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RETINAL THERMAL MODEL OF LASER—INDUCED EYE DAMAGE :
COMPUTER PROGRAM OPERATOR ’S MANUAL

• INTRODUCTION

The Retina l Thermal Model is a mathematical model that predicts the
thermal eye damage resulting from an exposure to laser radiation. This
program, developed by the Illinois Institute of Technology Research
Institute, is a result of many years of improvements in thermal damage
modeling techniques. The mathematical basis for temperature predictions
computed in the model is the standard heat—conduction equation In cylin-
drical coordinates

~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~.[Kfi~J
where C specific heat

P density

q rate of heat deposition from the laser

K thermal conductivity

r = radial distance

z = axial distance

t=t lme

v = temperature rise above the initial temperature

The heat-conduction equation is approximated by finite differences
and then solved wi th an explicit—implicit alternating—direction technique
developed by D. W. Peaceman and H. H. Rachford (1). ThIs technique solves
the finite-difference equations explicitly in z and Implicitl y in r for
odd time steps , and implicitly in z and explicitly in r for even time steps .
In explicit calculations , existi ng temperatures are used to represent then-
mal gradients ; in implicit calculations, future temperatures are used.
This approach results in a set of equations that are solved using ordinary
matrix algebra. Larger time Intervals can be used wi th this technique
than with standard explicit finite—di fference methods. The model uses the

* 
predicted temperature rises to determine irreversible tissue damage by
applying Henrique’s damage cri teria

