CALL OUTPUT (1,1}
TO PRINT U1, V1

CALL UPDATZ
SETS Z = Hz

CALL INITL (2}
TO SET U2, V2

CALL QUTPUT (1,2)
TO PRINT U2, V2

SE
S

detl = 0

14

CALL GRAPH 2
{TERMINAL PLOTS}

BEGIN Z-LOOP | g
PRTTS

XP=KP+1

COUNTER FOR STORING
TEAMINAL PLOTS DATA
EVERY kk max th ITERATION

CALL FOLLOW

CALL PREDCT FOR
NEW U3, V3 + NEW
CC VALUES

APPLY BOUNDARY CONDITIONS

CALL INTENS
(DOES TEAMINAL PLOT STORAGE}

TEST
FOR ENERGY
CONSERVATION,

SET NOPLOT = 2
Kiw K+ 1

TEST FOR
RUNNING PLOTS
2> ZPLOT (K

NO

/

\




Appendix B
FORTRAN LISTINGS

PROGRAM PROP E

CHOROAORABBRRRBNBBRRBDEPRRBBRPRDIVBUBBRRERRARFBERRRBOLRBBPRRRRRBRORBNRNN N

OO0 00000 N0 00000000

PROGRAM PROP IS A THREE DIMENSIONALe TIME-INDEPENDENT

CODE DESCRIBING THE STEAOY STATE PROPAGATION OF HIGH-

INTENSITYy UNPOLARIZED MONOCHROMATIC LIGHT IN A GASEOUS

MEOIUM IN WHICH A WIND IS PRESENT, THE BEAM CAN BE INITIALLY
FOCUSSED OR CAN BE LAUNCHED PARALLEL TO THE Z AXIS.

THE INTENSITY OF THE LIGHT BEAM IS GREAT ENOUGH TO ALTER

THE DENSITY OF THE GAS THROUGH DIRECT HEATING AND THROUGH

COOLING BY MEANS OF THE VIBRATIONAL~TRANSLATIONAL TIME LAG, THE
ALTERED DENSITY IMPLIES A CHANGE OF INDEX OF REFRACTION WMICH

IN TURN ALTERS THE LIGHT PATH SINCE THE INDEX APPEARS AS A FACTOR
IN THE WAVE EQUATIONe FURTHERMOREy SINCE THE INTENSITY DEPENDS ON
THE SQUARE OF THE LIGHT AMPLITUDE, THE PROBLEM IS NON=LINEAR.

THE APPROPRIATE EQUATION IS THE SCALAR HELMHOLTZ EQUATION TOGE~
THER WwITH THE PARAXIAL (FRESNEL) APPROXIMATION WHICH STATES
THAT THE SECONO DERIVATIVE OF THE AMPLITUDE WITH RESPECT Y0 Z
IS MUCH LESS THAN WAVE NUMBER TIMES FIRST DERIVATIVE WITH _
RESPECT TO Z, THE RESULTING EQUATION IS PARABOLIC AND IS THEREe
FORE UNIQUELY SOLVED BY INITIAL OATA AT THE SOURCE PLANE, HENCE
A MARCHING TECHNIQUE IS USED TO PROCEED FROM 220 TO DISTANCES
OF INTEREST (1 70 10 KILOMETERS)

THE ALGORITHM USED TO INTEGRATE IN Z IS A SIMPLE TWO=POINT
PREDICTOR, SYMMETRIE SECOND-ORDER DIFFERENCES REPRESENT THE
TRANSVERSE LAPLACIAN® THE INTEGRAL ALONG THE WIND TO CALCULATE
THE CHANGE IN INDEX OF REFRACTION IS DONE 8Y THE TRAPEZOIDAL RULE,
SINCE THE ALGORITHM IN 2 IS SECOND ORDERy SPECIFICATION OF THE ¥

AMPLITUDE AT THE FIRST MESH PLANE AS WELL AS AT Zs0 IS REQUIRED.

CHORBREBBAVNBBBRBBRNBRBRBERRPROABRRERBRBOERRBBERRBBRTIRBRNBBRRDRVBORNBRNE NS

O 00O OOOOOOODOOO O

COMMON ARRAYS

cc INDEX OF REFRACTION CHANGES
FORM} PRINTING STATEMENT FORMATS
FORM2 PRINTING STATEMENT FORMATS

PLTGSN GEBHARDT AND SMITH N=PARAMETER VALUES FOR PLOYTING
PLTRAT RATIOS OF INTENSITY TO VACUUM INTENSITY FOR PLOTTING
PLYREL RELATIVE INTENSITY VALUES FOR PLOTTING

QI INTENSITY IN A TRANSVERSE PLANE AS A FUNCTION OF
X AND Y

QUMAX BEAM DEFLECTIONS

QOMAX MAXIMUM INTENSITY VALUES

UsV REAL » IMAGINARY PARTS OF THE AMPLITUDE

21 POINTS AT WHICH INTENSITY RATIOS ARE CALCULATED

M POINTS AT WHICH INTENSITY MAXIMA AND OEFLECTIONS
ARE CALCULATED oeevescseIN KILOMETERS

ZPLOoT VALUES OF Z (KMS) AT WHICH PLOTS ARE YO BE DONE

COMMON VARIABLES AND CONSTANTS GENERATED B8Y THE PROGRAM
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P. ULRICH, HAYES, HANCOCK AND J. ULRICH

ALFCON = STORES INITIAL VALUE OF ALPHA

ALFSUM = LOCATION FOR ALPHAINTEGRATION SUMMING DURING Z~ITERATIONS

AWAIST = RADIUS OF BEAM AT WAIST IN VACUUM

CZERO = STORES INITIAL VALUE OF C

0 = VACUUM RAY TRAJECTORY (DISTANCE FROM CENTER) SQUARED

DEF s DEFLECTION OF BEAM IN PROGRAM UNITS, MEASURED ALONG Y«DIRECT10
(BUT Y=DIRECTION IS PLOTTED ON X=AXIS)

DEFL = QDEFLECTION OF BEAM IN CM = DEF®WIDTH®FOCUS

ONEW s D CALCULATED IN TERMS OF AWAIST AND ZWAIST

FACTOR = SQUARE ROOT OF D

FHAT = ZETA EVALUATED AT THE FOCAL POINT

FL = FOCAL LENGTH IN KMS

FOCUS = FACTOR FOR SHRINKING COORDINATE SYSTEM

HZ = STEP SIZE IN THE Z DIRECTION (IN PROGRAM UNITS)

HZX = HZ/HX#%2

HZY 2 HZ/HYw#e2

IMAX AND JMaX = INDICES OF LARGEST QI(lsJ)s (PEAK INTENSITY)

1a £ INDEX FOR INTENSITY MAXIMUM (QQMAX)

JCMAX = J=INDEX OF LARGEST QI(NXeJ) FOR GIVEN NX

JMAX (SEE IMAX)

KJ = ZPLOT INDEX

KKMAX = NUMBER OF STEPS BETWEEN TERMINAL PLOT CALCULATIONS
KP = COUNTER FOR TERMINAL PLOT CALCULATIONS

NOPLOT = PLOTTING FLAG =- =] TO SKIP PLOTe =2 TO PLOT

NOUT = ENERGY ABORT FLAG

NSTEP = NUMBER OF STEPS IN THE Z=DIRECTION TO LAST ZPLOT VALUE
NX1 = NUMBER OF CELLS IN x=DIRECTION

NX2 = CENTRAL MESH POINT IN X<DIRECTION

NXY = COUNTS CALL TO TOPOGRAF

NY) = NUMBER OF CELLS IN Y=~DIRECTION

NY2 = CENTRAL MESH POINT IN YeDIRECTION

Pl = 3,1415926

PLTCAL = GIVES PARAMETER PRINTOUT ON ST TOPOGRAF PLOT

QMAX = VALUE OF PEAK INTENSITY, QI(JMAKsIMAX)

ROZERO = STORES INITIAL VALUE OF RO

SUM = TOTAL INTEGRATED INTENSITY

SUMI = SAVES INITIAL SUM FOR SUM2 CALULATION

SUM2 = TEST FOR ENERGY CONSERVATION

WIDTH = WIDTH IN CM OF A PROGRAM UNIT IN THE Xev PLANE (INITIAL RADIUS
W2 . = INITIAL RADIUS SQUARED

z = DISTANCE ALONG BEAM PATH IN KILOMETERS

ZETA = RANGE OVER 1/2 RAYLEIGH RANGE = Z/(WN*w2)

ZWAIST = RANGE TO WAIST OF BEAM IN VACUUM

zz = DISTANCE ALONG BEAM PATH (IN PROGRAM UNITS)

COMMON /1/ CC(31961)s FORMY(2)s FORM2(2)s PLTGSN(200),

1 PLTRAT(20093), PLTREL(200), QI(61,61)y QUMAX1200)y QQMAX(200),

2 U(3196103)OV(31961'3IQZI(ZOO’OZM(ZOO)'ZPLOT(ZO)

COMMON /SINGLS/ALFCONsALFSUMyALPHA,AWATST¢BETA»CyCZERO9DDEF 4DEFL
DELTAsDIAMsDNEWIECHNGsF o FACTORyFHAT 9 FLoFOCUSyGAMMASHX s HY 9 MZ o HI Xy
HZY’IMAXoIO.JcMAX.JMAX!KJ.KKMAX,KP.KQNAXpLPLOT{NALPH.NBETA,NDSL.
NFOCUS s NOPLOT yNOUT yNOLPLCyNPLOT yNTAUSNXsNXY sNX1 o NX2yNY 4 NYE NY
OMEGAOP.PHZOOPI'PLTCAL’PONERvPU'QMAXoQUcREFRACOROORDZER005UM|5UM1

s TAUS TEMP , THETAoVZERO W2 o WIDTHyWNyZyZETA 2T, ZWAIST 422

TN & W N
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CALL INPUT
CALL SETUP
CALL INITL (1)
CALL INTENS

TEST FOR ENERGY CONSERVATION

I1F (ABSF {(SUM=POWER) /ROWER) *GT*ECHNG) GO TO §

TEST FOR VACUUN RUN AND FILL INDEX OF REFRACTION ARRAYs CC

IF (BETA.EQ.0) GO TO 1
PLTCAL=1

CALL INDEX (1)

GO TO &

ZERQ INDEX OF REFRACTION ARRAY,
PLTCAL =2
PRINT 2

FORMAT (21H41THIS IS A VACUUM RUN )

ALPHA'O-O

00 3 I=1sNX
D0 3 J=1sNY
CClIvJ) = 0

€cCy FOR VACUUM

FINISH CALCULATING AND PRINTOUT INITIAL CONDITIONS

CALL OUTPUT (]1s0¢1)
calL UPDATZ

CALL INITL (2)

CALL OUTPUT (1,0,2)
DEFLa0,

BEGIN ITERATIONS IN Z

JJ=0

JuaJgJel

KPz2KP+¢]

CALL FOLLOW

CALL PREDCT

CaLL uUPDATZ

CALL BOUNDS(3)

CALL INTENS

TEST FOR ENERGY CONSERVATION

IF (ABSF ( (SUM=POWER) /POYWER) ¢ GT«ECHNG)

CALL OUTPUT (2yJJr0)

TEST FOR RUNNING PLOT
NOPLOT=)

IF (ZeLToZPLOT(KJ)) GO TO 7
NOPLOT=2

CALL QUTPUT (3,JJ3)