~l(z,r,t) Ciexp[C2/Ta (z ,r,t)]At

p.- 1. Peaceman, D. W ,, and H. H. Rachford, Jr. The numerical solution
of parabolic and elliptic differential equations . J Soc Indust
Appl Math 3:28-41 (1955).

~~~
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where AL~(z ,r,t) = incremental damage at point z, r

C1 and C2 • rate constants

Ta(z ,r,t) = absolute temperature

At increment of time.

Irrevers ib le tissue damage is defined as occurri ng whenever the inte-
gral of &~ over all time Is greater than or equal to 1. Fron~ this mathe-matical basis, the model has the capability of predicting temperature
ri ses , damage thresholds, and the extent of damage for specified sets of
spatial coordinates wi thin the ocular media. The model also has the
capability to predict the retinal Intensity distribution from the inten-
sity distribution at the cornea. This optical soread capability has its
basis in scalar diffraction theory, using the Fresnel approximation and
addi ng terms to account for defocusing and ocular aberrations .

The Retina l Thermal Model has been divided Into two programs, RE1
and RE2. Both programs perform the same tasks wi th one exception-—RE1
contains the subroutine MXGRAN, which models the melanin granules , while
RE2 does not contain MXGRAN.

Designed for maximum flexibility, the model offers wide variability
in both input and output. It accomodates variations in laser radiation
characteristics and in optical , thermal, and physiological properties of
the eye. The model ’s design enables the user to specify his region of
interest wi thin the retinal layers and to print out only those portions
of the output information which he desires .

The purpose of this manual is to give the user a basic understand-
ing of the model ’s capabilities and how to use it within the limi ts of
those capabilities . A meaningful description of a model of this type and
flexibility, how€ver , cannot be written wi thout some complexity; and an
individual will usually need some study and practical experience before
feeling comfortable with the model . Additional information on the code
can be obtained from the IITRI Technical Report, “Thermal Model of
Laser-Induced Eye Damage” (2).

This manual briefly describes (1) the capabilities and limitations
of the model as they pertain to the source, the eye, the mechanics of
the program, and the output desired; (2) the basic input required, list-
ing the required cards, their order, and appropriate formats; and (3)
the printed output, Including its format and the options available to
the user. Appendix A is a glossary of all parameters that are either
input or output, plus some parameters used internally in the program.

2. Takata , A. N., et al. Thermal model of laser— induced eye damage.
Final Technical Report, lIT Research Institute Contract

j. F41609-74-C-0005, 8 Oct 1974, USAF School of Aerospace Medi-
c ine, Brooks AFB, Tex. AD A017201.
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Appendix B briefly describes the PLOT routine that can be used with the
retinal model to obtain two- and three-dimensional plots of the pre—
dicted temperature rises . Appendix C covers the steps necessary to run
the program on the IBM 360/65 computer at the San Antonio Data Service
Center (SADSC), a computer facility available through a remote job—entry
terminal located in the Biometrics Division, USAF School of Aerospace
Medicine (USAFSAM), Brooks AFB, Tex. A description is included of the
job-control language cards required to enter the program on the com-
puter. Appendix D is a listing of the RE1 and RE2 programs and PLOT.

This manual Is des igned as a user ’s reference for the IITRI retinal
model as it existed in November 1975. This version differs mainly in
output format from the version described in the IITRI Technical Report,

CAPABILITIES AND LIMITATIONS

The user Is responsible for adequately describing the exposure con—
ditions to be modeled and the predicti ons (retinal i ntensity distribu—
tion , temperature rises , damage thresholds or extent of damage) he
desires from the model. He must describe, or model , the incident radia-
tion, the ocular media, the mechanics (temporal and spatial grid) of the
program, and the output desired. This section oresents a broad overview
of the capabilities and limitations as they pertain to these four areas.

In developing the program, several major assumptions are made.
• First, the eye geometries are simulated in cylindrical coordinates, approx-

imating the retina as a flat surface . Second, the relative retinal-
intensity radial distribution is used at all depths of the eye below the
retina, assuming that the incident radiation is coherent and dispersion
of the beam through the retina will be mi nimal. Third , all reflected
radiation Is considered to move along axial directions ; also , only first—
order reflections are considered to be important to the total temperature
rise. Fourth, the rates of retinal-tissue damage used in the damaae in—
tegral are assumed to equate to the rates of skin—tissue damage; extensive
work has been done with skin tissue in this area while very little has been
done with the retina. Other assumptions will be discussed in later sec—
tions.

The model has a number of features which give the user flexibility In
describing the incident radiation in terms of its spatial , spectral, and
temporal properties. The model is designed only for monochromatic , coher-
ent radiation. The spatial profile of the beam may be designated as
uniform, gauss ian, or irregular. Syninetry about the axis of propagation is
always assumed. The user may specify the profile at either the cornea or
the retina. For uniform or gaussian profiles, the user specifies the beam
radius and the total power incident during a single pulse. For irregular
prof i les, the user constructs the desired beam profile by specifying the

I total power incident duri ng a single pulse and the intensity (absolute or
relative) and associated radial distances from the center of the beam.

5
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The temporal properties of the Incident radiation are specified by
selecting the duration of a pulse , the repetition rate, and the number
of pulses . Therefore , both single— and multiple—pulse exposures can be
modeled. The model assumes all pulses to be square with resoect to time;
multiple -pulse trains will be composed of simple periodic , 100% modu-
lated pulses. Because the model only predicts damage based on thermal
mechanisms, the recomended time range for a oulse duration is between
10—7 and 103 seconds. For pulse durations outside this range, nonthermal
damage mechanisms may become significant . The model will accommodate
shorter pulse durations ; however , only thermal effects will be predicted.
The model automatically converts pulses with durations less than 3xlO 9
seconds to pulses with 3xlO 9 —sec pulse widths . The conversion is
accomplished assuming energy conservation. The assoc iated power conver—
sions are also made internal ly in the model. Even though the model makes
these convers ions , the output is always given relati ve to the original
input wi th one exception: the value for POW, the total power incident on
the corneal surface , is given relative to the 3x lO— 9 —sec pulse.

The ocular media can be described in terms of the optical , thermal,
and physiological characteristics of the eye. The optical narameters in-
clude the coefficients for absorption, reflection, aberration, and re-
fraction. Scattering of the radiation wi thin the ocular media is ignored,
and all reflected radiation is along axial directions. The user has the
option to either specify an optical system that calculates the retinal
intensity distribution or specify the retinal intensity distribution
directly. The optical system of the eye is specified in terms of focal
length, distances between optical surfaces, refractive indexes , aberration
coefficients, and pupi l size. The relative retinal—intensity radial dis-
tribution is assumed to remain constant at all depths below the retina.

The thermal parameters include heat capacity and conductivity of the
indivi dual ocular layers, initial ocular temperature, and blood flow
within the choriocapillaris and tissues surrounding the eye. The user may
also specify the decay of temperature rises wi thin the melanin granules

• for program RE1 .

The user specifies the physiological characteristics of the eye by
selecting the radius and thicknesses of the various homogeneous ocular
layers. All surfaces are assumed to be flat and perpendicular to the
laser beam axis. The user may divide the pigment epithelium Into two sub-
layers ; also , the user has the option of placing 1—urn—cube melanin granules,
separated by 1 tim, in either one of the sublayers of the pigment epi—
thelium. The melanin granules are modeled as absorbi ng all energy incident
upon them; the surrounding media absorb like the choroid. The choice of
the sublayer to contain the melanin granules is used to differentiate be-
tween the human and the monkey eye. In the monkey eye, the melanin gran-
ules are located in the anterior portion of the pigment epithelium ; in
the human eye, in the posterior portion . The melanin granules contribute
to the temperature rise calculations only for pulse widths less than iø 5
seconds. For times greater than ~~~ seconds, the heat diffusion from one
granule to another has already taken place ; so the temperature rises are

S ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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constant across the entire granulated layer, and the granules do not con-
tribute significantly to the temperature calculations . For this reason,
the Retinal Thermal Model has been divided into two programs, RE1 and RE2.
RE1 contains the subroutine MXGRAN which models the melanin granules within
the pigment epithelium. RE2 does not contain MXGRAN but does allow divi-
sion of the pigment epithelium i nto two homogeneous layers. RE2 requires
less computer central processing time and core memory than does RE1 .

The model automatically selects the temporal and spatial grid points
in the ocular media; however, the user specifies the size of the increments
and extent of the temporal and spatial grid. The dimensions of the spatial
and temporal increments represent the limi ts of resolution of the model pre-
dictions. The spatial grid has uniform increments in the region of highest
temperature rise and constantly expanding increments away from the highest
temperature regions. The temporal grid has constantly expanding time steps
from the beginning of the pulse. The predicted retinal intensity distri-
bution and temperature rises are all relative to the specified spatial and
temporal grid points. The user selects the range and spacing of spatial
coordinates used to print the temperature rises, threshold powers, and ex-
tent of damage; also , the user has the option to print and plot temperature
rises at any selected time. A separate plotting routine uses input data
cards punched by the retinal model and user control cards to plot the tem-
perature rises . Enti re sections of the complete printed output can be
deleted. Available options are described In the Output Format section.

The retinal model has a variety of i nput/output capabilities . The
user can batch a sequence of exposures by varying the pulse-repeti tion
frequency and/or number of pulses while keeping all other parameters con-
stant. For such sequence of exposures , the program is initiated only once,
thus conserving operating time.

INPUT REQUIREMENTS

This section describes the i nput required to spec ify the source, the
ocular media , the mechanics of the program, and tne formatting of the output.
All parameters required by the user as input , along with the appropriate
formats and data card numbers , are given for retina l models RE1 and RE2.
All parameters are defined in Appendix A. When solving a problem , the user
must model both the Incident radiation and the ocular media to fit the de-
sired situation , and must also specify the parameters aovernlnq the mechan-
ica l operation of the program, such as the size of the gri d required and
the output desired.

To simulate the radiation incident on the ocular media , the user has
the option of specifying , v ia IPROF, a uniform— , gaussian- , or i rregular-
beam i rradiance profile. Axial symmetry for all beam profiles is assumed.
For uniform—beam profiles, the beam radius (RIM) must be specified ; it is
used with LIM (the number of radial intervals from the center of the beam
to a specified radius) to establish the minimum radial grid Increment (DR).

r- . • For gaussian-beam profiles, RIM must be specified at a narticular relative
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intensity poi nt (CUT). For irregular-beam profiles, the absolute or
relative Irradiance profile must be specified on a point—by—point basis by
listing the irradiance value , PX(L ) , at the radial distance , RX(L) , from
the center of the beam. PX(L) cannot have a va l ue of zero at the center
of the beam. The total number of specified irradiance points is equal to
LR. The model will integrate the beam profile at radial i ntervals (RINT).
We suggest that the irradiance points be specifi ed at radial Intervals
equal to multiples of RINT to avoid interpolation.

The total power per pulse in the beam at the cornea (Pow) must be
specified for all beam profiles. In effect, the user has the capability
of specifying the divergence , which is a function of the distance of the
pupil from the nearest beam waist (ZO). ZO is input only if the spread
function is used (IFIL=l). In addition , the pulse width (DPULSE), the
pulse repetition frequency (REPEl), the number of pulses entering the
ocular medi a (NPULSE), and the wavelength (WAVEL) must also be soecified
for all simulated exposures. However, WAVEL is used only in the image

• spread—function calculation (IFIL=1). For single—pulse exposures, a
value for REPET must be suppl ied; however, it will not be used in calcula-
tions in the model .

The eye is modeled as a cyli nder wi th its axis coincident with the
axis of radiation propagation . The various layers of the eye lie perpen-
dicular to the cylinder axis , wi th flat boundari es between the layers.
The radial extent of the eye is specified as RVL. The various ocular media
modeled in the eye are listed in Table 1. The thickness, transmittance ,
reflec tance, and absorption coefficients of the vari ous layers are all
input. The user must also supply the thermal conducti vi ty, CONX(L), and
heat capacity, VSHX(L), for each ocular layer. Values for these param-

• eters are given in Appendix A.

TABLE 1. OCULAR STRUCTURES MODELED

Label Ocular structures

1 Everythi ng from the anterior portion
of the eye to the pigment epi thel ium

2 Pigment epithe lium

3 Choriocapillari s (vascular layer)

4 Choroid

5 Sciera

6 Tissue posterior to the sclera

8
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The pigment epithelium l ayer may be divided into two sublayers , with
the user specifying the thickness and the absorption coefficient for each
sublayer. IGX is the parameter used to specify the absorption coefficients .
For a simulation of the human eye (IGX=l), the absorption coefficient for
the anterior sublayer (APE1 ) Is set equal to the absorption coefficient for
the choroid (ACH); the absorption coefficient for the posterior sublayer
(APE2) is calculated within the model . For the simulation of the monkey
eye (IGX=O), the absorption coefficient for APE1 is calculated within the
model , while APE2 is set equal to ACM . The disti nction of two sublayers
with differi ng absorption coefficients is due to the assumption that most
of the absorption within the pigment epithelium occurs in the posterior sec-
tion for human eyes and in the anterior section for monkey eves. The rela-
tive thickness of the two sublayers is specified by RPE.

The user can transform the distribution of the beam Incident on the
cornea to a retinal distribution by using the spread function (IFIL=l ) or
can ignore that transformation (using IFIL=O ) and specify the i ntensity
distribution at the retina. The spread function simply transfers the beam
from the cornea to the retina, simulati ng ocular focusing and optical
aberration effects. The initial temperature of the eye is specified as TO.
The radius of the pupi l of the eye (PUPIL) is specified by the user and
implemented within the model to define the initial beam intensity profile.
Only when the spread function is used must ZO, FLO, FC, NB , PP, CABER , PC,
JO, and NA be input.

The effects of blood flow are assessed in two ocular structures-—the
choriocapillari s and the tissue surrounding the eye. Within both struc—

• tures, the blood is treated as a heat sink——the extraction of heat from
the adjacent tissue by the blood as it enters that tissue . The user inputs
the specific heat of blood (SHB), the total blood flow to the chorio-
capillaris (CFLOW), and the rate of blood flow to the tissue surrounding
the eye (XFLOW). The model computes the temperature rise resulting from
the heating of the blood as it enters both ocular structures. The user
can also account for the radial transport of heat by the radial flow of
blood within the chorlocapillaris. To do this , statement number 31 of the
RE1 and RE2 programs (Appendix D) must be deleted and replaced by state-
ments to establish specific values for XFLOWO(Ll) L 1 l ,6. XFLOWO(Ll) is
defined as the total blood flow per unit area leavi ng the chQri ocaV lllari s
at a given radial distance R. It is given in units of g~cm ’•sec ’. Wi th-
out this change, the model will only treat blood as a heat sink .

The model also computes the temperature effects of heat absorption in
the melanin granules. The user must specify TS(L), which determines how
the average temperature rise of the granules decays wi th time, and LTMAX ,

• which controls the time beyond which the temperature rises of the melanin
granules are completely dissipated . The temperature—rise contributi ons
are specified at time increments of 3xlO 9 seconds. In the output section
of the model , XPD(K) represents the degree to which the melan in granules
affect the temperature in the pigment epithelium .

1~ 
• 9
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To predict the power required to produce i rreversible damage by the
damage-integral method, the coefficients for the rates of damage (DAMAGE)
must be specified. The model will also compute the power required to
raise the temperature of the tissue to TSTEAM and will repeat the calcula-
tion at temperature i ntervals (DTSTM) unti l the power to produce irre-
versible damage, as determined by the damage—integral method, is reached.

The mechanics of model operation include determining the spatial grid
system and the time i ntervals used in the temperature—rise computation.
The spatial grid system, used to specify the locations at which an evalua-
tion of the temperature—rise and damage—threshold predictions is desired,
has both a uniform and a constantly expanding portion. The uniform portion
of the grid is positioned at the center of the beam in the pigment epithe—
h u m , usually the region of highest temperature rise. The grid then con-
stantly expands away from this region . The user specifies the size of the
uni form radial grid Interval (DR) by using LIM and LESION for irregular or
gaussian profiles, and LIM and RIM for uniform profiles. The uniform axial
grid interval is about one—sixth of the thickness of the pigment epithelium .
Upon this grid the physiol ogical layers are constructed . The vari ous ocular
layers and the labels used to assign absorption, conductivity , and heat—
capacity values to these ocular layers are listed in Table 1. For damage
threshold calculations , the range of gri d locations at which calculations
are made is determined from LIMA X and MAXPRT for axial locations and from
RMAX for radial locations. LIMA X and RMAX must be chosen so that
(1D2_ID1+1)* JM < 27 where IDl=IMAX—LIMAX , 1D2=IMAX+LIMAX , and JM Is the
index of the firTt radial grid point beyond RMAX . IMAX is the axial grid
point at which peak temperature rises occur at the conclusion of the pulse.

The time intervals used in calculati ng temperature rises , the maximum
time during which temperature rise calculati ons and damage threshold pre-
dictions are made, and the time intervals used to subdivide the pulse
widths are complex ar.d intricately related. Unless the reader is experi-
enced with the program, we suggest that the values suppl ied In Appendix A
for FTIME , EDT1 EDT2, NPT XCT, and KTT he used. Appendix A contains

• some of the relhlonships ~etween these parameters for those who need tochange the suggested values.

To reduce computation time of the program, the user may group all
exposures which differ onlj in REPET and NPULSE. This is done by speci-
fying the desi red value~ T~r REPEl and NPULSE and specifying the total• number of exposures so grouped in NTEST, with a maximum of 7 pairs of
values per group.

The formatting of the output includes selecting the output sections
to be printed and the times and spatial ranges within the arid system for
temperature rise printouts and/or plotting . Using IPRT codes , as shown
in Table 2 , the user specifies the output sections desired . Fpr multiple—
pulse exposures, temperature rises are printed only for the first pulse

t.. •
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TABLE 2. PROGRAM OUTPUT SECTIONS

Code Section

IPRT(l) Grid information

IPRT(2) Laser profile

IPRT(3) Data identification

t IPRT(4) Blood flow and heat depositi on

IPRT(5) Temperature rises

IPRT(6) Normalized temperature rises

IPRT(7) Normalized temperature rises of
melanin granules

IPRT(8) Predicted threshold laser power
• IPRT(9) Axial extent of damage

• IPRT(1O) Radial extent of damage

incident on the reti na; however, prediction of damage is based on multiple—
• pulse effects. The range of grid locations at which temperature rise cal-

culations are printed is determined from IDl and 1D2 for the axial range,
and from JD1 and JD2 for the radial range. The user has the option of
pri nting the temperature rises at all the time intervals determined within
the model (ITYPE*l), only every nth time Interval (ITYPE=n), and/or at any

• selected times (KTYPEO=l) within the maximum time used by the model . The
• total number of selected times for printing is equal to KTYPE , while the

selected times for printing are specified in TIMEX. Temperature rise cal—
I culati ons are always printed at the beginning and end of the pulse and at

the time Interval TIME. When plots of temperature rises at selected times
are desired (KTYPEO=O), the model will always provide printouts in addi—

• tion to the plots. The range of axial and radial grid locations desired
for plots is determined by III , 112, and Jil , JJ2, respectively. 113

• enables the user to mark (by an asterisk) a spec ific axial depth on plots

I for easy identification and comparison with other plots.

Tables 3 and 4 provide a quick reference to the parameters recuired
as input to the model as well as their required formats and order. Data
cards with an asterisk as a prefi x to the data card number should be
checked to ensure they s fm~iIate the desired exposure ; data cards wi thoL the
prefi x asterisk generally remain constant from exr~osure to exposure . Da ta

f .

~~ cards with an asterisk as a suffix to the data card number are not input
unless an irregular profile (IPROF~2) or the spread function (IFIL~1) is
used. When the uniform and gaussian profi les are used (IPROF=O ,l), data

• cards 20, 21, and 22 are not input. When the spread function is not used
• (1FIL~’O), data cards 23, 24, and 25 are not input.

-
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TABLE 3. INPUT DECK FOR RE1

Data card
number - 

Format Parameter

1 (4 cards) llF7.2 FTIME(L) L l ,38
*2 (1 card) 1017 IPRT(I) 1=1,10
*3 1 card F7.4,317 RIM, LIM, IFIL, IGX
*4 1 card F7.2,211,F7.2 RMAX , LIMAX , MAXPRT, LESION
*5 1 card 17,3E7,2 IPROF, POW, CUT
*6 1 card) 10E7.2 OPULSE
*7 1 card) 1017 NTEST NRUN(L) L 1 , NTEST

g *8 1 card 10E7.2 REPET~L) L=l , NTEST
• *9 1 card 1017 NPIJLSE(L) L 1 , NTEST

*10 1 card 1017 101, 1D2, JD1, JD2, h YPE
11 1 card llF7.2 TO, EDT1, EDT2
*12 1 card llF7.2 TOM, APE, AVL , ACH, ASC, ATS, RCO,

RRT, RSC, RPE, WAVEL
*13 (1 card llF7.2 TAV, TPE, TVL , TCH, TSC, RVL
14 (1 card llF7.2 CONX (L) Lzl,6

• 15 (1 card llFl.2 VSHX(L) L l ,6
16 4 cards 1017 NPT(1) L l ,38
17 4 cards 10F7,3 XCT(L) L 1 ,38
18 4 cards 1017 KTT(L) 1=1 ,38
19(1 card) 10E8.3 PUPIL

• *20*(l card ) 17 LR
*2l*(l..3 cards) lOE7.3 RX(L) L=l ,LR
*22* 1—3 cards) lOE7.3 PX(L) L=l ,LR
*23* 1 card) lOE8.3 ZO, FLO, FC, NB, CABER, PP, PC

• 24* 4 cards) 10F8.5 JO(L) L=1 ,32
25*(3 cards) lOF8.5 NA(L) L=l ,22
26 (1 card) lOF7.3 SHB, XFLOW, CFLOW

• *27 1 card) 17,3E7.,2 KTYPEO
*28 1 card) 17,3E7.2 KTYPE
*29 1 card) 10E7.2 TIMEX(K) K l ,KTYPE• *30 (1 card) 1017 Ill , 112, 113, JJ1 , JJ2

• 31 (1 card) I7,3E7.2 LTMAX
32 (22 cards) 10F7.3 TS(L) L=l ,LTMA X, 10
33 (1 card) llF7,2 DAMAGE(L2,l)~ ~~~• DAMAGE(L2,2) ~ L~~. I,

TSTEAM, DTSTM

Pref ix * indicates parameters most often altered for specific exposures .

Suffix * indicates parameters not input unless irregular profile or spread
function is used.
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TABLE 4. INPUT DECK FOR RE2
1—30 Same as RE1 Same as RE1
31(1 card) llF7.2 DAMAGE (L2,1) 

~ L2=1 2DAMAGE(L2,2) I

OUTPUT FORMAT

The printed output of the retinal model s, RE1 and RE2, are arranged
into 1) sections. The pri ntout format and the IPRT codes for each section
are listed in Table 5. The user has the option of printi ng only the sec-
tions desired, as specified in Table 2, except for one. The unlabeled
section listed prior to Predicted Threshold Laser Power on Table 5 is
always printed. (The definitions for the program parameters are given In

• Appendix A.) Not every parameter in Table 5 will be printed every time,• In the Laser Profile Section, if the spread function is not used, all para-
meters dealing wi th it will not be pri nted. On the first line of this sec-

• tion, only RIM is printed for a uniform beam (IPROF=O), SIGMA , RIM , and
CUT for a gaussian beam (IPROF=1); or RINT for an i rregular bean (IPROF=2).
For a single—pulse exposure (N=1), trainlenqth and repetition rate are
deleted from the unlabeled section.

In the Temperature Rises section (Table 5), numbers printed at each
ax ial and radial grid point represent the temperature rise (°C) above the
initial temperature of the eye (TO) at the time indicated. For the ~ormal—
Ized Temperature Ri ses sec tion, the temperature rise (°C) is divided by the
input power. Therefore, the numbers printed at each gri d point represent
the temperature rise per watt of input power. For pulses of less than a
3x10—9—sec duration, POW is converted to a power relative to a 3xlO 9—sec

• 

• 
pulse ; the converted POW Is used to normalize the temperature rises.

• For the axial and radial extent of damage, the model selects the
appropriate statement from those listed in Table 5. If the i nput mower pro-

• duces no damage within the grid range specified by LIMA X, the model will
print NO DAMAGE—-LASER POWER TOO LOW. If the grid range specified by LIMA X
contains the most anterior point at which damage occurs, the model will
print MINIMUM DEPTH OF DAMAGE = (the value qlven will be relative to the
anterior boundary of the pigment epith&ium). If the maximum posterior
point at which damage occurs Is contained within the grid range specified

• by U MAX , the model will pri nt MAXIMUM DEPTH OF DAMAGE (again, the value
given will be relative to the anterior boundary 0f the pigment epithehium ).
If damage is present, the radial extent of damage will be printed for each
axial grid point specified by LIMAX . The value for the radial extent of
damage will be relative to the center of the laser beam.

13
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TABLE 5. PRINTED OUTPUT FOR RE1

GRID INFORMATION IPRT(l)

• R 2=
• Rl =  ZM

ID1 = 1D2 = JD1 = JD2 —
• D R= DZ

IPA= IPC = IPE 2 IPS = IPT = IPV =
LPA = LPC = LPE LPS = LPV =

M =  M l =  N —  N i —
R =

ZH=

LASER PROFILE IPRT(2)

SIGMA = RIM = CUT = RIN T =
ZO =  FLO =
CABER = CABER2 = PP =

PC NB NC
• FC= WAVEL —

QP =

HR =

DATA IDENTIFICATION IPRT(3)

REPET
NPULSE -

AAV = ACH = APE ASC ATS =

RCO = RRT = RPE = TOM = AVL
TAV • TCH = TPE = TSC = TVL
IGX IFIL = IPROF LIM = NTEST =

POW — DPULSE RIM = RMAX = TIME
CROW = XFLOW SHB = EDT1 = EDT2 =

01 = K M = K T =  PTIME = XC-
IKX AP APE1 = APE2 = IG =

RVL — PUPIL = TO = LIMA X = MAXPRT —

BLOOD FLOW AND HEAT DEPOSITION IPRT(4)

FLOW I
FLOWX
S =s =

a
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TABLE 5. (Continued)

TEMPERATURE RISES IPRT(5)

TIME — K-
R =

• 2 =

ii

NORMALIZED_TEMPERATURE RISES IPRT(6)

TIME = K = POWER O.I000E+Ol WATTS

2 =

z =

NORMALIZED TEMPERATURE RISES OF MELANIN GRANULES IPRT(7)
LTMAX = BT =
XPD =

(unlabeled section)

WAVELE NGTH = DAMAGE =• NRUN = TRAINLENGTH = SEC PULSE WIDTH = SEC
NUMBER OF PULSES — REPETITION RATE = PULSES/SEC
IMAGE RADIUS = LESION RADIUS = CM

PREDICTED THRESHOLD LASER POWER IPRT(8)

R =
QD=
QD =

2 =  Q D —

15
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TABLE 5. (Continued )

TO•IPERATURE RISES AT SELECTED TIMES TIMEX(K)

TIME =

R =
Z =
z —

1=
AXIAL EXTENT OF DAMAGE IPRT(9)

NO DAMAGE--LASER POWER TOO LOW
or

DEPTHS OF DAMAGE BEYOND BOTH SPECIFIED DEPTHS
or

M INIMUM DEPTH OF DAMAGE = CM
• and/or
- MAXI MUM DEPTH OF DAMAGE - CM

RADIAL EXTENT OF DAMAGE IPRT(lO)

2 = CM RADIAL EXTENT OF DAMAGE GREATER THAN CM
or

Z = CM RADIAL EXTE NT OF IRREVERSIBLE DAMAGE = CM

16
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APPENDIX A

GLOSSARY

All parameters used as either input or output in the retinal models ,
and some used internally, are listed in alphabetical order, with appro-
priate units and suggested input values . The equations orovided are in
FORTRAN IV language, where ALOG represents the natural logarithm and **
represents “raised to the power.” For some of the parameters, numerical
values are tabulated in the tables at the end of the alossary.

AAV--The absorption coefficient for the ocular media from the cornea to
the retina.

Units : inverse cm

AAV = ALOG(TOM )/TAV

ACH--The absorption coefficient for the choroid.

• Units: inverse cm
Suggested input value: Tables A— l and A—2

AP—-The fraction of heat that, deposited in the granulated pigment epi—
thelium , is absorbed by the melanin granules. AP is calculated from

• ACH, RPE, TPE, APE1, and APE2. It is printed and used only when the
subrouti ne MXGRAN in RE1 is used.

Units : unitless

APE--The absorption coefficient of the pigment enithel ium.

Units: inverse cm
Suggested input value: Tables A-i and A—2

APE1--The absorption coefficient for the anterior sublaver of the pigment
epi thei ium.

Units : inverse cm

APE1 = (APE_ACH*(l. _ RPE)) /RPE for
APEI ACH for IGX=l

APE2——The absorption coefficient of the posteri or sublayer of the pigment
epithelium.

Units: inverse cm

APE2 = ACH for IGX—O
APE2 (APE_ACH*RPE)/(l._RPE) for IGX=1

L~
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ASC--The absorpti on coefficient for the sclera.

Units : inverse cm
Suggested input value : same as ACM

ATS--The absorpti on coefficient for the tissue posterior to the sciera
of the eye .

Units : inverse cm
Suggested input value: same as ACH

AVL-—The absorption coefficient for the choriocapillaris (vascular layer).

Units : inverse cm
Suggested input value : same as ACH

BT--The time interval duri ng which heat conduction from the qranules is
insianificant. It is the time interval used to evaluate the contri-
buti ons of the melani n granules to the temperature rises . BT is set
equal to O.3x lO—8 .

Units : sec

CAI3ER--A constant in the spherical aberration term used i~ 
the spread

function. The spherical aberration term Is CABER p’~/X , where p
is the radius in the nupi l plane and A is the wavelength . CABER is
printed only when the spread function is used (IFIL=1).

Units : cr’r4.nm
Suggested i nput value: -3.OE+6

CABER2-—A spherical aberratiQn constant calculated by dividing CABER by
the wavelength (nm) of the incident radiation. CABER2 is printed
only when the spread function is used (IFIL=l).

Units: crn 4

CFLOW—-The total blood flow to the choriocapillaris .

Units : q.seC~• Suggested innut value: 0.024

COdX (L),L=1 6——The thernal conductivity of the Lth ocular media as listed
• in Tabte 1 (text).

units: cal cm sec~~ °C~H Suggested input va l ue: 0.0012

•1 18
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CUT--The fraction of the peak intensity in the beam cross-sectional dis-
tribution at which the beam radius , RIM , is specified for aaussi~n
profiles (IPROF1). CUT can be any fraction of the peak intensity ,
but RIM must be specified at the same point.

Units : unitless
Suggested input value: l.35E—1 (l/e2 i ntensity ooints of a naussian

profile)

~A~1AGE (L2,I) DAMAGE (L2,2), (L2=i ,2)--The UAMAGE array contains the co.
efficien~s for the damage-rate integra l.
For temperatures below 5C)”C:
Rate = EXP (D.~MAGE (1 ,1) - AIAGE(1 ,2)/(VC+273+TO)).

For temperatures above 50°C:
Rate = EXP (OAMAGE(2 ,1) - DA~1W’E(2,2)/(VC+273+TO)).VC is the temperature rise (°C) at the sr~ecified qrid points. In is

the initial temperature (‘c) of the eve, and the number 273 converts
degrees Celsius to Kelvin. The values provided are for skin tissue ;
but they are assumed to equate to the damage—rate constants for ret-
inal tissue.

Uni ts: DA!1AGE(L2 ,1): unitless
DAMAGE(L2 ,2): sec

Suggested input values : DAMAGE(l ,1) 149.
!JAMAGE(l ,2) = 50,000.
DAIIAGE(2 ,l) = 242.
DAMAGE(2 ,2) = 80,000.

OPULSE—-The exposure duration of an individual pulse.

Units : sec
Suggested input value: 3.OE-9 to i.OE+3

DR--The radial increment in the unifo rm portion of the grid network .

Uni ts: cm

DR = LESIOFi/LIrl for gaussian and irregular bean profi les (IPROF=l ,2)
DR = P~I1’/ (L IM— .5) for uniform profi les (IPROF O)
NOTE: For IFIL=l , since RPI is a corneal dimension , LII must be

large to obtain a small DR.

DT——The initial time interva l after the start of a oulse at tshich temnera—
ture rise calculations are made. Successive calculated tine inter-
vals are increased by the stretching factor XC.

Units : sec

19
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UT = DPULSE * (XC_ l .)/ (XC** NP_ l.)
NP = iiPT(i1) for single pulse
XC XCT(Ll ) for single pulse
Li = ALOG(DPU LSE)/.693 15 + 29.
NP = 5 for multiple pulse
XC = 1.4 for multiple pulse

DTSTtI--The temperature increment used to increase TSTEAM in calculating
the power requi red to produce the temperature TSTEAM in the mel anin
granules . Successive calculations and printouts of Predicted Thresh-
old Power will be made at each increment of TSTEAM until the power
requi red to produce the temoerature TSTEAM exceeds the power requi red
to produce Irreversible damage as predicted by the damage integral
method. Reducing DTSTM results in increased computation time and
pri ntout.

Uni ts: °C
Suggested input value: 203.

DZ--The axial Increment in the uniform portion of the arid network .

Units : cm

DZ = TPE /M1 — 1.E—25
Ml = 6

EDT i~ EDT2——Parameters used to determine the time intervals at which tem-perature rises are calculated . The model divides the computed time
interval into 2*IKX subintervals to insure stability and accuracy.
IKX is dependent upon TIME, EDT1, and EDT2. The suggested values
are adequate except for pulse widths greater than 10~ Sec .

Units : unitless •

Suggested input values : EDT1 = 0.16; EDT2 — 1 .

IKX = TIME**EDT1 + EDT2

FC-—The focal length of the cornea measured in the ocular media. FC is
required only when the spread function Is used (IFIL1) .

Units : cm
Suggested i nput value ; 3.l2E~-—humans2.43E 0——r hesus monkeys

• FLO--The second pri ncipa l focal length at a 500-nm wavelenoth. The sec-
ond pri ncipal focal point is the noint at which parallel light in-
cident upon the anterior portion of the eye will focus . FLO is re—
quired only when the snread function is used (IFIL=l).

Units: cm
• Suqqested Input value: 2.242E~--humans

• .~‘fl~Y• ‘~~r.besus “‘onk~v~
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FLOWI(J) J=l JVL——The flow of blood into a unit volume of the chorlo—
capillaris at some radial point , R(J). JVL is the i ndex such that
R(JVL)=RVL.

Units: g.cm 3.sec 1

FLOWX(J), J=l~JVL——The product of the radius at some radial point, R(J),
and the net flow of blood per unit area in the radial direction at
point R(J). JVL is the index such that R(JVL)=RVL .

Units: g.cm l.sec )

FTIME(L), L=l ,38——The array FTIME is used for multiple -pulse exposures to
determi ne the time interval (TIME ) over which the damage integral is
evaluated . TIME is a function of FTIrIE; each element of FTI?IE is
associated wi th a range of pulse widths (DPULSE).

Units : unitless
Suggested input value: 1.8 for all elements

TIME = FTIME(L1 ) * Xl for multipl e pulse
Ll = ALOG(DPULSE)/.69315 + 29.
Xl = NPULSE(L)/REPET(L) The largest value for any NTEST.

Therefore, to increase the time i nterval (TIME) over which the
damage integral is evaluated , one should increase the Lth element of
FTI IE associated wi th the specified pulse width (DPULSE).

HR(J), J=l ,N-—The normalized retinal i rradiance at radial position R(J).
Syr~iietrv about the axis is assumed .

Uni ts: unitless

101, 102--Input and output parameters. As input parameters, 101 and 102
• are integers used to determine at what axial positions the temnera—

ture rises are to be pri nted. The temperature rises will be printed
at axial positions wi th indexes from I=IPE+ID1 to I=IPE+1D2 . As
output parameters, 101 and 102 are actual qri~ index points relative

• to the fi rst grid point located anterior to the cornea. Temperature
rises are to be printed from grid point ID1 to point 102.

Units : unitless
Suggested input values : dependent upon the user

• ID1 (output) = IPE + ID1 (input
102 (output) = IPE + ID2 (input

~
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IFIL—— Ihe parameter that allows the user to decide whether or not to use
— the soread function. The spread function is used to transfer the

beam distribution from the cornea through the ocular media to the
retina. When the spread function is used , all input (RIM, POW , CUT,
~X(L), PX(L), LR , ZO) beam characteristics must apply to the beanat the cornea. When the spread function is not used , the input
spatial beam characteristics are assumed to apply to the beam dis-
tribution at the retina , with the except i on of POW and PX(L) which
always appl y to the cornea.

Units : unitless
Suggested input value : 1——spread function is used.

0--spread function is not used.

IG--The i ndex of the initial gri d noint in the melanin qranules . It is
— used and printed only in program RE1.

Jnits : unitless

P X-—The selection parameter for the absorption coefficients of the two
— sublayers modeled in the pigment epithe lium . For !GX=l , the absorp-

tion coefficient for the anterior sublayer (APE1 ) is enual to ACM.
The absorption coefficient for the posterior sublayer (APE2) is com-
puted assumi nq it conta i ns most of the melani n aranules . For IGX=O ,
APE2=ACI-l and APE1 is computed assumi ng the anterior sublaver con-
tains most of the melanin granules .

Un i ts: unitless
Suggested input va lue: 1——a human eye

0--a monkey eye

Il l , 112—-The i ndexes used to specify the range of axial grid va l ues
desi red for a plot. These indexes are the actual indexes of grid
points , with 111 closer to the anteri or part of the eye.
Units : unitless
Suggested input values : dependent unon the user

113--An i dentification index used in the plotti ng routine. An asterisk
can be placed on the curve at the axial deoth associated with arid
point 113 in a plot and allows easy reference for comparina similar
curves in more than one plot . 113 is the index of an actual arid
point .

Units : unitless
Suqqested input value: denendent upon the user

~
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IKX——The number of times the temperature calculations are repeated to in-
— sure stability .

Units : unitless

IKX = TIME **EDT1 + EDT2
TIME = FTIME(Ll)*Xl for multiple pulse

• Ll = ALOG (DPULSE)/.693l5 + 29.
Xl = NPULSE/REPET the larges t value for any NTEST
TIME = 31 * (XC **KT — l . ) / ( X C — l . )  for sinnie pulses
KT = KTT(L 1
xc = XCT(u

IPA—-The index of the initial grid point located in the cornea . Its value
— is always 2.

Units : unitless

IPC——The index of the initial grid point in the choroid.

• Units : unitless

• IPE—— The index of the initial grid point in the pigment epithel iun. Its
• current value is 10.

Units : unitl ess

IPROF——The parameter used to describe the laser intens i ty profile. If a
uniform profile is specified , Rfli and POW must be specified . For

• a gaussian profile, RIM, CUT, and POW must be niven . Irregular
profiles require PX(L), RX(L), LR , and POW.

Units : unitless
Suggested input value: 0——uniform profile

1—— gaussian orofile
2——i rregular profile

IPRT(I), I=l ,1O——The parameter which gives the user the choice of pri ntina
or not printing each of 10 separate output sections described in

• text Output Format section.

Uni ts: unitless
Suggested input value: a-—printing is not desired.

- 
1——printing is desired.

•

~~~~

, .~~ IPS--The index of the initial grid point in the sciera .
t •

~~ Uni ts : unitiess
r- -

I
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IPT--The index of the initial grid point in the tissue posterior to the
Sc 1 era.

Units : unitless

• IPV——The Index of the initial grid point in the choriocapillaris.

Units : unitless

h YPE--Used to determine the tine indexes (K) at which the temperature
rises will be printed. The total number of times the temperature
rise calculations can be printed is equal to KT. If the tempera-
ture rises are to be printed at all times (XT(K) K=2 ,KT), h YPE must
equal one. If temperature rises are to be printed at every nth time,
h YPE must equal n. Temperature rise printouts will always be pro-
vided at the first time (K=2 ) after initiation of the pulse, at the
conclusion of the pulse (K=KM), and at the fi nal time over which
damage is assessed (TIME=XT(KT)). ITYPE must never equal zero.

Units : unitless
Suggested input value : denendent upon the user

JD1, JD2—-The radial indexes used to determine the radial oositions from
the center of the laser beam at which the temperature rises are to
be printed. The model will print the temperature rises starting at
radial position JD1 , out to radial position JD2. JD1=l corresponds
to the z—axis or the center of the beam. All 14 radial grid points
can be printed ; but only 9 will be printed on a single line , with
the other 5 orinted in consecutive order on the second line .

Units : unitless
Suggested input values : denendent upon the user

JJ1, JJ2——The i ndexes of arid noints used to specify the range 0f radial
grid values desired for a olot. JJ1 is the index closer to the
center of the beam.

Units : unitless
Suggested input values : JJ1 = 1, and JJ2 = 5

JO(L), L=l ,32—-The value of the zero—order Bessel function for argument
v~1ues to 3.1 in 0.1 increments . It is used in constructing the

~ 
j spread function.

Units : unitless
Suggested input values: Table A— S

K——An i ndex of the expanded times , XT(K)-—times at which temperature rise
— calculations are made.

Units : unitless
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KM——The index indicating the temperature rise printout occurring at the
— end of the pulse (XT(KM)zDPULSE).

Units : unitless

KT——The maximum number of times at which temperature rise calculations
are computed.

Units : unitless

XT(KT ) = TIME
KT = KTT(Ll) for single pulse
Ll = ALOG (DPULSE)/.693l5 + 29.
KT = [ALOG( l .+TIPIE*(XC_1.)/L)T)/ALOG(XC)+l.]+1 for multin le nulses

KTT(LJ L~l 38-—An array of the number of steps used to reach the total
• 

- time tTIME). The suggested values were calculated to reduce error
and increase stability in solving the finite—difference enuations
in the model .

Uni ts: unitlessj • Suggested input values : Table A—4

KTYPE--The total number of temperature rise nlots or selected time nrint-
outs desired. If no plots or selected time printouts are desired ,
set KTYPE=O . KTYPE has a maximum value of 10. A printout of the
temperature rise is automatic wi th each requested plot.

Units : uni tless
Suggested input value : dependent upon the user

KTYPE O——The parameter that controls the punching of data cards used as
input to the plot routine.

• I Units : unitless
Suggested input value : 0——car d punching

1——no card punching

LESION——The radius of the retinal lesion. It is used only to determine
DR for efficient grid structuri ng. It is not used for uniform beam
profi les (IPROF=O).

~

•

~

;•. ~ Units: cm
Suggested input value : dependent upon the user

DP = LESION/LIM for gaussian and i rregular beam profiles (IPROF=l or 2).
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LIM—-The number of radial intervals from the center of the beam to RIM
— for uniform beam profiles (IPROF—0), or to LESION for gaussian and

Irregular profi les (IPROF’ l or 2). LIM is used to determi ne the
size of the smallest uniform radial-gri d increment (OR) . There are
only four uniform radial—grid intervals.

Units: unitless
Suggested input value : 5

LIMAX--/\ narameter that determi nes the ranne of axial distances at which
damage calculations are printed. It is used in conj unction wi th
MAXPRT . For single—pulse exPosures , LIMAX has a maximum value of
9 for tIAXPRT 2 or 3, and a maximum va lue of 4 for MAXPRT=l . For

• multiple -oulse exposures, LP-IAX has a maximum value of 2 reaardless
of IAXPRT.

ror fIAXPRT = 1 , axial distance = IMAX — 2 u MAX to IMAX
MAXPRT = 2, axial distance = IMA X + LIMAX
IAXPRT = 3, axial distance = IMAX to IMAX + 2 LIMAX

• IMAX = the axial arId point at which oeak temperature rises occur at
the conclusion of the oulse.

Units : unitless
Suggested input value : dependent upon the user

LPA--The i ndex of the last grid point located in the vitreous humor.

Units : unitless

LPC--The i ndex of the last 9rid point in the choroid.

Units: unitless

LPE--The i ndex of the last grid point in the pigment eoltheliun.

Units : unitless

LPs--rhe index of the last grid noint in the sciera.

Units : unitl ess

LPV--T he index of the last grid point in the choriocapillaris.

Units : unitless

LR—-The total number of profile va l ues to be specified (LR has a maximum
value of 30). For i rregular beam (IPROF=2) distributi ons only, the

• ~~. ,~ user must specify the intensity distribution of the beam on a ooint—
by-point basis by givina the profile irradiance va lue, PX (L), and
associated radial distances , RX(L).

Units : unitless
Suncested input value : derende~~ ~~~ the jser
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LTMAX——The parameter that controis the tine beyond whicri the temnerature
rises of the melanin granules are completely dissinated . LTMAX
must be large enough to allow the temDerature rises in the melanin
granules to decrease to an insianificant value. The suaqested va l ue
has been found to be adequate , and it is recomended that LTMAX
not be less than 2191.

• Units : unitless
Suggested input value : 2191

M--The total numbc~ of arid spaces in the axial direction , an even integer;
5• currently, !1 = 28.

Units: unit less

M1—- Flalf the number of uniformly soaced axial increments; currently Ml = 6.

Units: unitless

MAXPRT—-The parameter which aives the user the option to control the print—
• 

•
• m g  of the predicted threshold laser powers and extent of damane.
• If MAXPRT equals 1 , predicted threshold laser power calculations will

be printed only at axial positions anterior to th~ position Of the
peak temperature rise, IMAX (IMAX—2 LIMA X to fl~AX). If ~1AXPRT enuals2, the printouts will be for axial positions both anterior and
posterior to the peak temperature rise position (WAX-U MAX to IMAX
+ LIFIAX). If MAXPRT equals 3, printouts will be made only for axial
positions posterior to IMA X (IMA X to IMA X + 2* LIIIAX) .

Units: unitless
• Suggested input value: 1——anteri or side of peak temoerature

2--both sides of neak temperature
• 

- 
3——posterior side of peak temnerature

~-—The total number of grid spaces in the radial direction; currently ,
• 

— 

N l 3.

Units : unitless

Ill—— The number of uniform grid increments in the radial direction ; cur—
— rently Id~4.

;e 

J 

Units: unlt less

NA (L), L=l ,22——The refractive i ndex of the ocular media as a function of
wavelength. They should be placed on the data card in increasina
wavelength sequence from 350 rim, at 50—nm Increments .

Units: unitless
Suggested input values : Table A-7 (for water)
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NB--The index of refraction of the ocular media at a 500-nm wa velength.
NB is required only if the spread function is used (IFILul).

Units : unitless
Suggested input value: l.336E~(maln1y for water)

iC--The index of refraction of the ocular media for wavelength (WA VEL).
NC is printed only if the spread function is used (IFIL=l).

Units : unitless

NP—-Constant used wi thin the program.

Units : uni tless

NPT(L ). 1=1,38--The number of incremental times used to subdivide OPULSE.
It is associated with specific values of FTIME(L), XCT(L), and
KTT(L) , all of which are associated wi th a speci fic range of values
of DPULSE and DI. The suggested va ues were calculated to keep the
errors small and satisfy stability requirements for solving the

• heat-conduction boundary value problem through the use of finite
differences.

S 

Units : unitless
• Suggested inout values: Table A-4

NPULSE(L). 1=1. NTEST-—The number of pulses associated with a specified
test exposure Identified by NRUN(L). All other parameters exceot
pulse repetition rate must remain constant for all NRUN (L).

Units : unitless
Suggested input values : dependent upon the user

• UTEST--The number of test exposures run which differ only in oulse repe-
ti tion rate and/or number of pulses. All other parameters must

S 
remain fixed from test exposure to test exposure. This allows re-

• duc inq computation time if only the oulse reoetition rate and/or
number of pulses differ from run to run. For single—pulse exoosures,
~lTEST=1 .

U~.its : unitless
Suggested Input va lue: dependent upon the user , MAX = 7

PC——The distance from the oupil to the cornea . PC is required only if
the spread function is used (IFIL=l).

• UnIts : cm
Suggested input value : 4.OE—l for humans

• S 3.6E-l for rhesus monkeys

• ,

!
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POW ——The total power per pulse incident on the corneal surface; assumed
— to be constant during the exposure .

Units : watts
Suggested input value: dependent uoon the user

PP——The distance between the pupi l and the second princ i nal focal plane.
It is renuired only when the spread function is used (IFIL=l).

Units : cm
Suqgested input va l ue: 1.35E—l for humans

1.2E—l for rhesus monkeys

PTIME--The uniform time increment into which DPULSE is divided ~or
multiple—pulse calculations . For single—pulse exposures , PTIME is
not used.