GO TO 6

Go To 5

[l
""n
=
2
(%]
g
Iromn
Ll
[
[

L

SLIP IN HERE AND GET FINAL RUNNING OUTPUT BEFORE EXITING ON ECHNG OVERF
NOUT=1 :
NXY=g

6 CALL GRAPH1
CALL OQUTPUT (64JJy0)
IF (KJeGT<NPLOT) GO TO 9
IF (NOUT,EQ,)1) GO T0 9

7 CALL SHIFT (UsVyNXsNY)
8 GO0 T0 10

c Z ITERATIONS ARE FINISHED. DO FINAL GRAPHS
9 CALL GRAPHZ2

STOP
ENOD

17
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SUBROUTINE INPUT

DATA CARDS READ SHOULD CONTAIN THE FOLLOWING

CARD 1
HXeHY
POWER
VZERO
-F
OMEGA
PH20

CARD 2

NX

NY
KQMaXx
NOLPLC

LPLOT
NFOCUS

CARD 3

GAMMA
REFRAC

c
4]
DIAM

THETA
wN

CARD 4

RO
P
ECHNG

TEMP
CARD S

NDEL
DELTA
NTAU
Tau
NALPH
ALPHA

STEP SIZES IN THE X,Y DIRECTIONS
INPUT POWER IN WATTS

WIND VELOCITY CM/SEC

(IN YepIRECTION)

FOCAL LENGTH OF FOCUSSED BEAM IN CM
SLEWING RATE IN RADIANS/SEC

PARTIAL PRESSURE OF WATER IN TORR

NUMBER OF MESH POINTS IN X DIRECTION
(HALF AS MANY AS IN Y DIRECTION DUE TO SYMMETRY
ABOUT WIND DIRECTION (Y=-DIRECTION))
NUMBER OF MESH POINTS IN Y DIRECTION
NUMBER OF MAX INTENSITY CALCULATIONS
a0 IF TRANSVERSE LAPLACIAN INCLUDED
3]l IF TRANSVERSE LAPLACIAN IS DROPPED
= 0 FOR GROUP PLOTTING

= 1 FOR SEQUENTIAL PLOTTING

s0 FOR FOCUSED PLOTTING

=] FOR NON~FOCUSSED PLOTTING

RATIO OF SPECIFIC HEATS

MOLECULAR REFRACTIVITY

VELOCITY OF SOUND CM/SEC

DISTANCE (KM) AT WHICH INTERACTION STOPS,
HALF WIDTH OF INITIAL GAUSSIAN PROFILE

OR RADIUS OF APERTURE

ELEVATION ANGLE OF BEAM

WAVE«NUMBER OF LIGHT SOURCE

AMBIENT DENSITY

TOTAL AMBIENT PRESSURE IN TORR

ABSOLUTE MAGNITUDE OF RELATIVE CHANGE OF INTEGRATED
INTENSITY To CAUSE RUN ABORT

AMBIENT TEMPERATURE IN DEGREES CENTIGRADE

SET =1 TO ENTER VALUE OF DELTA THAT FOLLOWS,
COOLING PARAMETER

SET ®] TO ENTER VALUE OF TAU THAT FOLLOWS.
V=7 RELAXATION TIME

SEY =) TO ENTER VALUE OF ALPHA THAT FOLLOWS,
TOTAL ABSORPTION COEFFICIENT

18
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NBETA SET =1 TO ENTER VALUE OF BETA THAT FOLLOWS.,
BETA FACTOR BEFORE INTEGRAL OF INTENSITY OVER WIND
DIRECTION IN SUBROUTINE INDEX
CARD 6
FORM1 A PRINTING FORMAT
CakD 7
FORM2 A PRINTING FORMAT
CARD 8
PW MULTIPLE OF VACUUM WAIST POSITION TO GIVE WAIST
POSITION
aw MULTIPLE OF VACUUM WAIST TO GIVE WAIST SIZE
CARD 9
NPLOT NUMBER OF PLOTS

CARDS 10see¢ VALUES OF Z AT WHICH PLOTS ARE DESIRED (KM)

COMMON /17 CC(31961)9s FORML(2)9s FORM2(2)e PLTGSN{200)

1 PLTRAT(20093)y PLTREL(200) s QI(61961)9 QUMAX(200) s QQMAX(200)

2 U(3196193)9V(3116193)921(200)92ZM(200)9ZPLOT (20}

COMMON /SINGLS/ALFCONSALFSUMyALPHA AWAISTIBETA9C9CZEROD +DEF sDEFLy
DELTAsDIAMyDNEWSECHNGyF s FACTOR9FHAToFLoFOCUS9»GAMMAgHX o HY ¢yHZ 9 HZ Xy
HZY o IMAX 9 1Qs JCMAX 9 JMAX 9 KJ s KKMAX ¢ KP 9 KQMAX 9 LPLOT sNALPHyNBETASNDEL »
NFOcUS,NOPLOT.NOUToNOLPLCoNPLOT,NTAU,NXoNXY,NXloNXZoNYoNYIoNYZQ
OMEGA 4P 4 PH20,PT,PLTCAL +POWERPWQMAX o QW ¢ REFRAC, ROy ROZERD y SUM, SUM]
2 TAUYTEMP s THETA'VZERO W2y WIDTHoWNeZ o ZETAZT 9 ZWALIST 22

N & WhN -

READ 100¢HXyHY,POWER,VZEROQsF y OMEGA4PH20
FORMAT(7E1043)

READ 200 9NXsNY 4 icQMAX s NOLPLCyLPLOToNFOCUS
FORMAT (615)

READ 300+GAMMA,REFRACCeZToDIAMy THETA¢WN
FORMAT (7E1043)

READ 4009ROsPyECHNG TEMP
FORMAT (4E1043)

READ 500 yNDEL 4DEL.TAGNTAU,TAU,NALPH,ALPHA,NBETA,BETA
FORMAT (4 (I54E1043))

READ 600+ (FORML(I)s1I=142)
FORMAT (ABsA6)

READ 700+ (FORMZ2(1)91=1+2)
FORMAT (A84AS)

19
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READ B800sPWeQW
800 FORMAT(2E10+3)

READ 900¢ NPLOT
900 FORMAT (I5)

READ 1000y (ZPLOT(I)sIml,oNPLOT)
1000 FORMAT (8F10.1)

PRINT 1019sHXsHYsPOWERsVZEROF ¢ OMEGA ¢ PH20
101 FORMAT(® Hx=®E12,5/% HYZ®E12,5/¢ POWERa®E12,5/

1* VZEROB®E12,5/% Fz¥E12.5/% OMEGAS®E12.5/% PH20a®E}2,5/)

PRINT 201 ¢NXyNYsNPLOT s KGUMAX
201 FORMAT(# NXz#I5/8 NYs#IS/#% NPLOTa#IS/® KQMAX3#IS)

IF(NOLPLC +EQ. 0) GO TO 204

PRINT 203
203 FORMAT(® THIS RUN HAS NO DIFFRACTION®)
204 CONTINUE

PRINT 205¢LPLOToNFOCUS
205 FORMAT(® LPLOT=#1S5/® NFOCUS=#15/)

PRINT 3019GAMMA,REFRACyCo2ZTyDIAMyTHETAyWN
301 FORMAT(® GAMMAZ®E12,5/% REFRACZ®E12,5/% CIVE12.5/% ZT3%E12.5/

1 ® DIAMR®E]12,5/% THETAS#E12,5/% WNa®E12.5/) o

PRINT 401,R0O QP'ECHNG'YEMP
401 FORMAT(* RO=®E]12,5/% Pa®gl2,5/% ECHNGI®EL12,5/% TEMPa#E12,5/)

RETURN
END
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SUBROUTINE SETUP

SET FLAGSs COUNTERSy INDICESy CONSTANTSs AND STEP SIZES

COMMON /1/ CC(31+61)9 FORM1(2)s FORM2(2)s PLTGSN(200) s
1 PLTRAT(20043), PLTREL(200), QI(61y61)s QUMAX(200), QQMAX(200),
2 U(Ilybly3)ov(31,6193)9Z1¢200)9ZM(200)9ZPLOT(20)

COMMON /s INGLS/ALFCONy ALFSyM, ALPHA, AKAISTyBETA9CoCZEROyDoDEF 9 DEFLy .

1 DELTA4DIAMyDNEWECHNGyF ¢FACTORFHAT9FLIFOCUS)GAMMASHXoHY sMZoHZ Xy
2 HZY o IMAX9 IQo JCMAX s JMAX 9 KJoKKMAX 9 KP 9 KQMAX 9 LPLOTyNALPHsNBETA#NDEL ¢
3 NFOCUSyNOPLOT yNOUT ¢ NOLPLCoNPLOToNTAUSNXyNXY 9NX1oNX29NYsNY1yNY2y

4 OMEGAIPsPH2O 4P sPLTCALIPOWERPWsQAMAX »QWsREFRACIRO9ROZERD ¢ SUM,SUM]
S oTAUSTEMP s THETAWVZERO W24 WIDTHyWN9Z s ZETAWZTZWAIST 22

PARRAY PROVIDES WORKING LOCATIONS FOR SYSTEM PLOTTING ROUTINES
DIMENSION PARRAY(1000)

INITIALIZE SYSTEM PLOTTER
CALL PLOTS(PARRAY 9100091}

NOPLOT=)
PI1=3,1415926
220,

2ETA=0,
22=0,

D=l.

DNEw3l.
FOCUS=].
Ias)

NXY=}
ALFSUM=(
NOUT=0
CZERO=C
ROZERO=RO
NX1aNX=1
NY]:NY.]

NX2 = 2%NX=2
NY2zNY/2e1
WIDTHSDIAM/ (2,0#SQRT(2,0))
W2sWIDTH#WIDTH
FL=Fs100000,

KJ=]

CALCULATE COOLING .PARAMETERS IF NOT READ IN
ALPHA2 = ABSORPTION COEFFICIENT OF Co2

ALPHAR22,00144%( (29547 (2734¢TEMP))##] ,5)#(10,%%(w0T70./(TEMP¢273,)))
ALPHAZ=26,7E~T

IF (NTAU.EQ.1) GO TO 1

TAU=14/(30.0438,0%PH20)

IF (NALPH.,EQ.1) GO TO 2
ALPHAZ (4,432E=11) #PH20* (P+193.%PH20) + ALPHA2
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P. ULRICH, HAYES, HANCOCK AND J. ULRICH

2 IF (NDEL.EQ.1) GO 7O 3
DELTA= (ALPHA2/ALPHA) *2,44

3 ALFCON=ALPHA

CALCULATE BETA

IF (NBETA.EQ,1) 60 TO 11
BETA =(GAMMA=1,) A PHA#REFRAC#3,#POWER® (1,0E+007) SWIDTHo#WN®WN
1/7(C*C*VZEROD)
11 PRINT 12¢NDEL sDELTAYNTAU, TAUYNALPHALPHAYNBETAsBETA
12 FORMAT (* NDEL=#15/% DELTA3%E12,5/% NTAU=®15/% TAUa#E12,5/
1 # NALPH=z®#IS/® ALPHA=z®El2,5/¢ NBETA=*#I5/¢ BETA=#g12,5/)

PRINT THE LAST INPUT ITEMS (CARD 8)
PRINT 13,PW,yQW
13 FORMAT (% Paegl2 5,0 Qsegl2,5/)

CALCULATE POSITION AND SIZE OF VACUUM BEAM WAIST,
FHAT=F/ (WN*W2)
AWVSFHATY/ SQRTF (14¢FHAT®FHAT)

IWVEFHAT/ (1o oFHAT#FHAT)

CALCULATE WAISY SIZE AND POSITION OF COORDINATE SYSTEM
AWAIST=QW*AWY

ZWAIST=PWHZWY ‘

FACTOR = CHANGE FOR BIFF=EQ IN NEW COORDINATE SYSTEM
FACTOR=AWAIST#AWAIST# (] e=AWAISTHAWATIST) /7 (ZWAIST#ZWALIST)

ZWaZWAISTWNSW2

AWSAWATIST#WIDTH

PRINT 50,ZWyaW

FORMAT (# WAIST POSITION=#E]2.5 # WAIST RADIUS=#E12.5)

HZ2) e/ (BETA®4e/ (QWHFHAT) # (1o /HXS#24 (QW#PWENXSHX) ##2) )
PRINT 14,HZ

14 FORMAT (® HZa® fl2,9)

HZYaHZ/ (HY#HY)

HZXZHZ/ (HX®*HX)

CALCULATE NUMBER OF STEPS TO REACH LAST ZPLOT VALUE
AWSAWAISTew>

BB’lo'AU

SB=SQRTF (BB)

ExEXPF (HZ#SB/ZWAIST)

HZKMIZWAIST# (1,0 ((( o=SH) *#2) SEeE=aW)/ (2, (Sg-B5) *E) ) *WN#w2/10 #e5
NSTEPazPLOT(NPLOT) /HZKM o 1

KPEKKMAX=1

KKMAXENSTEP/KGMAX ¢ 1

RETURN

END
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FUNCTION VACAMP (XsY N}

COMMON /17 CC(31+61)s FORML(2)s FORM2(2)s PLTGSN(200)

1 PLTRAT(20093)y PLTREL(200)y QI(61+61)9s QUMAX(200) QQAMAX(200) s
2 U(3196193)9V(3196193)921(200)902ZM(200)+2PLOT(20)

COMMON /SINGLS/ALFCONSALFSUMsALPHAYAWAISTIBETASCeCZEROYDIDEF9DEFL Y
1 DELTAYDIAMyDNEWsECHNG 9F yFACTORFHAToFL sFOCUS»GAMMA ¢HX 9 HY yMZoHZX o
2 HZY o IMAX9IQsJCMAX s JMAX 0KJ o KKMAX 9 KP 9 KQMAX 9 LPLOT ¢yNALPHyNBETA +NDEL o
3 NFOCUSsNOPLOT yNOUT oNOLPLCINPLOT ¢NTAUSNXoNXYsNX1gNX24NYoNYIgNY 2,

4 OMEGAWPsPH20sPIyPLYCAL'PONERIPWsQGMAX s QW9 REFRAC sRO9ROZERD s SUMy SUM]
S oTAUSTEMPYTHETAIVZEROsW2oWIDTHeWNeZoZETAZToZWALIST 22

2121,~2#100000,/F

F23FOCUS*FOCUS
V1ZFOCUS®EXPF (= 5% (X*XeY#Y) #F2/D) / (D¥SQRTF {PI))
Dll(ZETA'(l.ol./(FHAT'ﬁHAT))-lq/FHAT)/D
ONI=(ZETA/ZWALIST=14) # ()l aeaAWAlSTRAWAIST) / (ZWALISTH*DNEW)
ALPH 3 0,5%(X%x ¢ v#Y)#(pl « pN1)#F2

C1=COSF (ALPH )

S1=SINF(ALPH )

60 TO (3s2) N

CONTINUE

VACAMPEV]#(Z]#C]+ZETA®*S])

60 TO 100

CONTINUE

VACAMPE=V]# (ZETA#C1~Z1%5])

CONTINUE

END
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P. ULRICH, HAYES, HANCOCK AND J. ULRICH

SUBROUTINE INITL (N)

COMMON /17 CC(31+61)9 FORM1(2)9 FORM2(2)s PLTGSN(200),

1 PLTRAT(200¢3)y PLTREL(200)y QI(61461)9 QUMAX(200) QQAMAX (200)

2 U(31+6193)9VI(3196193)921(200)92ZM(200)¢ZPLOT(20)

COMMON /SINGLS/ALFCONOALFSUM'ALPHA.ANAISTQBETAQCOCZEROQDODEFODEFL.

é DELTA9DIAMyDNEWSIECHNG s F g FACTORGFHAT oFL 9 FOCUSyGAMMA g HX s HY o HZ 9 HZ X »
HZY» IMAX 9 TQo JCMAX 9 JMAX 9 KJ g KKMAX 9 KP o KQMAX 9 LPLOT yNALPHoNBETA9NDEL »

3 NFOCUSyNOPLOTyNOUT ¢NOLPLCoNPLOT¢NTAUGNX g NXY gNXLgNX2oNY s NYEoNY2,

4 OMEGAPyPH20,PI4PLTCALIPOWERsPW,QMAX QW 4REFRACyROyROZERD 4 SUM,SUM]

S sTAUSTEMP o THETAIVZERO W2y WIDTHyWNoZsZETA92T9ZWAIST,22

GO TO (10920) N

CONTINUE

Xm=pX

DO 11 I=1sNX1

XaXeHX

Yae (NY2=])#HY

p0 11 Js2,Nyl

YoYeHY
UtIsJs))BVACAMP (X9Yel)
V(IeJs1)=VACAMP (XsYe2)
CONTINUE

CALL BOUNDS()])

RETURN

CONTINUE
CALL BOUNDS(2)
Y= (NY2=]) *HY

THIS PART IS SEPARATE SINCE SYMMETRY MAKES I=1 A SPECIAL LINEe

D0 24 J=24NY1

Xm0,

YsYe+HY

IF (NOLPLC+EQs)) GO TO 21

FORM DIFFERENCES FOR DERIVATIVES

DELUX=(U(20Js1)aU(lyJdel))®2,0
DELVX=(V(29Js1)=V(10J01))*2,0
DELUYEU(LloJelol)w2,%U()odol)eU(1lsd=ly])
DELVYaV(ledelyl)a2,eytlyyylyev(l,y.l,

PREDICTED VALUES

XYD= (X#XeY®Y) /FOCUS
XYD=XYD#FACTOR

UlleJe2)2U(leJyl) 20 ,5*¥HZX®*DELVX=0S*HZY*DELVY* (XYD “CC(leJ))
18V (1yJs1)#05%HZ

VI(lode2)=2V(leJel) 20,5*HZX*DELUX¢0,5%HZY*DELUY=(XYD =CC{ls))
1%U (10 Je1)*0,5%2

GO TO 22

24
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REPLACE LAPLACIAN METHOD WITH THE FOLLOWING WHEN NOLPLCs]

UGTleds2)3U(TeJsl)»CClLleJ)®V(IoJel)#HZ®0,5
V(Iede2)sVI(19Js1)¢CC o) *U(Tede 1) #HZ#045

CONTINUE

00 24 I=29NX]}

X3XeHX

IF (NOLPLC.EQ,1) GO TO 23

FORM DIFFERENCES FOR DERIVATIVES

DELUX3U(T¢loJel)=2.*U(I0Js1)sU(E=19Js])
DELVXaV(I¢loJol)m2e#VIiIousl)eV(I=ladsl)
DELUYZU(T9Je191)=2,%U(lrJol)eU(Tod=lrl)
DELVY2V(lsJelol)=2e®VIInJel) oV (IsJmlsl)

PREDICTED VALUES

XYD=(X#XeY®Y)/FOCUS

XYD=XYD#FACTOR

UlIeJe2)3UlIeJdsl) =0eS*HZX®MDELVX=0eS*HZYSDELVY* (XYD =CC(IsN))
1%V (IeJel) #0,5%HZ

V(IeJe2)aV(lgJsl) ¢0eSPHIX#DELUX®0eS#HZY#DELUY=(XYD =CC(1e))
1*U(TsJel) %0 5%KH2Z

GO TO 24

REPLACE LAPLACIAN METHOD WITH THE FOLLOWING WHEN NOLPLC=]
UCTede2)y(TpJs 1) =CCIy ) #y(TsJyl) #HZ#0,5
VIIode2Y2V{TeJde1) oCClIo ) #UlToJs]) #HZ®0.5

CONTINUE

RETURN
END
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P. ULRICH, HAYES, HANCOCK AND J. ULRICH

SUBROUTINE PREDCT

CRURBBBBBNRORBRBBRBBRBRRBRBBRT IR BB BRBE DB RBEERRBE RV EHOERRBRDROBRDERRBRB DO

c THIS ROUTINE 1S A TWO=POINT PREDICTOR SOLVING THE APPROXIMATE
c WAVE EQUATION.

CRUNNRNRRRRNBORBBNANBABRDRORBERRD OB RDRRDDRRBDERROBRRGRERRERBED DL IR RI BB NN NN

COMMON /1/ CC(31961)9 FORML(2)9s FORM2(2)s PLTGSN(200),

1 PLTRAT(20093)y PLTREL(200)s QI(61461)s QJIMAX{200)9s QQMAX(200)

2 U(3196193)9VI3196193)9Z21(200)9ZM(200)92ZPLOT(20)

COMMON /SINGLS/ALFCONyALFSUMALPHAGAWAISToBETACoCZEROWODEF+DEFL
DELTAWDIAMyONEWIECHNG oF yFACTORyFHAToFLoFOCUSsGAMMAsHX s HY yMZ sHZ X s
HZY 2 IMAX 1Qe JCMAX s UMAX IKJ o KKMAX 9 KP s KQMAX o LPLOT o NALPHoNBETAWNDEL s
NFOCUS sNOPLOT s NOUT yNOLPLCINPLOTsNTAUSNXaNXY oNX1 oNX29NY9aNY1oNY2)
OMEGA 9P yPH2OsPIyPLTCALIPOWERPW,QMAX QW3 REFRAC 9 RO9yROZERD ¢ SUMySUM]
sTAUSTEMPy THETAWVZERO W W2y WIDTHoWNyZ 9 ZETA9ZT 9 ZWAIST 22

c GET CURRENT INDEX CHANGES INTO THE ARRAY CC(leJ)
c SKIP INDEX caLL FOR VACUUM RUN

N&SWN

IF (BETA,EQ,0) GO TO 1}

CALL INDEX(2)

1 CONTINUE
Y--HY'(NYa-*) s DEF
DO S lepNY
X=0,
YaYeHY

c USE TRANSVERSE LAPLACIAN UNLESS NOLPLC=1}
IF (NOLPLC.EQ.1) GO TO 2

c FORM DIFFERENCES FOR DERIVATIVES

DELVX®(V(29J92) =V (19Je2))%2,0
DELUX=(U(29J92)=U(19J92))%2,0
DELUY=ZY(19)¢]192)=2,%U{19J92)0U(19J=192)
DELVYRY(19Je)e2)=2,%V (1 J92)ev(l9eJmly?)