Units : sec

PTIME = DPULSE/NP for multIple oulses.
NP = 5.

PUPIL——The radius of the pupil of the eve.

Units : cm
Sunqested input value : 3 SE—1

PX(L), L—l ,LR——The absolute or relati ve i rradlance incident on the cornea
for an irregular profile at the radial distance from the center of
the beam, RX(L). Synwnetry wi th resnec t to the axis is assumed. PX(L)
cannot have a value of zero at the center axis gf the beam.

• Units : watts .cm—2
Suggested input value: dependent upon the user

~~——Al l QD values in program RE2, and those associated with the last two
TSTEAM values in program RE1 , are the nower tier pulse at the spec i-
fled grid points required to cause irreversible danane as determined
by the damage integral. The other QD values In program RE1 are the
powers requi red to raise the temoerature to TSTEAM. QD Is set equal
to I .OE+20 when the temperature rise is less than l0~~°C.

( Units : watts

a——The laser intensity at R(l), the center of the beam, enteri na the eye
after the corneal reflection.

Units: ca hctn—2~sec 1

R(J), J=l ,N+1__The radial distance measured from the center of the beam.

Units : cm
29
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Rl--Tne exponential stretching factor in the axial direction for the non—
uniform part of the grid system.

Units : unitless

R2——The exponential stretching factor in the radial directi on for the non-
— uni form part of the grid system.

Uni ts : unitless

- 
RCO--The fraction of light reflected from the cornea.

Units : unitless
Suggested input value : Tables A—i and A—2.

REPET(1), L=1,NTEST ——The repetition rate associated wi th the snecific test
exposure identified by NRUN(L) . All other parameters except the

- number of pulses must remain constant for all NIEST runs. For a S

single pulse exnosure, set REPET(L)=l . If both NPULSE and NTEST=1 ,
REPET is read but not used in the program.

Uni ts: Hz
Suggested innut values : deDendent upon the user

RIM—— The beam radi~is at the cornea If the spread function is used (IFIL=l )or at the retina if the spread function is not used (IFIL=O). It is
• specified at CUT for gaussian profiles (IPROF=l). Al though not used

for i rregular profiles (IPROF22), a value must always be specified
for RIM. For uniform profiles (IPROF O), it is used with LIM to
establish the minim um radial grid increment DR.

Units : cm
Suggested input value : dependent upon the user

• 
S RItIT--A radial interval used in the Input—profile evaluation and in the

spread—function integration . It is only printed when the spread
function (IFIL=l ) or irregular profile (IPROF=2) Is used.

• Units : cm

RliIT PUPIL / (L I—l ) ,  LI=500

• 
F R’IAX --The maximum radial distance at which damage assessments are to be

made. The model assesses damage at all grid points from R(J) O
• to the first grid point beyond R(J)=RMAX .

Units: cm
Suggested input va l ue: 0.001
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RPE-—A fraction, ranging from zero to one, used to determine the thickness
of the two sublayers of the pigment epi thelium. RPE is used in con-
junction wi th IGX to determine the absorption properties (APE1 and
APE2) of the two sublayers ; it cannot equal IGX , thus avoidi ng a divi-
sion by zero. RPE represents the fracti on of the total thickness of
the pigment epi thelium (TPE) occupied by the anterior sublayer.

Units : unitless
Suggested input value: O. —— no anterior sublayer

0.33-—monkey eye
0.67—-human eye
1.0—-no posterior sublayer

RPE*TPE = thickness of anterior sublayer
l_RPE*TPE = thickness of posterior sublayer

RRT——The fraction of light refl ected from the retina .

Units : unitles s
Suggested input value : Tables A-i and A-2

RSC——The fraction of light reflected from the sclera .

Units : unitless
Suggested i nput value : Tables A-i and A-2

RV L——The radial extent of the eye ; the boundary where no temperature rise
occurs.

Units: cm
Suggested input value : 0.7

RX(L), L=1 11R——The radial distance from the center of the beam, that is• assoc iated wi th the orofile irradiance value , PX(L), for irregular
beam profi les (IPROF=2).

Uni ts: cm
Suggested input values : dependent upon the user

S--The rate of heat deposition from the incoming beam per unit volume
at axial distances Z( I) and radial distances R(J). The S printout
is given for N radial positions on one line for each axial grid
point except those at the boundaries .

Units : cal •cnr3•sec 1

SHB——The specific heat of blood .

Units : cal.cnr3.0C~
r. Suggested input value: 0.92
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SIGr~1A—-The radius of the beam at the ooint where the intens ity is l/e2
of the maximum value . It is used only for aaussian profiles
(IPROF=l ) and is specified at the cornea if the spread function is
used (IFIL=l). If the spread function is not used (IFIL=O), all
orofile values are considered to be at the reti na.

Units : cm

TAV--The thickness of the ocular media from the cornea to the vitreous
humor inclusive ; the distance from the cornea to the retina.

Uni ts : cm
Suggested input value : Table A— 3

TCH-—The thickness of the choroid.

Units : cm• Suggested i nput va lue: Table A—3

TIME——The maximum time for temperature rise calculations and damage—
integral evaluation.

Units : sec

TIME = DT* (XC ** KT_ 1.)/ (XC_ 1.) for single pulse• DT DPULSE*(XC_l.)/(XC**NP_l.) for single pulse
KT = KTT(Ll) for single pulse
NP = NPT(L l) for single pulse
XC = XCT(L l) for sinole pulse
Li = ALOG( DPULSE)/.693 15 + 29.
TP1E FTIME(Ll)*X1 for multiple pulse
Xl = NPULSE/REPET largest fraction in all tests

T IMEX(K), K=1,KTYPE— -The time at which a plot or selected—time orintout
of the temperature rises is desired. A seoarate value of TIMEX(K)
must be supnlied for each olot or selected—t ime orintout. All
values of T IM EX(K) must be less than or equal to the total time
over wh ich damage is assessed (TI~’E).

Units : sec
Suggested input va lues : dependent unon the user

TO--The initial temperature of the eve.

Units : °C
Suggested input value: 37.

TO M—-The transmittance of the ocular media from the anterior surface of
— the cornea to the pigment eoithelium ,

Units : unitless
Suggested input va l ue: T~~h1 p~- ~~~~~ ~~~~~~ .‘~-2
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TPE——The thickness of the pigment epithelium .

Units : cm
Suggested input value : Table A— 3

TS(L) . L=l ,LTMA~,lO—— The normalized temperature rise decays with resoectto time for the melanin granules . They are normalized to the nower
required to raise a homogeneous pigmented l ayer an average o~ 1°Cper unit volume and are given in increments of 1081 or 3xlO Sec.
Values in Table A—5 were computed for melanin granules 1 ~.im wide
wi th a 1.5 urn separation between adjacent oranules .

Units : °C
Suggested input values : Table A— 5

TSC——The thickness of the sciera.

.
5 Units : cm

Suggested input value: Table A— 3

TSTEAM——A temperature defined by the user according to the narticular
subject being studied . The model computes the power necessary to
raise the temperature of the tissue at specif~ed grid points above
the temperature TSTEAM. The model will increment TSTEAM by DISh
and recompute the required powe r to exceed the new TSTEA M temnera-
ture. TSTEAM conti nues to be incremented by DTSTM unti l the power
to produce i rreversible damage predicted by the damage—integral
method is less than the power required to raise the tissue above
the temperature TSTEAM . At this point , the power predicted by the
damage-integral method is printed. When this occurs twice in se-
quence, the computation is stopped. This narameter allows the user
to determine what powers are necessary to raise the tissue above
specified temperatures and to determine the power needed to cause
irreversible damage in the tissue .

Units: °C
Suggested input value: 200.

TVL——The thickness of the choriocapillaris.

Units : cm
Suggested input value : Table A—3

VSHX (L) IL Lzl ,6__ The heat capacity of the Lth ocular media.

Uni ts : cal~cnr~ .°C
1

Suggested input value : 1.0
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WAVEL--The wavelength of the laser radiatIon In air.

Units : rin
Suggested input value : 400.—l200 . nm

XC— -The stretching factor for time intervals associated with temperature
— calculations .

Units: unitless

XC = XCT(Ll ) single pulse
Li = ALOG(DPULSE)/.69315 + 29.
XC = 1.4 multiple pulse

XCT(Ll) 11=1 ,38--An array of expansion factors for calculati ng time inter-
va’!~s Tn a single—pulse exposure run.

Units : unitless
Suggested input values : Table A-4

Li = ALOG (DPULSE)/. 69315 + 29.

XFLOW—-The rate o~ blood flow to the tissues surrounding the eve.

Units : gcm —~•sec~Suggested Input value : .001

XFLOWO (L1) 11=1 ,6-—The total blood flow per unit area leavino the chorlo—
capiiliris at a given radial distance .

Units : g.cm 2.sec 1

XPD LK). K=l.KT--The normalized temnerature rise of the melanin granules
at times XT(K). The temperature rises are normalized to the average
temoerature rise that would occur if the melanin granules were not
present. Therefore, if the effects of the melanin granules are not
significant , the values for XPD(K) will be 1 .0. XPD(K) values are
printed in consecutive order for each time that temperature rises
are printed.

Units : unitless

XT(K). K=l~KT--The time following the start of an exposure.

Units : sec

7--In the program Output sections Temperature Rises , Predicted Threshold
Laser Power, and Radial Extent of Damage, Z Is the axial depth from

-
~~ the anterior boundary of the pigment epithe lium at which temperature
- rise and/or damage predictions are printed . Positive and negative

numbers indicate axial distances posterior and anteri or, respectively,

31.
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to the boundary of the vitreous humor and niament epithelium. In
the Grid Information output section, Z is the axial distance fromthe front of the cornea to the individual arid points .
Units: cm

ZII(I), 1=1 M——An axial distance from the cornea to points located half-
way b~’tween the axial arid points Z( I) and Z( I+1).
UnIts : cm

ZM——Hal-f the length of the z-axis of the modeled eve.

Units : cm

ZO——The distance of the pupi l from the nearest l aser beam waist . It must
be a positive value; i.e., only di verging beams are aonl ’fcable . ZOIs required only when the soread function is used (IFIL=1).
UnIts: cm
Suggested Input value: 2*RIM/full_ar,qJe divergence at RIM , ang le

in radians.
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TABLE A—3. THICKNESS OF OCULAR MEDIA*

Thickness In cm
Code Eye media Monkey Man

TAV Cornea 5.16.10 2 5,86.10.2
Aqueous humor 2.9.10—1 3,,1.1O..l
Lens 3.5.10 1 3.6•l0’~Vitreous humor 1.157 1 .697

TPE Pigment epi thellum l.2~10~~ 1 .4•10’~TVL Chorlocapillari s l.0’i0’~ 1,2~lO’~TCH Chorold 1.68,10—2 1.42 10.2
TSC Sclera 1.0.10.1 i .n.ir 1

S 
- 

*F~~m Takata, “Thermal model n-f laser-induced eve damaae.”

TABLE A-4. PARAMETERS FOR COMPUTING TIME INTERVALS*

L NPT(L) CT(L) KTT(L) L NPT(L) XCT(L) KTT(L)

1 1 1.2 47 20 39 1.15 55
2 3 1.2 47 21 40 1.15 56
3 5 1.2 47 22 41 1.15 57
4 7 1 .2 47 23 42 1.15 58
5 10 1.2 47 24 43 1.15 59
6 14 1.2 47 25 44 1.15 60
7 18 1.2 48 26 45 1.15 61
8 21 1.2 48 27 46 1.15 62

- 9 25 1 .2 49 28 47 1.15 63
10 28 1 .2 49 29 48 1.1 64
11 30 1 .2 30 49 Li 64
12 31 1 .2 31 50 1.1 65
13 32 1 .2 32 51 1.1 66
14 33 1 .2 33 52 1.1 67

- 15 34 ‘.15 52 34 53 1.1 68
16 35 1.15 52 35 54 1.1 69
17 36 1 .15 53 36 55 1.1 69

- 18 37 1.15 54 37 56 1.1 70
19 38 1.15 54 38 57 1.1 70

*From Takata, “Thermal model of laser-Induced eye damage.”
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TABLE A-6. ZERO—ORDER BESSEL FUNCTION*

Zero Order Zero Order
L Bessel Fn JOtLI I Bessel Fn JO(L)

1 1.00000 17 .45540
2 .99750 18 .39798
3 .99002 19 .33998
4 .97762 20 .28181
3 .96039 21 .22389

.93846 22 .16660
S 7 .91200 23 .11036

d .~38120 24 .05553
9 .84628 25 .00250
10 .80752 26 -.04838
11 .76519 27 -.09680

-
~ 12 .71962 28 — .14244

13 .67113 29 — .18503
14 .62008 30 — .22431

F 15 .56685 31 — .26005
16 .51182 32 -.29206

*Fr~~ Takata , “Thermal Model of laser-induced eye damage.”

S 

TABLE A-7. REFRACT IVE INDEXES*
Refracti ve Refractive

Wave lenqth index NA(L) Wavelen gth index NA(L)
I nm (WATER) L nm (WATER)

• 1 350 1.357 (not water) 12 900 1.328
1 2 400 1.346 (not water) 13 950 1.327

• 3 450 1.341 (not wa ter) 14 1000 1.326
4 500 1.336 15 1050 1.325

- 5 550 1.334 16 ‘1100 1.324
6 600 1.332 17 1150 1.3235

S 7 (50  1.331 18 1200 1.323
- 8 700 1.330 19 1250 1.322

- 9 750 1.329 20 1300 1.321
10 800 1.32P 21 1350 1.320
11 850 1.327 22 1400 1.320

*From Takata , “Thermal Model of laser—induced eye dama je.”
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S APPENDI X B

PLOT ROUTINE

The plot routine was developed to display two— and three-dimensional
temperature rise profi les as a function of radial and axial coordinates at
selected times . At specified qrld points , the routi ne utilizes card-
punched temperature data that are output by the retinal orogram, and will
generate, for each data set, as many plots as desired . For each plot , the

• user specifi es the physical size of the plot area on the Model 1765 Calcomp
plotter and can view the profi les at any an’ile desired by using a suc-
cession of rotation, scaling , and translation commands .

• The R—axis , Z—axjs , and 1—axis of the temperature rise pl ots refer to• the radial coordinates , the axial coordi nates, and the ter’rnerature rises ,
respectively. The permanent viewing axes (x,y,z) are set up in a riqht—
hand coordinate system with the permanent x— ax is horizontal to the right ,
the y— ax is vertical and up, and the z—axis comi ng perpendicularl y out of
the viewing plane. Initially the RZT axes and the permanent xyz axes have
the same orientation and origin. All rotations and translations are in

S 

- relation to the permanent axes and independent of any previous conwiands.
Good three—dimensional views are obtained by a succession of these commands .

S The input deck for the plot routi ne for a single set of tenperature
data can be separated into two sections. The first section consists of
the necessary temperature data on cards that are punched as output from
the retinal program. The data cards, for each selected time, should be
placed as input to the plot routine in the order in which they are ounched

• with one exception. After the retinal orogram punches the cards contain-
ing the temperature data for the selected times from any one run, it
punches MAX RGV CARD(S) FOLLOW on a conmient card . This is followed by a

• 
S number of cards, equal to the number of selected times (KTYPE) and each• containing the maximum temperature rise. This maximum rise j c used to de-

terniine a scaling factor for the temperature rises . The scaling factor is
• a power of 10 chosen internally to ~ut the maxinum temperature rise in

I the 1—to—l2 range. The comment card (MAX RGV CARD(S) FOLLOW ) should be
discarded. A maximum—temperature—rise card must be placed at the end of
the set of temperature data for each selected time . When cards have been
punched for more than a single selected time ( KTYPE > 1). the end of each

S set of temperature data can be -found by locati ng the initial card of the
succeeding set. This Initia l card contains NRUN , NPULSE, and REPET and
is the only card wi th the format 217 , ElO.4. When only one selected time
(KTYPE=1) has been punched, the only deck manipulation is to discard the

• comment card.

The second section contains the command data for plotting . These
- 5 commands scale, rotate, and translate the axes and establish the viewina

S 

screen for the desired plots. A uniform format for all commands and their
associated parameters is used:

41
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- — 5

Columns Columns Columns Columns
1—4 11—20 21—3 0 31—40
keyword 1st 3d
left-justified parameter narameter parameter ,etc .

To identify the desi red command , a keyword in al phanumeric format is
entered -in columns 1—4 . Parameters , as applicable, are entered as floatina—
point numbers in ‘10-character—wide fields st~rtinn wi th column 11.

• A blank entry Is always read as a floating number with va l ue zero.

Several commands normally precede any others when the sequence of
input plotting commands is set up. The fi rst command, DUM , has no effec t
on the actual niot setun, but requests a summary of all the poi nts in the
data base——with the low, high , and mean values for the R, Z, and T ranges
of data to be printed.