C PREDICTED VALUES
XYDS (X*Xey®Y) /FOCUS
XYD=XYD#*FACTOR
Utlede3)mU(lyJdyl ) HZXPDELVX=HZY#®DELVY+ (XYD~CC(loJ))#V(1,J,2)#HZ
V(leUs3)my(leJyl) ¢ HZX®DELUX®HZY#DELUY=(XYD=CCllod})®y(1,yJ,2)#HZ
GO T0 3 ,

c DROP TRANSVERSE LAPLACIAN WHEN NOLPLC=1

2 U(11Js3)8U(1eJde1)=CClLaJ)#V (10Js2) #HZ
Vilegea)avilede1decclin DI ®Ul)9uy2) #HZ

26
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CONTINVE
DO 5 la2,NX]
X=X eHX

USE TRANSVERSE LAPLACIAN UNLESS NOLPLC=]
IF (NOLPLC.EQ.})) GO TO 4

FORM DIFFERENCES FOR DERIVATIVES

DELUX3U(Telyde2)=2%U(l0J9s2)¢U(I=]19Jy2)

DELVXEV(I+1pJe2) =28V (I0ds2) eV (l=1yJe2)
DELUYZU(T9Je)92) 2, %U(I0J92) sU(Todm192)
DELVYSV(IsJels2)=2,#v{IeJs2)eVv(lydel,2)

PREDICTED VALUES

XyD=(X#XeY*Y)/FOCUS
XYD=XYD#FACTOR

V(IeJ93)8ViIede 1) ¢HZX*DELUX¢HZYHDELUY=(XYD=CC (19 J) ) #U(IsJe2) #HZ
U(T9Jde3)EU(Tsdy]) »HZX®DELVX=HZYRDELVY$ (XYD=CClIod) ) #V(IeJe2) #HZ

60 TO S
ODROP TRANSVERSE LAPLACIAN WHEN NOLPLC=l
U(Lede3)2UlIedsl)=CC(Iad)®v(TeJs2)#HZ

Vs us3)aviTedyldecCiIrd)*ylTeJe2) #HZ
CONTINUE ‘

RETURN
END

27
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SUBROUTINE BOUNDS (KK)
ASSIGN BOUNDARY VALUES

COMMON 71/ CC(319¢61)9 FORM1(2)s FORM2(2)s PLTGSN(200)

1 PLTRAT(20093)y PLTREL(200)9 QI(614961)9 QUMAX(200)» QQMAX(200)
2 U3196143)9v(3146143)42Z1(200)9ZM(200)+ZPLOT(20)

COMMON /SINGLS/ALFCUN, ALFSUMy ALPHA, AWAISTsBETA$CyCZERO,D4DEF4DEFL,
) DELTAsDIAM4DNEW)ECHNGsF 4FACTORIFHAToFL9FOCUSIGAMMAYHXsHY $HZ 9 HZ Xy
5 HZY.IMAX'IQ.JCMAX9JMAXvKJoKKMAX.KP.KQMAXoLPLOT{NALPH,NBETA.NDEL.

NFOCUS s NOPLOT yNOUT s NOLPLCINPLOToNTAUSNXsNXY 9NX19gNX2yNY4NYToNY2,
4 OMEGAsPyPH20sPI1yPLTCALIPOWERPWyQMAX s QW9 REFRACIRO»ROZERD » SUMySUM]
S sTAUYTEMPyTHETAWVZERO W2y WIDTH WNyZoZETA9ZToZWAIST22

DO 1 I=x].NX
U(IsNYoKK) =20,
V{IsNYsKK) =0,

D0 2 I=)yNX
UlleleKK)=Q,
V(leloKK)=0,

DO 3 Us]lNY
UINXyJeKK) 200
VINX9JeKK) =0,

RETURN
END
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SUBROUTINE SHIFT
COMMON 71/ CC(31+61)s FORMI(2)s FORM2(2)y PLTGSN(200)
1 PLTRAT(200013), PLTREL(200)y QGI(61,61)y QUMAX(200)s QQMAX(200)

2 U3196103)9V(3196193)021(200)92ZM(200)22ZPLOT(20) ' :
COMMON /SINGLS/ALFCONSALFSUMyALPHA AWAIST 4BETAsCyCZEROIDIDEF9DEFLY
DELTA+DIAMyONEWECHNG o F 4FACTORyFHAT¢FL9FOCUSsGAMMA ¢HX s HY ¢ MZ ¢ HZX s
HZY s IMAX 9 1Q9 JCMAX s JMAX 9 KJ 9 KKMAX ¢ KP s KQMAX 9 LPLOT ¢NALPHsNBETA9NOEL s
NFOCUS yNOPLOT 4NOUT ¢NOLPLC o NPLOT yNTAUSNXoNXY yNX1gNX2oNY4NYLoNYE,
OMEGA +P yPHE0PT yPLTCALsPONER ¢ PW oAMAX 4 QW 4REFRAC4RO4ROZERD ySUM,SUM]

sTAUSTEMP s THETAWVZERO W2 o WIDTHyWNy Zo ZETAZT 9 ZWAIST 22

B eSWN -

SHIFT ALL STORED AMPLITUDES BACK ONE LOCATION IN Z BEFORE
PROCEEDING TO NEW Z=-POINT

00 1 IaleNX

00 1 Ja=),NyY
UtTeds1)aUll9Jy2)
U(TeJe2)sU(1eJe3)
VileJel)sVileJy2)
Vilede2) = V(I4JeI)

RETURN
END
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SUBROUTINE FOLLOW

COMMON /1/ CC(31+61)9 FORML(2)s FORM2(2)y PLTGSN(200),

1 PLTRAT(20093)» PLTREL(200)y QI(6196129 QUMAX(200)s QQMAX(200),

2 U(3196193)9V(3196103)941(200)9ZM(200)92ZPLOT(20)

COMMON /SINGLS/ALFCUNsALFSUMsALPHAyAWAISTBETA9CoCZERO+DIDEF 9sDEFL
1 DELTASDIAMIONEWIECHNG s F ¢ FACTORGFHAT o FL9FOCUS ¢ GAMMA s HX o HY gy HZ ¢y HZ X
2 HZY»IMAX 9 1QyJCMAX s JMAX 9KJ 9 KKMAX o KP o KQMAX g LPLOT yNALPH o NBETA »NDEL »
3 NFOCUSINOPLOT ,NOUT yNOLPLCoNPLOT4NTAUSNX g NXY 4 NX1 4 NX2,NY,NYE4NY2,

4 OMEGAWP4PH204PI+PLTCALIYPONERPWQMAX QW yREFRACIROIROZERD s SUMySUM]
S sTAUSTEMP s THETAVZEROyW2 s WIDTHoWN9Z o ZETA9ZToZWAISTZZ

JCENMENY2

CMAx=U,

00 1 Jm1sNY

IF(QI(JoNX) oLE,CMAX) GO TO 1
CMAX=QTI (JoNX)

JCENMaY

CONTINUE

IF {UCENM(GENY2+1) GO TO 10
1F (UCENM(LE.NY2=1) GO TO 11
60 10 12

CONTINUE

DO 100 I=]sNX

DO 100 JUslyNyl
QI(I4J)=QI(IyJel)
CC '10J)aCC (19Je))

DO 100 Kmle2
UtTedsK)mU(TeJelyK)
V(IvJeK)aVIIpJeleK)

CONTINUE
GO 7O 13

CONT INUE :
Do 2 I-}.Nx -
po 200 Hslynyl '
JJzNYsley
QI(IoJN) 30T (T 9ude])
cc (3-JJ)=CS (IyJJd=1)
po 200 k=sl,
UCTodJeK)2U(TyYJelyK)
VI(TeJJeK) 2V (TeJJ=1K)

CONT INUE

G0 TO 15
CONT INUE
DEFLSDEFL*HY*WIDTH*FOCUS
OEF=DEFL/ (WIDTH#FOCUS)
GO TO 14

CONTINUE
DEFL=DEFL~HY*WIDTH®*FOCUS
DEF=PEFL/ (WIDTH#*FOCUS)
CONTINUE

PRINT 400+DEFL,2
FORMAT (# DEFLECTION=®#,gl2,5,0cM AT Z a#,F10.3,% KM#)
CALL BOYNDS (1)

CALL BOUNDS(2)

CONT INVE
RETURN

END
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SUBROUTINE INDEX (KK)

(R X2 A2 2L X2 X222 XIS 22222222 YR R222 22 Y2222 X222 Y2222 0Y Y Y YY XY

THIS ROUTINE INTEGRATES THE LOCAL INTENSITY FROM INFINITY UP

TO THE POINT X,Y ALONG THE Y (WIND) DIRECTION FOR A GAS WHICH IS
BEING HEATED AND COOLED BY THE LIGHT BEAMs AND MULTIPLIES THE
RESULT 8Y CONST TO GIVE THE INDEX CHANGE AT EACH POINT IN

THE TRANSVERSE PLANE. THE RESULTS ARE STORED IN ARRAY CC(l,J)

OO00O0OO0

CRUERBBEANBEDARBBVBDRNDRBOTRRBRB G R RN B BBR RN BRI RRRDEBRRRORBRIR BB E RO RDENS

COMMON /1/ CC(31461)s FORM1(2)9 FORM2(2)s PLTGSN(200),

1 PLTRAT(20093)s PLTREL(200)y QI(61461)s QIMAX(200)9s QQMAX(200),
2 U(319613)0VI3196193)021(200)9ZM(200)9ZPLOT(20)

COMMON /SINGLS/ALFCON)ALFSUMyALPHA JAWATISTsBETACyCZERO D ¢DEF +DEF Ly
1 DELTAWDIAMyDNEWsECHNG s F yFACTORWFHAT o FLFOCUS »GAMMA ¢ HX g HY ¢ MZ 4 HZX o
2 HZY2»IMAXsT1Q9JCMAX » JMAXIKJIKKMAX 9 KP s KQMAX s LPLOT yNALPHINBETANOEL y
3 NFOCUSoNOPLOT yNOUT s NOLPLCONPLOT ¢NTAUSNX g NXY o NXLgNX29NY ¢NYLyNY2y
[ OMEGA.p'PH OQPIQPLTCALOPOHER’PH.QMAX.QWoREFRAC,RO'ROZERO.SU"’SUMI
S oTAUSTEMPoTHETASVZERO W2 sWIDTHoWNGZsZETASZToZWAIST 922

DIMENSION A(61)4B(61)

ARGEWIDTH®FOCUS/ (TAU® (VZERO*OMEGA®ZETA®W2#WN) )
CONST=BETA®EXPF (=ALFSUM 1 /(1 e *OMEGA®WN®W2#2ZETA/VZERO)
EX=EXPF (~ARG*HY)
po 1 isléNX
CCiloy b= .
UV2=U (T 929 KK)#U(T929sKK) ¢V (1924 KK)#V (1924KK)
UVI2U (ol oKK)®U (T2 lyKK) SV (ToloKK)I®V (191l 4KK)
A(2)==CONSToHY#0,5® (UV1eyVv2) ,
B(2)2eCONSTH#DELTA®0.5%HY® (Yy2+EXPF (=ARG*HY) #v1)
Cclly2)=a(2)+8(2)
DO 1 JE3,NY :
UVJIZ (U(T9JoKK)®U(ToJeKK) eV (TsJoKK) #V (I9JeKK))
UVJL=(U(Toadm1oKK) #ULTo =1 sKK) ¢V (ToJe)sKK)#V (sl oKK))
A(J)3A(Jm1) =CONSTHHY®0 ,50 (UvJeuVvil)
B(J)=B(J=1)"EXSCONST®DELTA®O0S*HY® (UVJISUVILI*EX)
CCllod)=a{J)eB (D)

1 CONTINUE

RETURN
END
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SUBROUTINE INTENS

IGATE = ] FOR 1ST CALLy BEFORE Z ITERATIONS
IGATE = g DURING Z=ITERATIONSy TO SKIP PLOTTING
IGATE = 3 DURING Z-ITERATIONS, TO DO PLOTTING