The second command, SCRN, sets up the size and position of the dis-
play area as measured on the Calcomp plotter. Wi thout this command , the

- 
program will not plot.

S 

The thi rd command in the sequence , BOX, scales the object to fit the
viewing area established by SCRN and centers the object on the origin.

S This eliminates los i ng pl ots due to dispari ty between coordi nate magnitudes .

Wi thout any further information, the program would pl ot an Isometric
R—Z view of the object, qiving a plot of the radial vs axial arid points.
Table B— ’1 contains a samole input deck used to obtain an P—I view (radial
vs temperature), a Z—T view (axial vs temperature), and a good three—
dimensional Isometric view . Cards 1 through 17 contain the data and In-
formation supplied by the Retina l Thermal Model . Wi thin this section,
cards 11 throuah 16 contain the actual temperature data to be plotted.

• Card 17 is the maximum RGV value card. Cards 18 through 33 contain the
S individua l plot commands . These can be used with any set of input data

to obtain the same basic results. The plots generated by these conriands
are shown in Fiaures B—l through B—3.

The three rotation commands, PITC , YAW , and ROLL (about the permanent
xyz axes ) are the most commonly used commands to move the object and ob—
tam the desi red view . The command TRAN can also be used to move the
object through a translation relative to the nermanent origin.

In addition to the positional commands , several commands can be used
to scale the temperature rise profi les and change the viewina perspective.

S Two commands (besides BOX) have a scalina effect on the olots: SCAL can
• 

~~
• rescale the R, Z, and T coordinates i ndenendently; and FACT simply blows

up or shrinks all plottin g by app lying the same scaling factor to all
three of the axes. The command DIST, used to determi ne the viewi ng per—
snectivE~ of the plotted object , a11ot~’c the viewer ~ n a’liust his position
and distance relative to the ner~-iancnt origin and to snecifv his distance

I
~i



from the plane onto which the three—dimensional object has been nro jected.
Without DIST, the program assumes an isometric view 1 with the permanent
origin lying in the projection plane. If an enlargenent of a portion of
a plot is desi red, the WIND coniuand is used. This automatically scales
up the area of interest to fill the screen, and the rest of the olot is
cut off. —

To obtain any plotting , the command PLOT must be used. This calls
on the plot subroutine to plot the current view of the object as defi ned
by the previously built — up commands . Normall y , the niot includes all
lines whether or not triey would be seen by the observer of the three-
dimensional object. Tne hidden lines can be dashed or totally removed
by using the command HIDE. The visibility of a line is determined by
the surface norma l vectors entered in the plot file , which can be re-
versed by the command SIGN. After a plot command , a quick reinitializa-
tion of the transformation matrix is achieved by the command REIN . This
erases all of the previously built — up results from the positiona l and
the scaling conrnands.

The sequence of plottin g commands listed in Table B-l is generally
S 

adequate -for plotting temperature profiles ; however , the commands and
thei r sequence can be changed at any time to fit the user ’s desire . The

- list in Table B—i is given as a descri ption of each i nnut command and its
associated parameters and is presented in sequence of genera l usane .

• DUll command-- Requests a summary of the current number of points in
• the data base and of the R, Z, and I ranges of the data . OWl is usually

the first command entered in any command sequence and has no parameters
S 

associated wi th it.

SCRN(A B C 0 Ej command--Sets up the physi cal size of the displa y
area and draws a border around that area for every plot. Without either
this or the window command, the Calcom p plotter will not plot. For each
set of temperature data , the screen command remains in effect and is
affected only by subsequent screen commands . Parameters A and B are the
coordinates of the lower left corner of the screen in reference to the
permanent origin ; C and 0 describe width and height; and E, the fifth
parameter , may be entered to define a three—dimensional rectangular box S

- - wi th E as the depth (units are all in Inches).

BOX(A B C) command——Causes the object being plotted to fill a frac- S

tion of the screen area. The object is first moved so that its center of
• gravity is coincident with the permanent origin and then rescaled from

there to fill a proportion of the available viewinq area, as determined by
parameters A , B, and C. When only A is entered, a sinale scale is applied
to all three axes. If all three parameters are entered, the object is
scaled to fit the A , B, and C proportions of the snecified x , v, and z
screen dimensions res pectively. The parameters are generally set at
values slightly less than unity; such as 0.9 or 0.85.

I
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ROLL(A) crx,inand--Indicates that the object should move counterclock-
wise in the viewi ng plane by an angle of A degrees. The permanent z—axis
is the axis of rotation.

S PITC(A) command-—Indicates that the object should rotate A degrees
around the oermanent x—axls so that the top part of the screen will come
toward the viewer.

YAW (A ) command—-Indicates that the object should rotate A degrees
around the permanent y— (or vertical) axis so that the rightmost portion
of the screen will move away from the viewer.

S t

PLOT (A B) command—-Causes the current view (as defined by BOX , 01ST,
ROLL, PITC , YAW) of the object to be plotted. Parameters A and B define
the relative X and V advance on the Calcomo plotter for a permanent new
origin of coordinates. A and B are i nterpreted as real i nches. So that

-

• the title of the plots and scaling i nformation will be appropriately dis-
played for each set of plotting data, A=12.75 must be on the first PLOT

S command card used . Also , B=O must be on every PLOT command card after
the first so that succeedina plots have a common baseline.

DIST~A B X Y) command—-Adj usts the distance of the observer from the
object. If no parameter or zero-valued parameters are entered, the view
will lie isometric. If both A and B are nonzero, A Is the distance of the

S viewer from tne projection plane and B is the distance of the viewer from
the permanent origin. When A is nonzero and B is zero, parameter A is
applied to both distances. Optional third and fourth parameters, X and V.
may be added to allow the viewer to shift his viewina position wi th re-
spect to the z—axis. (Al l four parameters are in units of inches .~

REII4 command——Reinitializes the object to its origina l position by
unitizin g the transformation matrix . All previousl y built —up results from
roll , pitch , yaw, scale , box, and translation comands are lost.

- 
S HIDE (A) command——Calls for a change in the use of the hidden -line

calculation . Through this calculation , l i nes not normally seen by an
observer of a three—dimensional object may be dashed or removed. If parain—
eter A Is zero, the hidden— line calculation is not used and all lines are
drawn. If A is 1 .0, the hidden lines are removed ; and if A is 2.0, the
hidden lines are dashed. The most recent HIDE command wi ll remain In
effect until it is superseded by another HIDE command .

FACT(A) comand-—Simply expands or shri nks all plotting dimensions
alonq ilT axes by factor A.

SCAL(A B C) conrand--Rescales the current object. If factors B and
C are both zero, all three dimensions are rescaled uniformly by factor A .
In this situation , the commands SCAL and FACT are identical . Otherwise,

S the R, Z, and I coordinates are independently scaled by factors A , B, and
C respectively.

•1
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5 5 5 5

SIGN (A) command—-Used to reverse the sense of the surface normals
entered In the data base. To do this , A should be set equal to -1 .0.

TRAN (A B C) coninand—-~ffects a translation of the current objectposition through a vector (A,B,C) relative to the permanent origin. 4,
B, and C are in terms of inches along the permanent x, y, and z axes,
respectively.

WIND (A B C LI) command-—Used to zoom in on any portion of the current
plot. A and B are the lower left—hand coordinates of the windowed area,
and C and D give the horizontal and vertical extent of the wi ndowed area
In terms of the permanent disp lay coordinates . The windowed area is then
blown up to fill the entire screen area. If the screen command has not
been effected, thi s command acts as a screen with A , B, C, and D having
the same meaning as their equivalents for SCRN. The wi ndow command is
only in effect for the immediately following plot, but can be reactivated

S by entering a WIND card with no parameters. In this case, the previous
S window, with Its parameters, Is put into effect.

It

‘ I
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APPENDIX C

INPUT-OUTPUT PROCESSES

This appendix will provide the user at Brooks AFB with the basic in-
formation necessary to run the retinal model on an IBM 360/65 conmuter ,
and will serve as an example for similar setups. One such computer is

S located at the San Antonio Data Service Center (SADSC), with a remote
terminal at Brooks AFB . The prospective user should be familiar wi th
the required input data cards as outlined in text, Input Requirements
section.

At Brooks AFB, the retinal models (HBRO1RE1 and HBRØ 1PSE2) are stored
on a computer disk library . This elimi nates having to submit and recom-
pile the entire program for each set of data cards. Therefore) in addi-

5 tion to the data cards, only the Job Control Language (JCL) cards are
necessary. These are used to call the stored program and to set un the

S program for operation on the IBM 360/65. Figure C—l is an example of a
deck used to call up a stored program.

Of the JCL cards , the job (JOB), execute (EXEC), and data defini tion
(UD ) cards are required by any IBM 360 operati ng system . The SETUP card

S is requi red by SADSC for long—running programs and prol-irams renuiri ng
- large core. In addition , several of the parameters on the JOB , LXEC ,

and DO cards are control led by SADSC. The following is a list of these
S JCL cards with the parameters and formats required to call and run the

retinal program (HBRO1 RE2) on the computer.

(1) JOB. The job cards identify the beginning of a new job ;
• therefore, they must always be the initial cards in the deck setup . ey

are variable-field control cards, but have certain requirements placed
S on them by SADSC. They should fit the followi ng format:

//HBaaabbb~JOB$(3H~l ,B~2~,cccc,ddd ,eeee,,,Y,ff) , ‘HBqqgqqql~R$hhhhhhhh ~~,

//$CLASS~H,PRTY=5,MSCCLASS=A,MSGLEVEL=(2,~)

The parameters that are variable, depending on the user and the
S job being run, are represented by the lowercase letters above and are as

follows (
~ must be blank):

aaa  - Unique user code assigned to each user for identity.
- 

bbb — Up to 3 alphanumeric characters (pl us t~, # , and $ when
desired ) assigned by the user to identi fy the job. This and the user
code, together, make up the job name.

~
. 
:~~ 
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cccc — Job execution time in minutes . This is the total
estimated time for job execution--the sum of the central processing unit
(CPU) time , wait time , and input/outout (I/O) time requirements——and may
consist of up to 4 digits . Details on the SAUSC job class requirements
(set forth later in the sequel ) will help the user arrive at a suitable
time estimate. A suggested time estimate is 1.5 times the amount of CPU
time entered on the EXEC card.

ddd - Estimated output line count (in thousands of lines),
consisting of up to 3 digits . It is recommended that this value be set
at 9 and changed as experi ence dictates. SADSC operators will automati-
call y cancel the job if the specifi ed line count is exceeded by 9000.

eeee — Estimated card count (in hundreds of plot data cards
to be punched), consisting of un to 4 digits. A card count based on an
average of 30-40 plot cards for each set of ternoerature rise values cor-
responding to a selected time is recomended. SADSC operators will can-
cel the job if the card count is exceeded by 3000.

ff — Maximum number of lines to be printed per pace. This
S may consist of up to 2 digits , up to a value of 61. To fully utilize

the output naper, the value of 61 is recomended.

S gqgggq — Cost—accounting code associated wi th the particular
S - work unit under which the ,job is being run. If this code is less than 6

characters , it must be left—justified , wi th @ signs actino as fill char-
acters on the right to complete the 6—character subfield.

hhhhhhhh — User ’s last name. Up to 8 alphabetic characters
may be used.

The cost—accountina code is the only i tem renuirinq its associ-
ated subfield to be complete. When not used to the maximum , other sub—
fields should be closed up to include only that portion being used. All
other parameters and values on tne JOB cards sho~1d be included and left
as they are. However, the time requirements may necessitate a change in

S - “CLASS= ” designation as set forth later in the sequence.

(2) COMMENT. Cards having //~ in the first three columns may S

be used as comment cards to supply i nformation concerning the program to
the user. They should be placed after the JOB cards but before any data
definition cards. They have no effect upon the runnin a of the program.

(3) SET’JP. Special resources renuired durina job execution are *

indicated by the setup card . It is listed on the comouter console when
the job enters the system , alerting the SAOSC computer ooerator of any
requirements for large amounts of CPU time and/or core storage. For re—
tinal mod�l RE2 , the format for this card Is:

/*S[TUp$$$~~ $~S376K CORE RO!), aaa CPU ~4 iNS ’

k

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ 
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Columns 8—15 on the card should always be blank , and the messane must he
in quotes . The number of CPU minutes denends on the number of data sets
being run and the data itself . A trial value of 1 minute for each NRUN
set of data is suggested. For 4 sets of data , the CPU time would be 4.
If CPU time limit exceeds 10 minutes , the job should be submitted as two
or more jobs.

(4) EXEC . The execute card tells the computer what tvoe of
action the user ~-iants on the source or data deck which will follow . For

~
E2, the EXEC card has the follow i ng format:

//STEP1$EXEC$FORTGO,PROGRAM=HBRØ1RE2 ,REGION .GO=376K,TIME.GO=aaa

This card identifi es the GO step as the stea to be executed . Thr GO step
calls for execution of the proaram named HBRO1RE2, which has been compi led
in FORTRAN IV lanquaqe. This card further requests a core size of 376K
and sets a CPU time limi t (aaa) on the execution of the Gfl step. This
time limi t should equal the time requirement quoted in the SETUP messane. S

If either the core size or the CPU time limit request is exceeded , pro-
gram execution will be terminated . 

S

(5) DO. The data definition cards basically supply the computer
wi th descriptions of data sets. Two such cards are required in core

S 
loading and running the RE2 program. They are as follows :

//STEPLIB~4DD$DSrI=SYSl .TESTL IB ,DISP=SHR
- S //GO.SYS IN$DD~~*

The first card identifies the system library (TESTL IB) in whi ch the nra—
gram mentioned in the EXEC statement is stored . The second card identi-

S 
fies the cards which follow it as data cards for the GO step .

(6)  DELIMITER (/* )~ A card with /* in the first two columns
(referred to as a delimiter card ) must follow the data card deck. It

• serves as the end—of—file card for the card deck.

- - 

‘ Occas i ona l ly, the user may need to recomnile the procram (RE2) and
restore it in the computer library. To do this with a data run would
require a deck setup as in Figure C—2. The JOB , SETUP, EXEC , and ‘JO
cards require some changes and additions :

(1) JOB. The only change required in the job card for comp ilina
- 

S and running the RE2 proaram is in the estimated job execution time . The
usual total estimated job time should be increased by 2 mi nutes in order
to satisfy compiler and linkage editor time requirements . S

(2) SETUP. As on the JOB card , the addition o~ compiler andlinkage editor time requirements necessitates an increase in the quoted
CPU time requirement. The usual time renuirement quoted on the SETUP
message for running from the disk library should be increased by 2 mm -
utes to satisfy the extra time requirement.

5
~r
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(3) EXEC . To compile and run the RE2 program, the execute card
has the following format:

//STEP1~EXEC$FTG1CLG ,REGION.FORT=l64K,REGION.LKED=1 14K,REGJON.GO=376K,
S //ØTPIE=aaa

This card i dentifies FORT (FORTRAN), LKED (linkaae editor), and GO
(execution) as steps to be executed. The FORT step compiles the program,
the IKE!.) step edits and stores the program, and the GO step executes the
proaram. The card requests core sizes of 164K for FORT, 114K for IKED,
and 376K for GO; and sets a CPU time limit (aaa ) to accomplish steps
FORT, LKED, and GO. This time limit should be equal to the time reouire-
ment quoted on the SETUP messane.

(4) OD. Com~iling , storinq , and running the RE2 program renuiresthree data definition cards. They are formatted as follows:

I/FORT. SYSIN$DD$*
//LKED.SYSLMOD$DD~DST4=SYSl .TESTLIB(HBR~1RE2) ,DISP=SHR//GO.SYSIU$DD~*

The first DO card identifies the cards that follow it as source cards for
the FORT step. A delimi ter card follows the source, or program, deck.
Immediately after the source—deck delimi ter card, the second DO card di-

S 

rects the comouter to store the orogram in system library TESTLIB under
the name HBRØ1RE2. The last iJD card identi fies the cards that follow it S

as data cards for the GO stem . A del imi ter card Is at the end of the
data deck.

The SADSC IBM 360/65 computer system has a scanning orocedure in
— operation to detect JCL card error. Detection of a single JCL error by

the scanner terminates further processing of the job. One such error
detected is a job class error. Job class is determi ned by use of core
requirements and CPU characteristics. Specificall y , the ratio o esti-
mated job time (on JOB card) to the time renuest entered on the EXEC card

S is considered as >2:1 or <2:1, and the job is considered I/O bound or
CPU bound accordi ng to these ratio values . The user selects the oroner
job class by usinq the followi na table of ~job class requirements:

• Core requirements >2:1 <2:1 J
0

Max Region < 74K (DEFAULT) B b S

75K Max realon ~ 150K C 0 C
— 

1

l5l~ ~ Max region < 300K E F a
S

301K < Max region G H S
e

Special classes not verified O,N,T,J O,N,T,J s

‘ 

_

~ S~ 
-
‘/l
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If the user wants to run the RE1 proeram, which uses the MXGRAN sub-
routine, the following changes must be made:

(1) The name of the pronram channed from HBRØ1RE2 to HBR~1RE1 .