COMMON /17 CC{31961)s FORM1(2)y FORM2(2)s PLTGSN(200),

1 PLTRAT(200+3)y PLTREL(200)y QI(61961)9 QUMAX(200)9 QQMAX(200)

2 U(3196103)9V(3196193)921(200)9ZM(200)922PLOT(20)

COMMON /SINGLS/ALFCONsALFSUMeALPHAWAWAISTsBETA9CoCZEROSDIDEFIDEFL Yy
DELTAsDIAMIDNEWSECHNGoF ¢y FACTORGFHATsFLoFOCUSsGAMMA s HXsHY g HZ 9 HZX
HZY » IMAX 9 TQo JCMAX 9 JMAX 9 KJ 9 KKMAX o KP g KQMAX o LPLOT yNALPHoNBETA9NDEL
NFOCUSoNOPLOToNOUT o NOLPLCONPLOToNTAUINXONXY s NX1oNX2oNYoNYLoNY2o
OMEGAsP9PH209PI9sPLTCALyPOWERsPWyQAMAX 9QW9REFRAC)RO9ROZERD » SUMySUM]
sTAUYTEMP o THETAIVZERO W W2 oWIDTHoWNZ o ZETA9ZT 9y ZWAIST 22

N WN -

DIMENSION AREA{9)» CONMIN(9)s SUMA(9)
DATA (IGATE=1)

GO TO (100+1) IGATE

THIS SECTION CALCULATES THE INTENSITY AT ALL MESH POINTS
IT IS DONE ONCEs AT FIRST INTENS CALL
QaMa X=0
DO 132 J=lyNY
0 lol 1=l,Nx
NzNy+ el
QLEUr IV =U NN Jo 1) ®UINNo o 1) oV INNS U9 1) *VINNS Jo ))
IF(QI(Js]) «GT, QGMAX) QMAX=QI(Js1)
00 102 p=1l,Nxl
QI(JoIeNX)=QI (JoNX=])
00 103 1=149
CONMIN(I) = (10«1)/1040
GO TO 7

CALCULATE INTENSITIES (ALL SUBSEQUENT CALLS TRANSFER HERE)
IF (KPOEQQKKMAXQORQNOPL07QEQQZ) IGATE=3

FACTOR FOR SHRINKING COORDINATE SYSTEM

F2=DNEw

D0 3 Jsl,yNY

00 2 I=1yNX

NNaNXela]

QICJa DI =(UINN9J93)PUNNIIO3) *VINNIJ93) *VINNsJ3))
DO 3 I=lyNX1

QI (I IeNX)=2QI(JyNX=1)

GO TO (747+4) 1IGATE

CALCULATE MAXIMUM INTENSITIES FOR PLOTTING
QMAX=zQCMAX=(

00 6 J=2yNYl

IF (QI(JoNX) sLEQCMAX) GO TO S

QCMAX = QI(JeNX)
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JCMAX=Y
S 00 6 [=24NX
IF(QI(JeI) oLE. QMAX) GO TO 6
QMAX=QI(Je 1)
IMAXSn]
JMaX=J
6 CONTINUE

CALCULATE THE TOTAL INTEGRATED INTENSITY

T SUM=p
DO 8 I=)»+9
8 SUMA(I) = AREA(I) = 0

CALCULATE SUM FOR ENERGY CONSERVATION TEST AND OUTPUY
TEMPést¢HY

p0 12 1=2,NXx2

00 12 Jm2,Nyl

TEMP2=POWER*QI (14J) #TEMP]

SUM=SUMe TEMP2

GO TO (9+412+9) IGATE

PROCESS DATA FOR INTENSITY PLOTS
9 TS=QI(1,J)/7QMAX
IF(TS +LTe O,1) G0 TO 12
D0 11 K=lyg
IF(TS oLTe CONMIN(K)) GO TO 11
DO 10 L=Ke9
SUMA (L) =SUMA (L) *TEMP2
10 AREA{L)=AREA(L)*+TEMP]
GO To 12
11 CONTINUE
12 CONTINUE

SKIP THIS SECTION UNLESS DOING PLOTS
GO TO (13924+14) IGATE

13 SUMl = SUM
SUMAF = F2 = ZW2WNF = 1,0
I11=l
Z1(1) = 0
60 T0 15
CONTINUE
SUMAFSEXPF (=ALFSUM )
Il=]]el
21(1I1)=Z

15 PRINT 16

16 FORMAT (1HO®CONMIN®7X®AVGINT®] | X*AREA®] 1 XSVACINT#] I X*VAREA#BX
1*RATIOT#gX#RATIO=A®)

DO 20 1=1+9

SUMA (I) = SUMA (1) %SUMAF

AREA(I)=AREA(I)#W2eF2

AVGINT=SUMA (1) /AREA(I)

VACINTZPOWER® (1 ,=CONMINI(T) )/ (PIoW2#LOGF (1,/CONMIN(I))®#D)®
EXP(=ALPHA®WNEWESZETA)
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VAREA = PI®#W2#_OGF (1s0/CONMIN(I})®D
RATIOI=AVGINT/VACINT
RATIOASAREA(]I)/VAREA

PRINT 17y CONMINCI)»AVGINTIAREA (1) 9VACINTVAREASRATIOI+RATIOA
FORMAT(1X9F6,494E16,502F13,6)

IF (l1eNEol) GO TO 18

PLTRAT(IIs1) = RATIOI

GO TO 20

IF (I NE.5) GO TO ]9

PLTRAT(II«2) = RATIOI

6O TO 20

IF (I1.NE.9) GO TO 20

PLTRAT(II+3) = RATIOI

CONTINUE

PRINT 21
FORMAT (/)

GO TO (22+24925) IGATE

CONTINUE

PRINT 23+ SUM

FORMAT (30H INITIAL INTEGRATED INTENSITYSElS.8+6H WATTS/)
GO 10 25

CONTINVE
IGATE = 2

RETURN
END
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P. ULRICH, HAYES, HANCOCK AND J. ULRICH
SUBROUTINE OUTPUT (IIsJJeKK)

Il DENOTES THE TYPE OF OUTPUT TO BE GENERATED BY THIS SUBROUTINE
1121 GIVES AMPLITUDE PRINTOUT (ARRAY UeV)
I11=2 STORES PLOTTING pATA AT ALTERNATE JJ STEPS, AND GIVES PEAK
INTENSITY, CENTRAL BEAM DEFLECTION, GSNy, AND RELI PRINTOUT
EVERY KKMAX=TH CaLL,
I11=3 GIVES DENSITY CHANGE, PHASE, AND AMPLITUDE PRINTOUT,
II1s4 GIVES NORMALIZED INTENSITY PRINTOUT AFTER =INTENSITY PLOT
JJ 1S THE MAIN PROGRAM Z-ITERATION INDEX
KK IS THE LASY ARRAY COLUMN IN AMPLITUDE PRINTOUT, UyV(IeJsKK)e
KK SHOULD =1 OR 2 FOR 1I=ly AND =3 FOR Il=3,

COMMON /1/ CC(31961)y FORM1(2)9 FORM2(2)s PLTGSN(200)

1 PLTRAT(20093), PLTREL(200)» QI(61961)s QUMAX(200)s QAMAX(200),
2 U(3196193)9V(3106193)9Z1(200)92ZM(200) ¢2PLOT(20)

COMMON /SINGLS/ALFCUNSsALFSUMyALPHAAWAIST yBETAsCoCZEROIDIDEFIDEFL
1 DELTAZDIAMyDNEWIECHNG yF9yFACTORyFHATFLOFOCUSYGAMMA ¢ HX o HY ¢HZeHZ X
2 HZY.IMAx.1O-JcMAx.JMAXoKJ.KKMAx.nP.KQMAx.LPLOTINALPH,NaETA,anL,
3 NFOCUSsNOPLOT 4NOUT yNOLPLCoNPLOT o NTAUSNXoNXYoNXLyNX2,NYNYE NY2,

4 OMEGA.P.PHZOQPI.PLTCALOPOUER’Pw'QMAXQQN.REFRAC’RO’ROZERO.SUM.SUMI
S sTAUITEMPITHETAYVZEROIW29sWIOTHIWNZeZETAsZTeZWAISTeZZ

DIMENSIONED ARRAYS

ARCT HoLDS PHASE INFORMATION
DENS ARRAY CONTAINING DENSITY CHANGES
NQI STORES A ROW OF NORMALJIZED INTENSITIES FOR PRINTQUT

DIMENSION ARCT(sl)o DENS(31+¢61) s NQI(31)
GO TO (10920030940) II

PRINT AMPLITUDES

Jl=l

CONTINUE

DO 17 N=1e2

YI-NYZOHY

DO 14 x=l,NY

YaYeHY

Aa=HX

DO 14 J®1eNX

XaXepnX

DENS (JsK) SYACAMP { X9 Y sN)

GO To (lgelg) N

CONTINUE

PRINT 1242

FORMAT (BH1y AT Z2E12,9)

PRINT FORM2s ((U(TsJoKK) s 121 9NX142) yJ=J1eNY)
PRINT xs{z

FORMAT (#1 UANALYTIC AT Z=0gl2,5)
G0 70 2000

CONTINUE
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PRINT 13¢2Z
13 FORMAT(8H1V AT ZaE12.5)
PRINT FORM29s ((V(I9JoKK) 9 T214NX192) 9JaJlsNY)
PRINT leiz
le FORMAT (#1 v ANALYTIC AT zZ=#gl2,S)
2000 CONTINUE ,
PRINT FORM2» ( (DENS (JsK) 9J219NX192) oK=]9NY)
17 CONTINUE
RETURN

c CALCULATEs PRINT AND STORE DATA FOR TERMINAL PLOTS EVERY KKMAXTH INTE

20 CONTINUE

21 If éKP.LT.KKMAX.AND.NOPLOToEQ-l) GO TO 28
KP=
DTEMP=D
DaDNEW
PRINT 23+5UMsZ

23 FORMAT (22H INTEGRATED INTENSITY=E1S5,8,12H WATTS AT zZ=£12,5,
111H KILOMETERS)
SuUM2 = ABSF ((SUM=SUM1) /SUM1)
PRINT 24, SUM2

24 FORMAT(1Xs#DELTA=E/E2%EL2,5)

c MAXIMUM INTENSITY CALCULATION

QP=QT (JMAX IMAX) =QI (UMAX ¢ IMAX+])
QM=QT { UMAX s IMAX) =QI (UMAX 9 IMAX=1)
QAMAX (1Q) =QL (UMAX 9y IMAX) 04 125% (QP=QM) #%#2/ (QP + QM)
QQMaX (1Q) sQQMAX (1Q) *PQWER®EXPF (=ALFSUM) / (W2#D)
Zmi1qQi =2
PRINT 255 QQMAX(IQ)+ZM(1Q)»IMAX9JMAXsDEFL

25 FORMAT (16H PEAK INTENSITY=E12.506H AT z=512t5/
164 IMAX=15/6H JMaX=15/17H g8eaM DEFLECTION=gl2,5/)
QP=QI (JCMAXsNX) =QI (JCMAX+ 1 aNX)
OM=QI ( JCMAX s NX) =QT (UCMAX=1yNX)
SUMAXZ JCMAX® (AM=QP) /7 (2,% (QM+QP) )
CBOE ((SUMAX=14) #HY=(NY2~1) #HY) #SQRTF (D) *WIDTH
QJIMAX (IQ)=CcRD*DEFL
QQAMAX=QI (JCMAX INX) 4041254 (QP=QM) %82/ (QP +QM)
QQAMAX=QQAMAX#®POWER®EXPF (=ALFSUM) / (W2#D)
PRINT 264QQ0MAX+Z+sCBD

26 FORMAT(25H CENTRAL PEAK INTENSITY =g12,5.6H AT Z=gl2,5/
125H CENTRAL BEAM DEFLECTION=£12,5/)

C CALCULATE GEBHARDT AND SMITH N~PARAMETER AND I=REL
ZALF=ALFSUM
GSN=BETA® (lew(le~EXPF(=ZALF))/ZALF)®ZETA/( PI®ALFCON®WN®W2)
AZSQ=W2#D

RELI=QQQMAX®PI#AZSQ/ (POWER#EXPF (=ZALF))
PLTGSN(1Q)=GSN
PLTREL (IQ) =RELI
1Q=1Qe1
PRINT 279GSNRELIZ
27 FORMAT(® N=#F10,5+% RELI=#F)10.54% AT Z=#E)2,5% KILOMETERS®)
D=0TEMP
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RETURN

CALCULATE ANO PRINT RELATIVE DENSITY CHANGES (USE KK=3)

ZZM=2
PRINT 31y 2ZM
FORMAT (#1RELATIVE DENSITY CHANGES TIMES 100 AT Za®E12,5% KILOMETER

1se)

DO 32 I=l,yNX

00 32 UmlyNY

DENS(IyJ) 2 (CCITod) 7 (3e®REFRACHYW24WN#WN) ) / (RO®,01)
PRINT FORM2, ((DENS(ToJ) sI=1eNX192)yJ22sNY1)

CALCULATE AND PRINT PHASES

PRINT 3442

FORMAT (13H1PHASES AT 22€12,5s11H KILOMETERS)
00 37 Js2sNY)

DO 3¢ I-lsleoZ

IF(UGT0J93) oEQe00eANDeVIIoJs3) egQe0,) GO TO 35
ARCT(I)=ATAN2(v(I9Je3) sU(IsJs3))

GO TO 36

ARCT(I) =0

CONTINUE

PRINT FORM2s (ARCT(I) sI314NX1+2)

CONTINUE

PRINT AMPLITUDES AND RETURN
J1=1
60 To 11

NORMALIZE ALL INTENSITIES TO MAX ON A SCALE OF 0 TO 10+ AND PRINT

PRINT 6142
FORMAT (16H1INTENSITY AT Z= EL2,5)

PRINT &2
FORMAT (12H Xz«509Y2=509 90X+9HX=0sYa=59 /)

DO 44 Js1sNY
DO 43 Is1yNX

NQI(I) = XFIXF(10.%QI(Js1)/QMAX)
PRINT FORMly (NQI(I)oI=1,NX)

PRINT 45
FORMAT (12H X3=509Y3¢50¢ 90Xs9HX=0,Y=450 /)

IF (NOUT,EQ.1) PRINT 4692

FORMAT (38H ENERGY CHANGES T0O0 LARGEs ABORT AT Zz E12,543H4 KM //)

RETURN
END

38
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SUBROUTINE GRAPHI

GRAPH1 PLOTS EQUI-INTENSITY CONTOURS AND BEAM PROFILE DURING ZLOOP

COMMON /1/ CC(31961)s FORMI(2)s FORM2(2)s PLTGSN(200)s

1 PLTRAT(20093)y PLTREL(200)y QI(61461)y QUMAX(200)s QQMAX(200)

2 U(3196193)9VI(3196193)19Z1(200)9ZM(200)+2PLOT(20)

COMMON /SINGLS/ALFCON'ALFSUM'ALPHA'A“AISt’BETA’CQCZEROOD'DEF'DEFL'
DELTAsDIAMoDNEW)ECHNGoF o FACTORyFHAT ¢FL9FOCUS 9 GAMMASHX o HY yMZ o HZX o
HZY o IMAX 9 IQ9o JCMAX 9 UJMAX s KJ 9 KKMAX 9 KP 9 KQMAX o LPLOT ¢ NALPHoNBETA 9NDEL o
NFOCUS ¢ NOPLOT 4 NOUT ¢ NOLPLCyNPLOT 9y NTAUsNX9NXY 9 NX19NX29NY s NY19oNY2»
OMEGAyPoPHZO’PIOPLTCALOPQNERQPWQQMAXOQNDREFRAC'RO’ROZERO.SUM,SUMI
s TAU» TEMP o THETAWVZERO s W2 9y WIDTHoWN9Z 9 ZETA9ZT 9y ZWAIST 22

VI WN -

DIMENSION IMAGE(61961)»QQ(61)9XQ(61)
PLOT EQUI=INTENSITY CONTOURS IN XoY SPACE

FF=FOCUS

IF (NFOCUS+EQel) FF=]
XINzQ o 0#FF

YINs8, 0eFF

YMINz« (NX=]1) *HX*WIDTH*FUCUS/FF

XMINsYMINeDEFL

HIYEH1X=ABSF(YMIN) /G,

DD=UNEW

CALL TOPOGRAF (01961961 sNX29NY91e90s109XINgYINyIMAGE s XMINyHEX

1 4HF9e192HX 9=2¢YMINJHLIY94HF9e193H Y 9397 oPLTCALINXY,LPLOY,POWER,
2 FLoDDyWIDTHyOMEGAyPH209¢ VZEROFF)

NXY=NXY+1
PLTCALL =0.0

IF(LPLOT +EQs 0) GO TO 3 _
GET PROFILE ALONG WIND THROUGH CENTER OF BEAM AND PLOT

00 2 Jz1sNY
QQ{J)=QI (JeNX) *POWER®EXPF (=ALFSUM) / (W2%D)
XQUJ) = (J=NY2) 24,00 FF /(NY2n1)44,0

CALL SCALE(QQsNYe6e0 sYMINyODYs1ls TKY)

XMINz= (NY2=1) #HY*WIDTH*FOCUS/FF +DEFL

DX=ABSF (XMIN=DEFL) /5.

TKX=°.8 ’

CALL LINE(XQsQQeNY?l9=190.03590)

CALL AXIS(040y19HDISTANCE ALONG WIND9=199840 90,0, TKX,
1XMINyDXy4HF9,1)

CALL AXIS(0+0924HINTENSITY AT BEAM CENTER92446,0 990,09 TKY
19 YMINSDY94HFO9,.1)

CALL PLOT(12e409+3)

IF (NOUT,EQel) PRINT 492

4 FORMAT (38H ENERGY CHANGES TOO LARGEs ABORT AT zs E12,593H KM//)

INCREMENT ZPLOT INDEX
KJ=KJ*1

RETURN
END
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SUBROUTINE GRAPH2
GRAPH2 DOES FINAL PLOTTING AFTER Z-ITERATIONS ARE COMPLETED

COMMON /17 CC{(31s61)s FORMI(2)y FORM2(2)s PLTGSN(200),

1 PLTRAT(20093)y PLTREL(200)s QI(61461)0 QUMAX(200)s QQMAX (200},

2 U(3196193)9V(3196193)9Z1(200)9ZM(200)9ZPLOT(20)

COMMON /SINGLS/ALFCONYALFSUMyALPHA9AWAIST¢BETAsCsCZEROIDsDEF +DEFL
1 DELTA¢DIAMyDNEWsECHNGF ¢FACTORsFHAToFL9FOCUSsGAMMAYHX o HY ¢ MZ 9 HZ Xy
2 HZY o IMAX s 1QyJCMAX y UMAX 9 KJ 9 KKMAX g KP o KAMAX s LPLOT ¢NALPHoNBETA9NDELy
3 NFOCUSyNOPLOT o NOUTyNOLPLCoNPLOTyNTAUSNXoNXY sNX] oNX29NY9NY]9oNY2y
4 OMEGAPsPH204PIsPLTCALSIPONERIPWoQMAX9QWyREFRAC4ROJROZERD ¢ SUMySUM)

5 sTAUSTEMPyTHETAIVZEROsW2oWIDTHIWNZsZETA2ZTZWAIST 922
INTEGER XFORM,YFORM
PLOT MAXIMUM INTENSITY VS RANGE

1Q0=1Q=1

QQMAX (1Q)=20,0

CALL SCALE(QQMAXsIQ o Te0sYMINyDY,1,TKY)

CALL SCALE(ZMsIQ 910400XMINsDXsloTKX)

XFORM=IFORMAT (XMINsDX9l0Qe 9 TKX)

YFORMIFORMAT (YMINgDYs7,9TKY)

CALL LINE(ZMyQQMAX»IQQele=14403550)

CALL AXIS(0s0y24HDISTANCE FROM LASER FACEs=245100000¢00TKXs
1 XMINsDX 9 XFORM)

CALL AXIS(0s0917HMAXIMUM INTENSITY o179 700090409 TKYoYMINGDY,y
1 YFORM)

CALL PLOT(12,40,4=3)

PLOT DEFLECTION OF .MAX INTENSITY POINT VS RANGE
SKIP THIS PLOT IF BEAM STAYS AT ORIGIN

IF (BETAJEQ.0,0) GO TO 2
CALL SCALE(QUMAXsIQs Te0,YMINeDY1,TKY)

YFORM2TFORMAT (YMINesDYs7,9TKY)

CALL LINE(ZMsQUMAX»1QQs1,<1y,035,0)

CALL AXIS(090+24HDISTANCE FROM LASER FACEs=24+10.000409TKXs
1 XMINsDXsXFORM)

CALL AXIS{(0404)15HBEAM DEFLECTION15y 74099009 TKY,YMINGDY,YFORM)

CALL PLOT(12+009=3)
CONTINUE

PLOT RATIO OF INTENSITY TO VAC,INT,=«VS RANGE

CALL SCALE(ZI»I1Q0Qe10e9XMINeDXs1lsTKX)

CALL SCALE(PLTRAT(]1)4400*IQy7°0,YMIN,DY,1,TKY)
XFORM=IFORMAT (XMINsDXylgesTKX)

YFORM=TFORMAT (YMINeDY 749 TKY)

CALL LINE(ZTI+PLTRAT(1)91QQ91+09.0801)

CALL LINE(ZI4PLTRAT(201)+10Ge1954+008s1)

CALL LINE(ZIWPLTRAT(401)+IQQe104000891) )

CALL AXIS(090924HDISTANCE FROM LASER FACEs<«26910e000409TKXs
1 XMINsDX o XFORM)
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CALL AXIS(09s0+38HRATIO OF INTENSITY TO VACUUM INTENSITY,3897409
190609 TKYs YMINGDY9YFORM) -

CALL SYMBOL(7¢006¢59040850009=1)

CALL SYMBOL (7,2596¢447590,10503H0499043)

CALL SYMBOL (7,00602¢040845¢04=1)

CALL SyMBOL (7,2506,147590410593H0¢59093)

CALL SYMBOL(74005¢990,0894900~1)

CALL SYMBOL (7259508475000105¢3H0019093)

CALL PLOT(124909~3)

PLOT RELATIVE INTENSITY VS GEBHARDT AND SMITH N~PARAMETER
8UT ONLY .IF THIS IS A NON VACUUM RUN '

IF(BETALEQe0,0) GO TO 100

JIQQ=IQ~]

PLTREL(1Q)=0,0

CALL SCALE(PLTGSNsIQ 910409 XMINyDXs1yTKX)

CALL SCALE(PLYREL¢IQ o TeO0sYMINsDY91oTKY)

XFORMEBIFORMAT (XMINoDX9100e 0 TKX)

YFORMEIFORMAT (YMIN9DY 9740 TKY)

CALL LINE(PLTGSNyPLTRELYIQQe19=19403590)

CALL AXIS(090s)1HN=PARAMETERy=11410009040¢ TKXsXMIN9DX ¢ XFORM)
CALL AXIS(0s0¢18HRELATIVE INTENSITYs189 740090409 TKY9YMINSDY,
1 YFORM)

CALL PLOT(124900~3)

CONTINUE
CALL STOPPLOT

RETURN
END
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FUNCTION IFORMAT (YMINyDYJHEIGHT,TICK)
SELECT APPROPRIATE FORMAT FOR THIS DATA

ENDTICK=YMIN«DY#INTF (HEIGHT/TICK)
BIGxMAX1F (ABS (YMIN) ¢ ABS(ENDTICK))
SMALL=DY

CALL NORMAL (SMALLIEXP)

CALL NORMAL (BIGyNEXP)

IF (IEXP,LT.=3) GO 10 14

IF (NEXP,GE.%) GO TO le

IF (IEXP) 12,11,11

NO DECIMAL
ILDEC=Q
IRANGE=2 ¢NEXP
G0 To 13

WITH DECIMAL

IDEC=~1EXP

IRANGE=IDEC+3

IF (NEXPeGEe0) IJRANGE=IRANGE+NEXP

CONSTRUCT FORMAT

IDEC=1DECH#B##8
IRANGE=TRANGE®g#®1l2
1FORMAT=4HF0,0,0R, IDEC,0OR, IRANGE
RETURN

IFORMAT=4HES .