(2) The core requirement for execution (t~O) increased from 376K to
436K on both the SETUP and the EXEC cards. All other narameters would he
used as outlined for the RE2 nrnnram .

The niot routine is handled in the same manner as the main retinal
pronramn and is stored in the computer library; therefore, it has the

• same basic JCL card setun as has been outlined for the retinal ororiram .
An example of a deck used to call and run the niot routine is shown in
Flaure C—3. The channes that are renuired are:

(1) The name of the pronram is HBRO1PIT.

(2) The core required by the GO stem is 148K. This channe should
be reflected on the SETUP and E/EC cards.

- 5 (3) For normal running , FORIGO on the EXEC card should be replaced
b5y PLOTGO. For compiling , the equivalent of FTG1 on the EXEC card is
PLOTG, and the core reauest for FORT should be REGI0N.FORT=l2~K.

(4) The TIME.GO entry on the EXEC card should be aparoxina tely 0.05
times the number of pl ots desired .

5 
(5) Set both estimated time and line count to 10 on the job card , and

adjust as exoerience dictates. The number of cards to be punched should
be set to zero.

(6) The ratio of estimated job time (on JOB card) to the time re-
auest entered on the EXEC card must be evaluated to determine the nrooer
5job class as outl i ned above. This is controlled by the parameter
“CLASS ” on the JOB card .

(7) A delimi ter card goes at the end of each set of data. S

(8) For a single data set, a DO card (//GO.FTØ5FØ~2VDfl~*) must follow
the data—set delimiter card and , in turn, must be followed by a delimiter

S card. For multi ple sets of data to be run for any aiven job , a 00 card
having the following format must precede each data set subsequent to the
fi rst set:

//GO.FTØ5FaaaVDD$*

A 3—digit number (aaa) indexes the sets of data in sequential fashion ;
• for example, aaa=O~2 for the second set of data (TIMEX(2)J, aaa=003 farS the third set [TIMEX(3fl, etc. A DD card of this format must also follow

S 

the last data—set delimi ter card and must have the oroner i ndex number for
an additional data set, but with a delimi ter card following it.

55
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The computer terminal and its related facilities at Brooks ~FR are
controlled by Biometrics Division of the USAF School n-f Aerosmace

S Medicine .

Before running any lobs, the user should familiarize himsel f wi th
S the area where card decks are submi tted and returned and output Is nicked

S up. Two tables serve these nurposes. Decks to he run are nlacpd in the
tray on the i nput table. Also on the input table is a lon sheet on which
the user must record each lob submi tted, and small munch/plot cards which
must be filled out and placed with the card deck whenever munched cards

S or plots are exnected as Output.

All output, whether orinted , plotted, or munched , is placed on an
output table. Card decks which have been run are niaced in trays on this
table , wi th each tray filed corresnondino to a ranne of user—code initial
characters. The smace on this table is limi ted, so users should nick un
their card decks and output wi thin a reasonable time.

A reguirement for usina the commuter Is havina a valid user code. A
prospecti ve user can get a user code from the director o~’ the pronramers,who can also hel p in identi-fvlnn or settina un the nroper cost—accountina

• codes assigned to di fferent work units . If either of these codes are in-
S valid on the JOB card , the job will not run.

Several commuter-termi nal ooerators are constantl y in the innut/outnut
area. Questions renardina any mart ~f the innut/outnut process and re—

S nuests for assistance wi th any of the machines may be directed to these

- 
operators .

- S

p ~

r~

— 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~S: 
SS

_ _  ______



-5- 5 5 -_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

F - 
‘

1
I)

• -j

—
II 

~ E0 D Z
0 0

(I)Ui /)

— ~~ Ui
I— ~~ U-.

~ 4 C
(.0

Li 0 01
II

o -o C
• D oz D 

~~o ~- 4— .
o 0

S 
Cfl ,— D f l  (.0 41
I, > a .Z~~ 

-

c~~~~~~~~ c 
U

-
E

- 
I

~~~~~ O4 _ i  -.— a. ~~~~

(00 ~~
lt) 0

S O O~~.

~~~~~~~~~

-~

~~~~~~ Cfl~~~ .J (0

p

57

______ S _ S 
~~5_ -5-5~~~

5-5-5
~~~~S ~~~~~~~~~~~~~~~~~~~~~~



I ’ )-
0 ~

0 -
-

I laJ Z —
U) (0 0
II D (~ 

C
a. ( ,4 ~~~~~~U) 

~~ U Li 41
a I-

-~ ~~~~~~~~~~~~~
S (~J 

~~
• I-

• Li — C
II ~~ 3

3 0 
~
_ 

S..

~~ ~~ c~2i

I-

I- ~~ Z -j ~~~~ 
U

S U-

S ‘4-
— S

(1) I— t~~ —

II 
U~~~ - V

2 owa~~g

-
S 0 o~ (0

O~~

41
- 0 Ui 

S —
0

0 a 0o
- 

0~~~ ~~ 4 O~~~
- z-J J~~~~ 0(0  (0

- -U) * o W
• 0

S * 0
S •~•• . 0 Z ~ UJ >.. pr~

~~-, _SS.•
_Sj 

(fl W )( ~~~~~~~~ 
3 4 ;

• uI
~~ 

4 0

H; ~~~~~~ . — L ~~~~~~~~~
’

- S

I—- •%

~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- I~

- • — 
~~~~~~ — 5 5 5 ~~~~ SS~ - 

5 - -  S~~~-- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — - — S-_  -5--- -5--- -- ~~~5-~~~~~~ S~~~~~~~ S5. 
-~~~



X~~~-~~~~~~~” -,- U
(0 .JZ-~ 

41

* ~~~~~ L 0 >. U
— 410 

I—
0 

:JS~~~~~~4
0~

So I 4 0 ,o
0 U)

~~~Q u,,_ (0
0 (fl

0
S 0 .-~~~ 0_ J -

C c~j

S 

0 Z~~~’~ — 3

0
0a.~~~~~~_) 

U-

0 0
~~~ ~~~~~~~~

S ~%~~~~~~~~ 0 Z
0 W ~~ tD

0 - )( 0

S ~~~~~~
-,••

W Q-:,u)-J
S •

~~

•‘

~q

~15~~~~~•~

-

~ 

~~~~~ _S—S
SS

S S 5~~~~ 555. 
- S_— - S S - — S.-. - —— — —- -

— s~~ 5- __- 
— --5 -5--- - 5- 5— - —5-—--



-5 - - --

- 5_5~5~ __55_ - S ________________ - ~~~~~~~~~~~~~~ ~S — S 
~~~~~~~~~~~~~~~~~ 

—

P~~~Dtt,o PA~Z~.*ANK..Ncyr 7IU~ED •

- —-5 - - ‘.
~~ — — - —

APPENDIX U

PROGRAM LISTING

i t

I 61

tS 
1

__________ - ~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ L~~~~. 
~~~~~~~~



C E E T I N A L  MO r S EL I.ZTRI i~i .1O OOC 1
C V F F S O N  1 1~ NOV 1 975 r , E 1 c u ~~r 2
C MP ~~~;1:fl~-~ A N D  ~A (~~ PF~~DICTI~)N S IN AND AbOUT E- ETIN!~ CAU S:b BY LA S F 1~r 1CC Q~~j

N~~W 
r .S T~~4r (}F~~~ T I I L L S  AND GR OUPIN G S OF INFORMATIO N PE10~~OC4C U 1 I L L ~ ~ GU~~~OUTIrE PxG:~ N P~~1fl~~O0S

C - F 1 C ~~ O6
COMM )~ A ( , 3),AP .AAV -,A CH ,A P~!,A SC ,ATS ,AVL ,B ( l 4 .3),BB,gV(lLI ,3 ) ,  ?E100C’~7

1Co~~X (e- ) ,~~.1N (29) ,CUT ,DFL O~. (6) ,DP TJ LS E ,DR ,PT ,DTX ,DZ ,FL ,H~ ( 1~ 4 )  , P 1O cOO ~
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~E10O0G93I~’V , V~~~~~,JVL ,LIt~,LPA ,LPL ,LPE,LPS,LPV ,LPX, L MA X ,K ,K N ,KT ,!~,M1 ,M 2 , PE 1CO O 1O
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ FF 1GOO 11

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

7xp D (12O) ,x: (12U) ,Z(29),Z D ( 9) , ZM ,FLOwI (1~~) , FLowX (14),Prp:L ,S IGMA , ~~~1OO (’ i~.

~Ip~~T ( 1 ~~) ,I I 1 ,A (~E2 ,I N : ,Z3,~~LO ,CA BFB ,CA B FP2 ,rP ,PC ,NB,NC ,Fc ~:iOooi5DIN NS IQN C ( C  (1~~) ,CX P ( 29) ,OA~~AG E (2 ,L )  ,DXC ( 14) ,DXP (29 )  ,F~~I~~F ( ~~9)  , F: 1( S. S
~
’t 1~~~

1F X C  ( 1  ~) , 
FX ~ (29)  ,it ( 2) 0 )  ,J)  (~~3O)  ,~~T: (3H) ,Np: (~~) ,N P ~~LSF (7) , NFU N (7)  ,~~ ~~‘ C~ 0 1~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~S 

~V x X ( ~~~ , ’ , V Z ( 2 7 , ,8 ,2 ) , Z T ( B ) ,Z T -~’ ( b ) , z T X ( B ) , s A V F G v ( 1 f l )  h F l 0 0 0 l 9
R E A L  L _ ~~I C N  R I  I i~~~~~~2f l

F O F N A f ( 1 0 F 7 . 3 )  1 -E 1 3 c 0 2 1
~ F OP !~A T ( F 7 .~~, 3i 7 )  ? F 1 0 0 0 2 2

£4 F O R M A T  ( 1 1 F ’ . 2)  B F 1 0 0 0 2 3
~ F O F M A T ( 1 0 1 7 )  B~~1OOO2 ~ S

F 0 P M A T ( F 7 . 2 , :7 , 2 F 7 .2 )  F E 1 O ~~’~25
7 F o R M A T ( 1 ~~~ 7 . _ )  R F 1 0 0 02 h

S ~ - Fo~~M ;4 T ( : 7 ,~~!~ ? .2 )  F : 1 0 0 3 2 7
~ FO F M A T (~~7.~~,2I7 ,F7 .2) FE1 C 5~02~3 00 F~~A L~(5 ,~~,E’~~~2C)0)(F IME (L) ,L=l ,36)  P~~10OO2 ’

Rt10 00 3 
S

PE1000 3 1
.r~~P(5,?) ’PX ,LI?1AX ,M A X P k ~r ,L~~SION ~F1C0032

~~ * *‘  ~~~~~~ V A L J~~ F 1 ~~ i~ 
M T  ~~~~~~~~~~~~~~~ AND DR F~~100O33

M:F ~~T= 0 PE1 ’~3~ 
S

N l = ~ B F 1C O3S
N = N 1 + 9  F E 1 C O C 3 ’ 3
NJ N+ 1 P!100 ’37
NL~~N1+ I P 1C’~03 8

F~~l C O D 3 ~S 

~ P L F S I O N / L
¶ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

S TP~~(~~,7 )DPUL SE P:1C ’ U L~2
r . F A D ( 5 , S ) N ~~E S T , (N i UN (L) ,I.=1 ,NTEST) R~~1OO3U 3

~ A 1 (5 , 7 )  ( I F P E T ( L )  , L = l ,N T r S T )  R E 1 0 0 0 U L 4
~ E A J ( 5 , ~ ) ( N P U L S E ( L ) , L l , N T E S T )  F E 1 O 0 O L i ~,

S AD(r~,S)Ir1 ,ID2 ,.JP1 ,JD2 ,ITYt’~
LPX= I PE 1OOO L~7
IF(NTFSf.E Q.l .AND .NrULsE(1).~~Q.1)Lpx=O FE1000L4 8
YDPU L S~~DPtJLSF R11000 L4 9
X X Q r l .
r F ( D p U L S F .c , 1 . . 3 ?_ 8 ) Go  :‘o 10 F F 1 0 0 0 5 1

C ~~~ A D J U F I  P O W F ~ /5 Pd) P U L S L  WIT ): H FO F E X P O S ~J R E S  W I T H  P U L S I  S LESS T H A N  P 1 lOOr ’52
C ~~ . 3 F t ~ S r C  RF100(f l

S 
X~(Q .3E..P/DPULSE
POW POW DPULS!/.3F H p~~i0 ” o c c

S DPULS E~~. ~~
5- 

~
- -  • :c. : s~

I ’~ ‘~~~~~
S
,(.I) 1,~~~~ ’.
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UEAD(S,4 ) T O M ,APL ,AVL ,AC H ,ASC ,AT S 1 RCO ,RRT ,RSC ,RPF, W AV L L Ftl000Sa S

R EA D( 5 ,i~) T A V ,TPT ,TVL ,TCH ,TSC,RVL RF100059
AA V —ALOG (TON)/TAV RE 1 000ba
REA D (5, 4) (CONX (L),L=1 .6) SF100061
READ (5,4 )  (VSHX(L) ,L 1 ,6) SF100062
READ (5,5) (NPT(L) ,L 1 ,38) SF100063
READ (5,2) (XCT (L) .L~~1,38) RE1 0006 4
REA D( 5 ,5) (KTT (L) ,L=1,38) SF 10006 5

C ~~“ COMPUTE DT ,KM ,KT ,NP,PTIME,TIME, AND XC SF100066
L1=ALOG (DPULSE)/.69315+29. 51100067
IF(L1.LT.1)L1 1 S FF 100068
IF(L1.GT.38)L1=3b FF100069
IF (LPX.EQ.1)GO TO 11 FF100070

c “ ———SINGLE PULSED EXPOSURES SF100071
XC XCT (L1) SF100072
NP=NPT (L1) SF100073
Kr—KTT (L1) - RE100074
DT=DPULS!* (XC—1. )/(XC**NP—1.) S FF100075
T I M E = 0 T  (XC ~ * K T — 1 . ) / ( X C — 1 . )  FF100076
GO TO 13 FF100077

C “~~ ———MULTIPLE PULSED EXPOSURES SF100078
11 XC 1.4 SF100079

N P 5  S F 100080
X1~~0. FF100081
DO 12 L 1 ,NTEST SF100082
Ir (xl.LT.NPULSE (L)/FFPET(L))x1=NPULSE (L) /REPET(L) I~~100083

12 CONTINUE FF100084
T I M F = F T I M E ( L 1 ) * X 1  51100085

S 
DT~ DPULSE* (XC—1.)/(IC**NP—1.) SF109086
KT=ALOG (l.+TIME* (XC—1.)IDT)/ALOG (XC)+l. SF100087
PTIME=DPULSE /NP FF100088

13 KT KT +1 SF100089
KN=NP +1 FE100090
I P ( K T . G T . 1 1 9 ) W F I T L ( 6 .1 4) I ( T  FF100091

11. F O F M A T ( 1 H O , 3 N K T = ,13,21,22 }(TIME D I M E N S I O N  TOU LOW) SF 100092
F ( K 2 . G . 119) STOP S F 10 0 09 3

C CALC .  DZ A N D  I IN D I CE S  P E 1 0 0 09 U
M1~~b R~~1O0O95
fl=2~~M1+ 16 - F E 1OC O 96
M2 M/2 PE100097

RE 100098
• I P E M 2 — M 1 + 2  FF100099

0Z ’ P E/ M 1— 1 . E— 2 5  PE100IOO
1PA 2 FF100101

C •
~~~~ STORE AXIAL DISTANCES TO INTERFACES OF E Y E  - 

FF100102
ZD (l) 1.E—25 FF100103
ZD(2)=TAV FF100104
ZD(3)=ZD(2)+PPE*TPE FF100105
7D(4) ZD(3)+ (l.—RPE)*TPE Fr100106
ZD(S) ZD(4)+TVL FF100107
ZD (b) ZD(5)+tCH RE10C108
ZD(7) ZD(6)+TSC FF100109

S ZD(8) ZD (7)+10. FF100110
S CALL GRID RE100II1

WVL ZLPV—IPV +1 Ff100112

~~ ~~~-- CALCULATE AND STORE 1,3 INDICES A! WHICH TEMk~ERATUEES ARE PRINTED FF100113
101 1D1 +IPE FE10011Ii
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ID2~~I ~2.IPE FEb 01 1~IF (ID1 .LT. ~i~A) IDirIPA RE1001 if)
T F ( I C 2 .~~T .~1 ) i D 2 = f l  SF100117
IF (JD2 .GT.N)JD2=N PE100118
TF(IPFT (1).FQ.C)GO TO 23 SF100119
W P I T E ( 4 5 ,15) I D I ,:D2 ,JD 1 ,JD2 - SF100120

15 FOF M A T ( 1 H 0 ,DX ,4h1D1= ,13 ,3X ,L4H1D2 ,13 ,3X ,4HJD1 ,12,3k ,1*HJD2= ,12) SF 100121
WRITE (6,16 )11 ,DZ FF100122

16 FO~~M A S r ( 1 : 1 O , c x ,3 H D } = , !11.4 , 2X ,3 H D Z = ,E 11 . L4 ) F F 1 0 0 12 3  S

W P I T E ( 6 ,17 ) IPA ,IPC ,IPE ,IPS ,IPT ,IPV ,LPA ,LPC ,LPE ,LPS ,LPV 5E10012’e
17 FOHSAT (lHO ,5x ,4H:FA= ,13 ,2x ,481PC= ,13 ,2X ,4HIPE= ,13 ,2X ,4HIPS= ,13 ,2X ,5E100125

14HIPT= ,I3 ,~~X ,4HIPV= ,I3/1H ,5X ,4HLPA= ,13 ,2X ,I4HLPC ,13 ,2X ,L4HLPZ ,13 ,5E10012b
22x ,4HLP~ = ,:3,2x ,4HLPV= ,I3) SF100127
WRITt (6 ,.-2)M ,M1 ,N ,N1 REIOO12R
FO RM AT (1H0 ,5x ,2HN= ,12,2X ,3HM1= ,12,2x,28$= ,12 ,2x ,3HN1= , 2) FF100129 S

W P TE (6 ,18) (F (J),J=1 ,N3) FF100130
1R FOBPIAT( 1HO,5X ,2H8= /(1H ,5X ,10F8.4)) ?E100131

WFITE (6,19) (Z(I) ,I=1 ,M3) 5E100132
1~ F O R M A T ( 1 H 0 ,5X ,~~HZ=/(1H ,5X ,10F8.4)) FF100133
23 DO 20 L1=1 ,NVL 51100134
20 IBLOO fl(L1)~~IPV +L1— 1 SF100135

c ~~-‘ CALC. NORMALIZED LASER PROFIL FS——— SF100136
DC 21 L=1 ,N3 RE100137 S

~1 HP (L) =O. RFlOOl3q
pox=pow RE100139
C A L L  IMAGE SF100140
DO 27 J=1,N 3  SF100141
DO 27 I=1 ,M3 FF100142
V ( T ,J )= 1 .E—10 S SF100143

27 3 ( I , J ) = 0 .  F F 1 0 0 1 4 4
i . : A D ( 5 ,2 ) s H B ,x F L o~~,c FLow S F 100145 S

c ~~
.. SET BLOOD FLOW ~~~~~ ENIERIN G AND LEAF ING VA~~CULAF L A Y F S R  AS RE100146

C ~~~~ FUNCTION OF i~AT’ AI DISTAN CE FF100147
X 2 = C F L O W / ( j . 1 4 1 6 * F V L * ? V L )  - FF 100148

S 
DFLOW(1 )=0 . 5E1001 49
X4=O. SF100150
DO 30 L 1=2 ,6 SF100151 S

X 4 = X~~+ .1 SF100152
3~. D F L O ~~( L 1 ) X L ~ 5E 100 153

Do 3 1 L 1 1 ,f) FF100154
x F L S ) W r ( L 1 ) ~~ x 2  P~~1O01 5 5

5 3 1 X F L O ~~ ) ( L 1 ) ~~ X2 F F 10 0 1 5 6
DO 34 I= 1 , M3 F F 1 0 0 1 5 7  S -
DO 34 J 1 ,N3 - F~~10015F

34 V C ( t ,J ,1) = L : - — 1 0  S F 1 0 0 1 5 9
X L O W = X X *~~ ) W  S F 1 0 3 16 0
PF.~D( 5 ,~~) K T Y ~~~O • 0T100161 S

READ(5 ,8) K Y D ~ FE’ 00162
L 1=KTYPE F E 1 0 0 1 F 3
tF ( KTTP~~.E Q.C )L1=1 FF100164
R E A D ( 5 ,7)(TIMEX (K) ,K 1 ,L1) SF100165
R F A D ( 5 ,~~)II1,II2 ,II3,JJ1,JJ2 FFlOOl6o

C •~~~ STA RT O F T F M P ! F ~A T U F E  CALCULATIONS FOP ONE PULSE. TO OE USED EITHERFF100167
C ~~~~~ FOR MTJL~~~PLZ OF SINGLE PULSED EX 0OSU~ ES ~i~100168

S - C R?100 1b-~
X T ( 1 ) ~~ ’D.
TTX=rr r:’0~~~71
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KTX KT +1 FF100172
DO 36 K=2 ,K T X
XT (K)=XT (K— 1) +DT PE100174

36 DT=XC*DT FF100175
IKX=TIME**EDT1,EDT2 FF100176
IF (IKX.LT.1)I1cX=1 SF100177
XX 2*IKX SF100178

FE100179
IHT=2 ? 100180
ITYPEX ITYPE FF100181
CALL BLOOD 

- 
FF100182

38 D T = X T ( K ) — X T ( K — 1 )  F F 1 0 0 1 8 3
IF(K.GT.Kfl)QP O. SE1001B4
CALL HTXD EP 5 E100 185
I F ( I c . G T .  2) GO TO 4 1 FE100186

S IF(IPRT(2).EQ.C) GG TO 335 SF 100 187
W E I T E ( 6 , 30 1) FF 1 0 0 1 8 8

301 FORMAT (1HO ,13HLASLR PPOPILE) FF100189
IF (IPROF.!Q.0)WRITE (6,302)SIM SF100190

302 FOBMAT (1HO ,5X ,4HRIM= ,E1O.3) 5E100191
IF(IPFOF .EQ.1) ~IoITE (6,303) SIGNA .RIM ,CUT RE 100192

303 FOSNAT (1HO ,SX ,6HSIG NA ,E1O.3,SX ,4HLfIM ,E10.3,SX ,4HCUT= ,E1 0.3) FE100193
IF(IFIL.EQ.1)WSITF (6,304)RINT ,ZO ,FLO,CA BER ,CA BE B2 ,PP,PC ,NB ,NC ,FC, FF100194

1 W A V E L  FF100 195
304 FOI3PIAT( 1HC ,5X ,5HRINT= ,E10. 3,3X,3HZO= ,E10.3,3X ,4HFLO= ,F6.3/IH ,51(, FF100196

16HCASER= ,E10. 3,3X ,7HCABEE2 ,F7.0, 31,3HPP= ,F6.3/1H ,SX ,3HPC= ,Fb .3, RE1CO 197
231,3FJNB= ,F7.3,3X ,3HNC= ,F7.3/1l1 ,5X ,3HFC=,F6.3,3X ,6HWAVE L= ,F7 . 1) F F 1 0 0 1 9 8
IF(IFIL.EQ.1)GO TO 306 FF100199

- IF (IP3OF.EQ.2)WPITE(€ ,305)RINT FE100200
• 305 FOPMAT(1H0 ,5X ,5HRINT= ,E1O.3) FF100201

306 WR IT E (6 ,307 ) QP FF100202
307 F O P N A T ( 1 H O ,5X ,3HQP = ,F10 .3) R E 10 0 2 0 3

W R I T !  (6 ,308) (HP (3) ,J= 1 ,N) F F 1 0 0 2 0 4
308 F O F N A T ( 1 H O ,5X , 3 11115=/( 1H , 10X ,1O E 1 O . 3 ) ) F F 1 0 0 2 0 5
335 I F ( I P R T ( 3 ) . E Q . 0 ) G O  TO 340 P5 100206

W R I T E ( 6 , 309)  F F 1 0 0 2 0 7
309 F O B N A T ( 1 H O , 19 H D A T A  I D E N T I F I C A T I O N )  F F 1 0 02 0 8

W B I T F (6 , 3 1 0) ( F E F E T ( L ) ,L 1 ,N T E S T )  F F 1 0 0 2 0 9
3 1 0  F O F M A T ( 1 H O ,5X ,6 H R E P ~E T =/ ( 1 H  ,5X , 1 O E 1 C. 3 ) )  F F 1 0 0 2 10

¶ W PITF (6 ,311) (NPULSF(L) ,L 1 ,NTEST) FL100211
• 311 FOSMAT(1HC ,SX ,7HNPULSE=/(1H ,5X ,1018)) PF100212

S 
W R I T E ( 6 ,312) A A V ,ACH ,APE ,ASC ,ATS ,RCO ,FBT ,BPIT ,TO M ,AV L ,TAV ,1CH ,T PE , FF100213

1TSC ,TVL ,IGX ,IFIL ,IPFOF,LIM,NTEST ,POW ,XDPU LS ,BIM ,FMAX ,T IME ,CFLO W , F F10021 4
2XF LOW ,S8B ,EDT 1 ,EDT2, DT ,KM ,KT ,PTIME ,XC ,IKX ,AP ,A PE1 ,A PE2 ,IG ,EV L , iF100215
3PUPIL ,TO ,LIMA X ,MAXP FT S FE100 2 1 b

312 FOFMAT (1H0 ,5X , 4HAA V ,F7.1 ,2X ,4HACR= ,F7.0,2X ,4HAPE ,F7.O ,2X ,4HASC FF100217
1 ,F7.0,2X ,4HATS ,F7.0/1H ,5X ,4HRCO= ,F7.4,2X ,4HRRT= ,F7.4,2X ,4 HRP E , FF10 0218
2 F7. 14 ,2 X , 48T0!= ,F7 .4 , 2X ,4 H A V L = ,F7. O/ 1H , 5X ,4HTAV= , E9 .3 ,2 X , 4 H T C H , FF 1  00 2 1 9

S 3E 9 .3 , 2X ,I 4 H T P E = ,E9 . 3 , 2 X ,U H T S C = , E9.  3, 2X ,4 H T V L = ,E9.3/ 1 H , 5X ,4 H I G X = ,12 5E 1 00 2 2 0
S 

- 4 , 2X ,SH I F I L = ,12 ,2X ,6 H I P R O F , 12 , 2X ,4 H L T M = ,12 , 2X ,6H N T E S T = ,12/ 1H ,5X , F f 1 0 02 2 1
~ L 4 H P 0 W = ,E 9 .3 ,2 X , 7 H D P U L S E = , E 9 .3 ,2X , C& HPIM ,F7 .4 , 2X ,5 H R M A X ,F 7 .4 ,2X , 5 0 1 0 0 2 2 2

S 6 5 H T I M E = ,E9. 3/18 ,5X ,6H C F L O W = , Fl. 4 , 2 X ,6 H X F L O W = ,F7 .4 , 2X ,U H S H B ,F 7 . 2 , F F 1 0 0 2 2 ~
72X ,SHED T1 ,F 7 .4 ,2X ,5H E D T 2 ,F7 .4/ 1  H , 5X ,3HDT= ,E 9 . 3 , 2 X ,3 H K N = ,I3 , 2X , F F 1 0 0 2 2 4
TI 3 HKT = , I3 , 2 X ,6 H P T I M E ,E 9 .3 , 2 X ,3HXC= ,FS. 1/18 ,5X ,4R 1K 1 ,12 , 2X ,3 H A P = , F F 10 0 2 2 5
9F7.4,2X ,SHA PE 1 ,F8.2 ,2 1,5HAPE2= ,FR .7 ,2X ,3H1G ,13/1H ,51,I4HRVL , I~F100226
1F6.3 ,2X ,6HPUPIL= ,F6.3 ,21,3HTO= ,F5.1 ,2X ,6HLINAX= ,12 ,2X ,7HMAKPRT— , FF100227
212) FF100228
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~40 I F ( t P i 3 T ( 4 )  . Q . 0 ) GO IC 355 F F 10 0 2 2 9
S 

‘
~5ITF (6, 3 1 3 ) RF10023~

3 1 3  F0RN~~T ( 1 H 0 ,3CHBL 0OD FLOW AND HEAT I)FPOSITION) FF100231
WRI T E (ô ,314) (FL OWI (J),J~~1 ,JVL ) FF100232

3 14  FOF . M A T ( 1 H C ,5x ,6IIFLCWI=/ (1N ,5x ,10E10.3) ) FF100233

~PITE (6 ,315) (FLOWX(J ) ,J 1 ,JVL) F 100234
315 FORMAT (1HO ,5X ,tH FIOW X= /(1H ,5X ,10 E 10.3) ) FF100235

WRITE(6 ,~~1ó) FF100236
31b FOFMAT (1 1I ) FF100237

DO 316 i=:PA ,M FF100238
WRIE (6,317) (S(I,J),J=1 ,N) SF100239

3 17 F O S MA T ( 1 H  ,5X ,2~iS= ,10F8.3) FF100240
Y b  CO N:INU~. Pr100241
3 55 I F ( T P RT ( 5 ) . L Q . C ) G t  TO 41 FF100242

WRITE (6 ,3 19)  F F 1 0 0 2 4 3
3 19  F 0 P M A T ( 1 H 0 , 17H ~~E M I F F A T U R F  R I S E S )  FF 10024 4

JCNT=JD2—JD1 +1 FF100245
S IF (JCNT.GI.9)GO TO 40 FF100246

GO TO 41 FF100247
£4 3  JJCNT=JCNT— 9 FF100248

JJD~~~JD2—JJCNT FF1002 49
JJD2P1=JJD2 +1 FF100250

.1 I F ( I P S T ( 5 ) . E Q . 0 ) GG TO 356 F F 1 0 0 2 5 1
W R I T E ( 6 ,42)XT (K) ,F 5 E100252

40 FOFMAT (IHO ,5X ,5HTIME= ,E1 1.4,3X ,2HK= ,13) SF100253
C ~~~ CALCULATE TEMPFFA IJRE FISE (MATPIX REDUCTION AL G OFITH~S ) SF100254
C COLU MN S( NOR MAL)  FE 10 02 5 5

35t~ IK=1 FF100256
43 DO ~~ IrIPA ,M FF100257

W KX* V SH (I)/DT RE100258
DO £44 J~~1 ,N FF100259
FXC (J) W +CON(I)*B (J ,2)_BV (J ,2 ) * I V( I )~~BB*IAb( ,J) FE100260
I F ( J . G T .  1) FXC (J) =FXC (3) + (CON (I)*B (J,1) 4- BY (J ,1)*IV (I)) C Y C  (3— 1) FF100261
CXC (J)=— (CON(I)*B(J ,3) + BV (J ,3) IV (I))/FXC (J) FF100262
suM= (w_ (A(I ,2)_Bv (J,~~)wIv (I)_BB*IAB(I ,J)))*v (I,J)+A (:,1).v (:_1 ,J)+oE100263

1A(I ,3)4-V (I+1 ,J) +S( I ,J) FF100264
DXC ( J ) S U M / F X C ( J )  F F 1 0 0 2 6 5
IF(J.GT .1)DXC (J)’(SUM + (COH (I)*B(J ,1) +BV (J,1)*IV (I))*DXC(3 1))/FXC(FE100266
13) FF100267

£44 CONTINUE FF100266
S YX=0 . SF100269

DO 45 L=1 ,N SF100270
S J N + 1—L FF100271

V X D X C ( J ) — C X C ( J ) * V X  S F 1 0 0 2 7 2
45 Y X X (I , J ) - =VX FF100273

• DO 46 I=IPA ,M 5 E 1 0 02 7 4
DO 46 3 1 , N F F 1 0 0 2 7 5

46 Y ( I ,J)=VXX (I,J) FF100276

*** ROWS (NORMAL ) FF100277
S C X S ( I P A — 1 ) 0.  F F 1 0 0 2 7 8  S

DO 50 J=1 ,U SF100279
— DO 48 I=IPA ,M 51100280

W=XX~~VSH(I)/DT FF100281
S FXF (I) W + A (1,2)—By (J,2)4-IV (I) —BB*I\B (I,J) +A (1 ,1) 4-CXP (I—i) F F100282 S

CXF (t) —A (I,3)/FXP(I) 51100283

r- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~‘ 0 3 2 R 4
1 B( J ,~~) + R V ( J , 3 ) * I V ( I ) ) * V ( T , J + 1 ) ,. ’
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IF (J.GT. 1)SUM SUM + (CON (I)*B(J ,1) +BY (J,1 )* I V ( I )) *V ( I ,J 1 )  FF100286
DXR (I) =SUM /FXR (I) SF100287
IF (I. GT. IDA) DIS (I) = (SUM+A (1,1) *DIE (I—i) )/FIR(I) SF100288