RETURN

END
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SUBROUTINE TOPOGRAF (ToNXDeNYDsNXoNYsF1oDELF oNCoXINCHESsYINCHES
1IMAGE s XMINoDX 9 XFORMAT 9 XLABEL ¢ NCX 9 YMINDY s YFORMAT 4 YLABEL ¢NCY 9 Z4PP,
2NXYoLPLOT ¢POWERyFLoDLIWIDTHsOMEGA9PH209VZEROFF)

TOPOGRAF DRAWS A TOPOGRAPHICAL PLOT OF THE VALUES IN AN NX BY NY ARRAY, Fs
DIMENSIONED F(NXDsNYX)y USING SUBROUTINE CONTOUR,

CONTOURS WILL BE DRAWN FOR NC VALUES OF Fo AT FlyFl=DELFreeesFl=(Nol)DELF
ORe IF DELF=0s THE ROUTINE WILL CALCULATE THE MAXIMUM ANp MINIMUM yALUES
OF F AND DRAW NC CONTOURS BETWEEN THEM,

XINCHES = GRAPH LENGTH IN INCHESy YINCHES = GRAPH HEIGHT IN INCHES,

IMAGE = NX#NY STORAGE LOCATIONS FOR USE BY CONTOUR.

XMIN = 1ST X=VALUEs DX 3 X=VALUE INCREMENT. XFORMAT = FORMAT FOR XeVALUES.
XLABEL = NCX HOLLERITH CHARACTERS TO LABEL THE X=aAXIS,

YMINs DYs YFORMAT» YLABELs NCY PROVIDE CORRESPONNDING VALUES FOR YeAXIS.

DIMENSION T(NXDyNYD)
DIMENSION XOFF (6)s YOFF ()

FOCUS=SQRTF (DL)

XOFF (1)3XOFF (4) 22,5

XOFF (2)sXOFF (S)=9,0

XOFF (3)=sXOFF (6)=15,5

YOFF (1) =YOFF (2) =YOFF (3)%3,0
YOFF (4)aYOFF (5) =YQOFF (6) s=2,0
XI=g,0

YI=8,0

DXT=0X

DYT=DY

IF (DELFJNE.O) GO TO 6

ODETERMINE HIGHEST VALUE IN ARRAY FOR 1ST CONTOURy AND DECREMENTDF
To GIVE DESIRED NUMBER OF CONTOURS BETWEEN HIGHEST AND LOWEST
VALUESs WHEN DELF IS NOT GIVEN

FMIN = FMAX = T(1s1)
DO 5 I:}.Nx

DO S Jz=leNY

IF (T(1oJ) = FMIN) 2,5,3
FMIN = T(IeJ)

G0 T0o 5

IF (T(19J) = FMAX) 59544
FMAX = T(1o0)

CONTINUE

DF = (FMAX = FMIN)/NC
FLEVEL = FMAX
GO 70 7

FLEVEL = F]
DF = OELF

DRAW NC CONTOURSy BEGINNING wITH THE FLEVEL VALUE

DO 1 I=1eNC
CALL CONTOUR. (ToNXDsNYDINXyNYsFLEVEL 9y XINCHES» YINCHES s IMAGE oNXY s
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1LPLOT)
.FLEVEL = FLEVEL = DF

IF (LPLOT.EQel) GO TO 600
X1=23.5¢X0OFF (NXY)
X2=X1%0.3

X3=X1¢1.0

Y1=2,0¢YOFF (NXY)
Ya2=Y3=v]

GO TO 601

Xi=1,0

X2=1,3

X3=22,0

- Y13Y2=2Y339,0

CALL AXIS(O040oYLABELINCY Y1 99009e89YMINgDYToYFORMAT)
CALL AXIS(090sXLABELINCXyXI90e09se83XMINsDXT9XFORMAT)
CONTINUE

IF (LPLOT.EQ.0Q) GO TO 603

GO TO 02

CONTINUE

YSz4,5+YOFF (NXY)

XS24 ,5¢XOFF (NXY)

CALL SYMBOL(XSyYS107043,0,0,4<1)

CONTINUE

Call SyMBOL( X1+ Y19,10592HZ=10.0¢2)

CALL NUMBER( X229 Y2901054Z90¢09aHFTe4)
CALL SYMBOL( X3 Y35¢10592HKM»04092)

IF (PPsEQs0,0) GO TO 20

CALL SYMBOL(1:e0,8¢7550105,6HPOWER=,0,0,6)
CALL NUMBER(1¢B98¢75901059POWERs0s09SHF10e1)
CALL SYMBOL (3¢058¢75+¢10595HWATTS104045)
CALL SYMBOL (1.0¢8¢509410592HF=90,042)
IF(FLeGTs140E+050) GO TO 110

CALL NUMBER(1¢398459¢1059FL0e0e0s4HFT,3)
CALL SYMBOL(2,0+8e509¢10592HKM90,042)

G0 10 210

CALL SYMBOL(143+B45090105¢8HINFINITY,0:008)
CONTINUE

CONTINUE

CALL SYMBOL(14098¢09¢10596HWIDTHE04096)
CALL NUMBER(1,8¢9B,090105,WIDTHe0,094HF7.3)
CALL SYMBOL (2,898,00410542HCM90,092)
IF(PPEQe2.0) GO TO 22

CALL SYMBOL(l.0o7.5v.105o6H0MEGA=oOx006)
CALL NUMBER(1,847,5,,105,0MEGA9»0,0+%HF743)
calL SY"BOL(2.8'7.5volOSo?HRAD/SEC90.007)
CALL SYMBOL (14097259 010595HPH202904045)
CALL NUMBER( 7.7.25..105.Pnzo.o 0s4HFT,3)
CALL SYMBOL (2,5,7425941059y4HTORR,0,0¢%)
caklL vMaoL(1.0.7.0..105.6Hvzsno-.o 0+6)
CALL NUMBER(14797¢04105+VZERO?0¢0s4HF943)
CALL SYMBOL (2489740941059 6HCM/SEC040¢6)
G0 To 20

CALL SYMBOL (1609745901054 10HVACUUM RUNs0Oe0910)
CONT INVE

1IF (LPLOT+EGel) GO TO 700

IF(NXY,EQs6) GO TO 400

XNEws0,

CALL PLOT (XNEWs09=3)

GO To 401

CALL PLortzs.o.oo-s)

GO TO .4

co~11~ue

P1s=4.0%FF *4e0

Pemeb 00fF *h,0

CALL SYMBOL(P1,P1,4,070,3,0,0,<1)

CALL SYMBOL (P14P2,,0704340,0y=1)

CALL SyMBOL(P24P24¢0709390,00=1)

CALL SYMBOL(P24P19e070934000,~1)

CALL PLOT(1240909=3) 44

CONTINUE

RETURN

END
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SUBROUTINE CONTOUR (TQNXD'NVDONXvNYoFLEVEL.XINCHES’YINCHESOIMAGEo
INXYsLPLOT)

DIMENSTON T(NXDyNYD)s IMAGE (NXDyNYD)
DIMENSION XOFF (100)9YOFF (100)
EQUIVALENCE (CX0s ICXO)s (CYOsICYO)y (CXsICX)o(CYsICY)

CONTOUR DOES INVERSE DOUBLE INTERPOLATION ON A 2«DIMENSIONAL ARRAY, F{X,Y)
WHEN CALLED wITH A GIVEN FLEVEL VALUEs» IT RETURNS AFTER HAVING PLOYTED

A SET OF CONTOUR LINESy WHERE F = FLEVELs ON A GRAPH XINCHES LONG,

AND YINCHES HIGH.

NXD AND NYD SPECIFY THE SIZE OF ARRAY T GIVEN IN THE DIMENSION
STATEMENTs WHILE NX AND NY DEFINE THE AMOUNT OF ARRAY T ACTVUALLY
USED.

o000 0000

XOFF (1) =XOFF (4) =245
XOFF (2) =X0OFF (5) =940
XOFF (3)2X0FF () =15.5
YOFF (1) =YOFF (2) =YOFF (3) 33,0
YOFF (4)=YOFF (5)=YOFF () =g, 0
JupP=n
XFACTOR = XINCHES/ (NX=1)
YFACTOR = YINCHES/ (NY=])
IF(LPLOTWNE«1) GO TO 400
XOFF (NXY)=YOFF (NXY) =0

400  CONTINUE
XSHIFT=XOFF (NXY) ¢4+ 0=XINCHES/2¢0
YSHIFTEYOFF (NXY) ¢4 40=YINCHES/240

c LOAD IMAGE ARRAY

DO 2 lY=1lsNY

DO 2 IX=1sNX

IF (T(IXs1Y)eGEFLEVEL) GO TO 1
IMAGE (IXs1Y) = =1

GO To 2

IMAGE(IXs1Y) = )

CONTINUE

C SCAN IMAGE FOR THE 1ST POINT OF A REGION

N o=

IYSTART = )
3 00 & IY=IYSTARTeNY

D0 4 IX=)]oNX

IF (IMAGE(IXsIY)4EQel) GO TO S
4 cONTINUE

RETURN

c LIFY PEN AND BRING TO STARTING POINTs AND SKIRT THE REGION FOUND,

5 IYSTARY = 1Y
IF (IY.EQ.1) GO 7O 6
IF (IMAGE (IXeIv~=1)+EQep) GO TO 8
CY0 = (IY=lo(T(IXsIY)=FLEVEL)}/Z(T(IXeIY)=T(IXsIYal)))®*YFACTOR
GO 70 7
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cYo = 0

cXo = (I1X=1)eXFACTOR
CXOmCXQeXSHIFT
CYORCYOSYSHIFT

CALL PLOT (CX0,CY043)
INOUT = 2

G0 To 20

START AN INNER BOUNDARY

INOUT = ]

CX0 = (IX=2)#XFACTOR
CYOB(Iym2e(T(IXx=lpI¥=1)=FLEVEL) /(T (IX=1yIYal)=T(IX=141Y)))®YFACTOR
CXO=CXO0eXSHIFT

CYO=CYQeYSHIFT

CALL PLOT (CX09CY003)

60 T0 29

SKIRT DIRECTION IS ALWAYS COUNTER=CLOCKWISE FOR AN EXTERNAL BOUNDARY,
AND CLOCKWISE FOR AN INTERNAL BOUNDARY (IEy THE INSIDE OF YHE REGIQN
IS ALWAYS TO THE LEFT OF THE SKIRT DIRECTION,

POSITIVE X-CROSSING

CX = (IX=1)#XFACTOR

IF (IYLEQ.NY) GO TO 11

CY 3 (IY=1le(T(IXpIY)=FLEVEL)/Z(T(IXelY) « T(IXelY®1)))®YFACYOR
G0 10 12

CY = (NY=]1)#YFACTOR

CONTINUE

CY=CY*YSHIFT

CX=CX¢XSHIFT

CALL PLOT(CXsCY,y2)

IF (CXeNEJCXQ) GO TO 16
YGAP = ABSF(CY = CYO0)
IF (YGAPeLT+s001) GO TO 3

IF (IX,EQeNX) GO TO 40

IF (T(IXelslY) = FLEVEL) 40413913
IF (IYLEQeNY) GO TO 14

IF (T(IX®lelYel) » FLEVEL) 14915415
IX = IXe)

GO 70 10

IX = IXe)

1Y = JYe)

GO0 TO 20

POSITIVE Y-CROSSING

IF (IX.EQel) GO TO 21
CCX B (IXT1I™(T(IXeIY) ™ FLEVEL)/Z(TCIXs1IY) = TUIX"14y1Y)))#XFACTOR

60 To 22

Cx = ¢

CY = (IY=1)#*YFACTOR
CYsCY+YSHIFT
CXSCX*XSHIFT
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CALL PLOT(CXsCYe2)

Do
IF

26 I=IXy¢NX
(IMAGE(I+1Y).LTsl) GO TO 28

IMAGE(Is1Y) = ¢

IF
IF
IF
IF
1y
GO
IX
1y
GO

(IY.EQ.NY) GO TO 10

{T(IXeIY+1) = FLEVEL) 10423923
(IX.EQel) GO TO 24

(T(IX=1s1Yel) = FLEVEL) 24925425
= JY ¢+ 1

T0 20

2 [Xwl

= JYe]

To 30

NEGATIVE X~CROSSING

CX
IF
cy
GO
cy

s (IX=1)*XFACTOR

(IYeEQel) GO TO 31

= (g;'l'(T(IXoIY) = FLEVEL)/(T(IXeIY) = T(IXeIY=1)))®*YFACTOR
To

=20

CONTINUE
CX=CX*XSHIFT
CYSCY+YSHIFY

CALL PLOT(CXeCys2)

IF (CX.NE.CX0) GO TO 33

IF (CY.EQ.CYO0) GO TO 3

IF (IX+EQs1) GO TO 20

IF (T(IX=1s1Y) = FLEVEL) 204364934
IF (IY.EQsl) GO TO 35

IF (T(IX=191Y=]1) = FLEVEL) 359364936
IXS[X=1

GO TO 30

IXsIx~]

1va1y=]

GO TO 40

NEGATIVE Y=CROSSING

= (1vy-1)*YFACTOR

cY
IF (IX.EQeNX) GO TO 41

CX = (IX«le(T(IXoIY) = FLEVEL)/(T(IXeIY) = T(IX#1+IY)))#XFACTOR
GO TOo 42

CX = (NXw])#XFACTOR

CONTINUE

CX=CXeXSHIFT

CYSCY®YSHIFT

CALL PLOTI(CXsCY92)

IF (IYJLEQel) GO TO 30

IF (T(IXylY=1) = FLEVEL) 30443943

IF (IX.EQNX) GO TO 44

IF (T(IXelyIY=l) = FLEVEL) 64945,45

1Y = lve)]

GO TO &0

IX = Ixe)

1Y = fve)

60 TO 10

END
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SUBROUTINE SCALE (YoNsHEIGHT9YMIN'DY Ko TICK)

TIKSCALE WILL CONVERT THE N VALUES IN ARRAY Y (OF DIMENSION N#K),
TO INCHESy WHERE HEIGHT IS THE MAXIMUM NUMBER OF INCHES,
YMINGDYoTICKy AND IFORMAT ARE PROVIDED BY TIKSCALE FOR USE BY AXIS

YMIN =2 THE DATA VALUE AT 0 INCHES,

Dy = THE DATA INCREMENT / TICKs AND

TICK = DISTANCE BETWEEN TICKS (INCHES) .

IFORMAT = A FORMAT FOR AXIS LABELING TO FIT THE DATA SCALED
TIKZERO INCLUDES ZERO AMONG THE VALUES TO BE SCALED BY TIKSCALE.

DIMENSTION Y (N)
YMIN = YMAX = Y(])
Go To 1

ENTRY TIKZERO
YMIN = YMAX = 0

M = N®K

D0 5 IalsMrK

IF (Y(1) = YMIN) 29593
YMIN = Y({I)

GO Y0 5

IF (YMAX = Y(I)) 4955
YMAX = Y{(1)

CONTINUE

IF (YMAX » YMIN) 69697

SCALE A CONSTANT ARRAY BETWEEN 0 AND 1 INCH
DY = TICK = 140

IF (YMIN,EGe0s) GO TO 10

YMIN = 0

DYINCH = DY = ROUNDEXP{YMAX)®10,/HEIGHT
call GETTICK (pDYsTICK}

GO TO 8

TRUNCATE YMIN TO NEAREST ROUND NUMBER

YMIN = ROUNDOWN(YMIN)

DYINCH = DY = (ROUNDUP(YMAX) = YMIN)/HEIGHT
Ccall GETTICK(DYsTICK)

X & YMIN/DY

XT =1 = X

IF (XsEQeXT) GO TO 8

YMIN s REDUCE (YMIN)

G0 TO v

SCALE ARRAY WITH YMIN AND DY

00 9 I=lsMeK
Y(I} = (Y(I) = YMIN)/DYINCH

CALL NORMAL (SMALLsIEXP)
CALL NORMAL (BIGyNEXP)

ENDTICK=YMIN+DY®INTF (HEIGHT /T ICK) }; :gg::'g;';3’62°tg°li‘
L ] L]

BIG=MAX1F (ABS(YMIN) yABS{ENDTICK) )
SMALL=DY IF (IEXP) 12,11,11

SELECT APPROPRIATE FORMAT FOR THIS DATA

c NO DECIMAL
11 IDEC=0
IRANGE®2*NEXP
GO0 70 13

c WITH DECIMAL
12 IDEC==1EXP
IRANGE=IDEC*3
IF (NEXP4GE+0) IRANGE=IRANGE+NEXP

¢ CONSTRUCT FORMAT
13 IDEC=IDEC#geeg
48 IRANGE=IRANGE®#g##l2

IFORMAT=4HFO0,0 OR, IDEC.ORs IRANGE
RETURN

14 IFORMAT=4HEB,]
RETURN
END
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SUBROUTINE GETTICK (DY, TICK)

GETTICK TAKES ANY GIVEN NUMBER OF UNITS PER INCHs DY» FROM SCALE AND
GIVES BACK TWO NEW VALUESy DY AND TICKs FOR USE IN AXISs WHERE THE. NEV
DY = THE NUMBER OF UNITS PER TICKs AND TICK IS BETWEEN «8 AND 2 INgHE!
THE NEW DY = 1,2+0R § TIMES SOME POWER OF 10,

D = ABSF (DY)

CALL NORMAL (D¢IEXP)
IF (D=5.0) 2,1,4
TICK = 1,0

RETURN

IF (D=245) 393,5
IF (D=1.0) Telye

DY = 10.#104%*IEXP
TICK = 10./D
RETURN

DY L 5.’10-"IEXP
TICK 3 5,0/D
RETURN

DY = 2.'10.**1EXP
TICK = 2,0/D
RETURN

PRINT 100s DY

FORMAT (/30H w#a&##ERROR IN GETTICK == DY = E10,3/)
RETURN

END
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FUNCTION ROUND (X)

FUNCTION ROUND GIVES THE ROUNDED VALUE OF ANY « OR = REAL NUMBER,
THE RESULT IS AN INTEGER TIMES SOME POWER OF TEN,.

EXAMPLES OF THE THREE ROUND FUNCTIONS

X ROUND (X) ROUNDUP ROUNDOWN
900000000 000000009 09009000 Cosev0eoe
534.0 5000 6000 5000
06666 07 07 046
=15 =240 =10 =20
=+0333 -e03 ~,03 =04

ARG = X

CALL NORMAL (ARGoIEXP)
IF (ARG) 3,21

TARG = INTF(ARG*.5)

GO TO &

TARG = INTF (ARG=~«5)
ROUND = TARG#10,4#1EXP
RETURN

ROUNDOWN GIVES THE NEXT LOWEST ROUND NUMBER

ENTRY ROUNDOWN

ARG = X

CALL NORMAL (ARG, IEXP)

TARG = INTF (ARG)

IF (TARG,GT+ARG) TARG = TARG = 1,0
ROUND = TARG#10,##]EXP

RETURN

ROUNDUP GIVES THE NEXT HIGHEST ROUND NUMBER

ENTRY ROUNDUP

ARG = X

CaLL NORMAL (ARG, IEXP)

TARG = INTF (ARG)

IF (TARG.LT«ARG) TARG3TARG+1l,0
ROUND = TARG®#10,%#IEXP

RETURN

ROUNDEXP (X) GIVES THE SCALE FACTOR FOR A GIVEN Xy WHEN REDUCED TO YHE
NORMALIZED FORMy BETWEEN 14000 AND 9,999 TIMES THE SCALE FACTOR.
WHEN Xe09 ROUNDEXP GIVES THE SCALE FACTOR FOR THE PREVIOUSLY ROUNDED

ENTRY ROUNDEXP

IF (XeEQe0) GO TO S

ARG = X

CALL NORMAL (ARG,IEXP)

GO TO 6

IF (ABSF(TARG) (EQe10s) IEXP = IEXPel
ROUND = 10,%#1gxp

RETURN

END

FUNCTION REDUCE (X)

REDUCE TAKES A NUMBER X = A®10@#EXPy WHERE 1,LE,A,LT,109
AND REDUCES IT BY 1%10%*EXP, REDUCE(X) = (A=])#)0#%EXP
SIMILARLYs AUGMENT(X) = (Ael)®lownapxp

ARG = X

CALL NORMAL (ARG, IEXP)
REDUCE = (ARG=1,)%10,**IEXP
RETURN

ENTRY AUGMENT
ARG = X

CALL NORMAL (ARGsIEXP)

REDUCE = (ARG+1,)#l0,%*1gxP 50
RETURN

END
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SUBROUTINE NORMAL (ARG, IEXP)

NORMAL TAKES ANY NUMBERs ARGy AND NORMALIZES IT, lE, CONVERTS IT
T0o THE FORMy ARG#1(®®IEXPy WHERE 1oLEeARGeLTe1l0s

SIGN = 1,0

IEXP = 0

IF (ARG) 64591

SIGN = =1,0

ARG = =ARG

IF (ARG = 10,0) 24644
IF (ARG = 1,00 3,5,5%
ARG = ARG#10,0

1EXP = 1EXP = 1

G0 T0 1

ARG = ARG/10.0

1IEXP 3 TEXP ¢ 1

GO TO 1

ARG = SIGN®ARG
RETURN

END
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