£46 CONTINUE SF100289
S V1 0. SF100290

DO 50 L IPA ,f~ FF100291
I=M +IPA—L FF100292
VX=DXR (I)—CXE (I)~~VX SF 100293

I V C ( I ,J,K)=VX SF100294
50 V X X ( I ,J) VX SF100293

DO 51 I IPA ,M - R E 1 0 0 2 9 6
DO 51 3 1,N SF100297

- - 
51 V(I,J)=VXX(I ,J) FF100298

IK=IK +1 5E100299
C 4 4 - ’  FECYCLE TFM FEPATU F-E CALCULATIONS FF100300

IF(IK .LF.IKX)GC TO 43 RE1003O1
IF(K.EQ.KM) GO TO 62 FF100302
IF(ITYPEX.LT.ITYPE .AND.K.LT .KT)GO TO 66 FF100303

o2 IF(IPFT(5).FQ.0)G0 TO 357 RE100304
W R I T E  (6 ,63) (F (3) ,J=JD1 ,JD2) PE1003OS

63 FORNA T(1H ,13X ,2ffE= ,9F13.5/1H ,15X ,30H FF100306
1—— ) ?E100307
DO 65 1=1 01 ,102 51100308

S X1=Z (I)—Z (IPF)+DZ/2. FF100309
I F ( J C N T . G T . 9 ) GO TO 57 

- 
REIOC3 1O

WPITF (6,6(4)X1 ,(VC (I,J,K),J=JD1 ,JD2) 5E1003 11
GO TO 65 SF100312

57 W R T T E ( 6 ,6 L 4 ) Xl , (VC(I ,J,K) ,J=JD1 ,JJD2) S E100313
W B I T E ( 6 , c 4 ) X 1 , (VC (I ,J ,K J , J=JJD2P 1 ,JD2) FF1003 14

60. F O R M A T ( 1 H  ,3X , 2 H Z = ,F8.5 , 2X , 1P 9 E 13 . 6)  5E 1003 15
~~~~ CONTINUE FF100316

357 ITYPEX=0 SF100317
66 K K + 1  51100318

S 
I T Y P E X = I T Y P E X + 1  F F 1 0 0 3 1 9

- 
S 

IP(K.LE.KT) G0 TO 38 FF100320
ITYPEX=ITYPF FF100321
I F ( I P R T ( 6 ) . E Q . 0 ) G O  TO 365 F F 1 0 0 3 2 2  S

W S I T E ( 6 ,320) P1100323
320 F O R M A T ( 1 H 0 , 2 8 H N O R M A L I Z E D  T E M P E R A T U R E  R I S E S )  F f 1 0 0 3 2 4

DO 70 K 2 ,KT FF100325
I F ( K . E Q . K N ) G O  TO 67 S F 10 0 3 2 6
I F ( I T Y P Z X . L T . I T Y P E . A N D . K . L T . K T ) GO TO 70 SF 10 0 3 2 7

67 X1= 1 . FF100328
S WFITE (6,3 2 1 ) X T ( K ) , K ,X1 FF100329

S 321 FORMAT (1Ho ,5x ,SHTINE= ,E11.4,3x,2HK= ,13,3X ,6HPOWEI4=;E11.4,5HWATTs) FF100330 
S

W P I T E ( 6 ,63) (F (J),J=JD1 ,JD2) 51100331
JCNT JD2—JD1+1 FF100332
IF(3CNT.GT.9)GO TO 380 FF100333
GO TO 331 5E100334

S 313 0 JJCNT JCNT—o 51100335
J3D2 JD2—JJCNT FF100336
JJD2P1= 33D2+1 SF100337

- 

- 
331 00 69 I=ID1 ,1D2 FF100338

DO 68 J JD1,JD2 FF100339 S

68 Y ( I ,J) VC (I,J,K)/POW FF100340
X1=Z(I)— Z (IPE)+DZ/2. FF100341
I F ( J C N T . G T . 9 ) G O  TO 382 SF 1 0 0 342
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W F I F ( 6 , 6 4 ) X 1 , ( V (I ,J ) , J =J D 1 ,JD2)  F F 10 0 3 4 3
GO TO 6 )  F F 1 0 0 3 4 4

j~32 W R 1 F ( 6 , 64 )  X l , (V (1,3) ,J 301,JJD2) 511003 45
W R I T E ( 6 , 6 4 ) X 1 , ( V ( I ,J ) , J = J J D 2 P 1 ,J02 )  P F 1 C 0 3 4 o

69 C O N T I N U E  P 5 1 0 03 4 7
I T Y P F X = 0  S F F 1 0 0 3 4 1 3

70 ITYPEX=ITYPEX+1 S FF100349
C ‘*~~ R E A D  N O P S M A L I Z F D  T E M P E R A T U R E  R I S E S  TS OF GRANULES FOP .3E— 8 PULSE FF100350
C *~~‘ CAL CULATE NO RMALIZED RISES XPD FOR ACTUAL PULSE FF10035 1

330 F O F M A T ( 1 H 0 , 6 1 H D I M E N S I O N  OF A S S A Y S  A S S O C I A T E D  W I T H  A R G U M E N T  LIJ  IS F F 1 0 03 5 2
1TOO SMALL ) Ff100353

3 FF.AD(5,8)LTMAX FF100354

~ O 71 L 1 1 , L T M A X  F F 1 0 0 3 5 5
71 TS (L1)=1 . 5110035€

FEA D(5 ,2) (TS(L) ,L=1 ,LTM AX ,10) FF 1003 57
CALL MX GRAN FF100358
DO 72 L= 1 ,KT F F 1 0 0 3 5 9

72 XPD (L)=A P*~CPD (L) +1._AP FF100360
R E A D ( 5 ,0.)(DAMAGE (L2 ,1),DAMA G!(L2,2),L2=1 ,2),T ST EA M ,DT STM FF 100361
W R I T E ( 6 , 7 3 ) W A V E L ,T S T F A M ,D A M A G E ( 1 , 1) , D A N A G F ( 1 , 2 ) , D A M A G E ( 2 , 1) ,  F F 1 0 0 3 6 2

1 D A M A G E ( 2 , 2) F F 1 0 0 3 6 3
• 73 FOF’~A T ( 1 H 0 ,5X ,11HWAVELE NGTH= ,F7.1 ,2 HNM ,3X ,7HTSTEAM= ,F6.0,3X ,7 H DAMAPF1 0 0 3 6 4

1GF , 4 F 9 . 0 )  91100365
C ~~~~ C A L C U L A T E  I ,J I N D I C E S  AT WHICH DAMAGE CALCULATIONS ARE T O BE M A D E  F F 10 0 3 6 6

J N O  FF100367
DO 74 J=1 , N FF100368
I F ( R ( J ) . L T . R N A X + . 0 0 0 0 0 1) J M = J + 1  FF 1 0 0 3 6 9

74 CONTINUE SF100370 S

X 1 = O .  F F 1 0 0 3 7 1
DO 75 I=IPA ,M SF10037 2
IF ( V C ( I ,1 ,KM ).GT .X1)IMAX=I FF100373

S IF (VC( I ,1 ,KM ).GT.X1)X1=YC (I,1 ,KM) FF100374
75 CONTINUE FF100375

L 0  FF100376
GO TO (366 ,367,368) ,MAIPRT FF100377

366 LIMAX 1=2~ LIMAX FF100370~
S L I M A X 2 O 5E 100379

GO TO 369 FE1003~~0
3o7 LIMA X 1= L IMAX SF1003 81

LINAX2 LIMAX FF100382
GO TO 369 F F 10 0 3 8 3

368 L I M A X 1 = 0  F F 1 0 0 3 84
L I M A X 2 = 2 L I M A X  F F 1 0 0 3 8 5

369 I D 1 = I M A X — L I M A X 1  FF1003 86
ID2 IMA X +L IMAX2 - SF100387
I F ( ID 2 . G T .2 8 ) 1 D 2 = 2 8  FF 1003 88
DO 76 1=101 ,102 sF100389

S DO 76 J=1 ,JM F F 1 0 0 3 9 0  S

L=L +1 FF100391
ID(L) 1 SF100392

76 JD (L) 3 FF100393
LIJ (1D2—ID1 +1)*JM FF100394
DO 385 LL1S 1,10 SF100395

385 SAVRGY(LL15 ) 0. FF100396
• I F ( L P X . E Q . 0 ) G O  TO 125 ?E 10 03 1?7

f. I F ( L I J . G T . 2 7 ) WF T E ( 6 ,Y C)  5~~10 0 3 Q ~
~ ~ • ,- I F ( L I J . ;T .2 ~~~

(
~c’ ~~ 30’~
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IF(IPBT (R ) .c ).0)GC TO 370 51100400
C “~~ TF~~PFFA ” IJ~~ AND DAMAGE EVAL UAT IONS FOE MULTIPLE PULSES 5E100401
c 51100402
C ‘~~~~ E V A L U A 1 S ~ TEMP E FA TUFE RISES WITI! AND WITHOUT GRANULES FF100403

00 77 L 1 ,LIJ 1~E10O404
:=:D(L) FF100405
J=JD(L) FF1004406
V E ( L ,1 ,1)=). E100’407

S V~~(L ,1 ,2) O. P5100408
7C 77 i ( = 2 , KT 5r100409

• V E ( L ,R ,1)=VC (1 ,J ,K) FE10041O
V E (L ,K ,2) VC(I ,J ,K) FF100 411
I F ( I . N E . I G ) ’ u  50 77 FF100412
V F (L ,K,~~)=XPD (K)*VC ( ,J,K) FF100 413
F~~V E ( L , K ,1).LT..C)VE (L,K ,1) 0. RF10O 41-~

IF (VE(L, K ,2).LT..0)VE (L,K,2) 0. FE100 U1S
77 CONTINUE FE100416

FF100417
X61=ALO .; (XC) SF10041 3

S X S T E A M T S T F A f I  s110o’~i~
3 7C L1 3=0 P0100420
371 L13=L 13 +1 FF100421

X3=D PUL SE+ (BPULSE (L13) — 1) /EEPF 0 (LI 
~
) F 1 10 0 0 . 2 2

W F T ” F ( 6,78)NFUN(L13) ,X3 ,X O PULS ,NP IJLS E(L 13 ) ,RE P LT (L 13)  PF1O042~
78 F O E M A T ( 1 u 0 , 5X , 5 U N r - U N = ,13 , 2X , 1 3 I I T F A I N  L F N G T h = ,E10.3,3 H S E C ,2 Y ,12HPULFF100 424

151 W DTU= ,F1 .3 ,3FiS EC/1H ,5X ,17uNuMB ~ F OF PULSES= ,15 ,3X ,16HF E PETI T FE100 U25
210N 0 A 5 1 ,E1C.3 ,1QHPULSESISEC)
IF (IFIL.FSQ.0)G0 TO 130 FF100427 S

S 4 F I T E ( 6 , 7 9 ) F I M ,L E S I O N  F E 1 C O ~e 2 h
79 F O F MA T ( 1 I I  ,5X ,12Hb FAM RA D iUS= ,r10 .3,2HC~~,5X ,1 4HLESION FAD IUS= ,”1O .F F10042Q

13 ,2HCN) 51100430
GO TO 82 55100431

~ o W P I T F (6 , 8 1 ) F : M ,L E S I O N  RE100432
81 F0RM~~T ( 1 H  ,5X ,13HINAGE PADIUS= , 10.3 ,2 H C N ,SX ,1 41ILESION RAD IUS= ,E10F 100433

1 .3,28CM) 5E100434
82 IF (IPRT(8).F Q.O)GO TO 108 FF100435

TC=1./REPFT (L13) FF100436
NPL=NPtILSF (L13) FF100437

S 
KX NP+3 FF100438

S I N 1  FF100439
63 IF(NPL/IN .LT.20)GO TO 84 51100440 5

I
~~~

IN+2 FF100 441
GO TO 83 FF100442

~~4 X1 =NP L FF100443
INX= .5+X1/TN 5 95100444
L1=ALOG(DP tJLSE)/.69315+29. FF10044
IF (L1.LT .1)L1=1
INXX=FT IME (L1)’INX Ff100447

- - C “ ~ T 0 F .E TIM? FNT EFVAL S AND LOGS OF :NTEPVALS FOE DAMAGE CALCULATION5 FF10044~
F ZTX(1)=PTI~~E ~F10044~

ZT(1) PTIME /2. FF100 450
J ZTT (1)=ALOG (IN’PTINF.) FE100451

DO 85 L3=2 ,NP rr1004~~2
5 Z T T ( L 3 ) ALOG( I N~~PT ME) 95100453

ZTX (L3) ZTX (L3 1)+PTIM S FF1~~0454
ti5 Z T ( L 3 ) = E T ( L ~~— 1 ) + F ~L I M F  F r 1 0 0 4 5 c

L1 NP +1 FF100456
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X 3 =  ( T C — D P U L S ) / ( t ( X — N P )  S F 1 0 00 . 5 7
Z T X ( L 1 ) = D P U L S E + X 3  FF 1 004 5 8
Zr(L1 )=DPULSE +X3/ . FF100459
ZTT (L1) = A L I J G (IN’X3) FF100460
L1 L1 +1 FF100461
DO 136 L3=L1 ,KX FF100462
ZTT (L3)~~~LOG (IN.X3) PE100L463
ZTX(L3 )=ZTX (L3—1) +X3 P1100464

Hb ZT(L3)=ZT(L3—1)+X3 51100465
C ~~~‘ CALCULAT E T E P P E F A T U F E  PISES ASSOCIATED WITH L3 TM T I M E  I N T E R V A L  Ff100466
C ‘‘~~ FOLLOWYN G (L6— .~~)*IN— .5 PULSE FF100 467

DO 95 L=1 ,LIJ  FF 10 0 468
DO 95 L3=1 ,lc~( Ff100469
X1= 0 . FF100470
X2— -). FF100471
L 1 1 +TN/2 SF100472
L 7 1  P1100473

~o7 X3 (L7—l ) TC+ZT (L3) FF100474
S K AL OG (X3’ X60+1.)/X61+1. 5E100475

x5= V E ( L , K , 1 ) + ( X 3 — X T ( K ) ) ’ ( V E ( L ,K G 1 , 1 ) — V E ( L ,K , 1 ) ) / ( X T ( N . 1 ) — X T ( K ) )  F f 1 0 0 4 7 6
- S X1=X1 +X5 5E100477
• X3= (L7—1)*T C+ZTX(L3) FF100478

K=AL OG(X 3tX 6C+1 .)/X61+1 . FF100479
X2=X24VF (L, K , 2) + (X3—XT(K) ) * (VE(L , K+ 1 ,2) —VI (L, K ,2) )/  (XT (K+ 1) —XT (K) ) FF100480
I F ( X 5 .LT..~i001*X1)GC TO FR 511004131
L7 L 7 + 1  F F 1 0 0 4 8 2
IF(L7 .L~~.L1)G0 TO 87 F F 1 0 0 4 8 3

—~~8 V Z ( L ,1 ,L3 ,1)=X1 FF100484
V Z ( L ,1 ,L 3 ,2)=X2 5r100 485
DO 93  L~~=2 ,I N X X  - FF100486
IF (X5.LT..~Y )C1*X 1)G O TO 91 TE100487
X 1=VZ (L ,L~~— 1 ,L 3 , 1) F F 1  00 488
X2=VZ(L ,L~~-1 ,L3 ,2) F E 1 0 0 4 8 9
L2 L 1 + 1  - FF100490
L 1 = L 1 + I N  F F 1 C 0 4 9 1

- I L7=L2 FF1004492

~~ Y 3 = ( 5 7 — l ) * T C + Z T ( L 3 )  5110049 3
K A L O G ( . ~ 3 * X € O + 1 . ) / X t ~1+1. 5110 04494
xc =v: (L,K ,1)+ (x 5~~_XT(K ))* (VF (L,K+1 ,1)_VE(L ,K ,1))/(XT (K +1)_X :(K)) 91100495

S 
x i =x 1 +xs S FF100496
X 3 = ( L 7 — 1 ) * T C + Z T X ( L 3 )  F F 1 0 0 4 9 7
K ALOG(h3’X60+1 .)/X61+1• 5E1004°M
X2=X2 +V~.(L ,K ,2)+ (X3—XT (K))’ (VE (L,K+1 ,2)—VF(L ,K ,2))/ (XT(K+1)—XT (K ))FE10O499
I F ( X 5 . L T .  .0 0 0 1 * X 1 )G 0  TO 91 F F 1 0 0 5 0 0
L7 L7 + 1 PE 1 00501

• IF(L7.L!.L1)GO TO 90 FF100502
91 V Z ( L ,L6 ,L3 ,1) X1 FF100503
93 V Z ( L ,L6 ,L3 ,2) X2 FF100504

L 1 = I N X + 1  51100505 5

DO 94 Lo L 1 , I N X X  51100506
L 8 = L 6 — I N X  FF 100507
V Z ( L ,L~~, L3 , 1) V Z ( L ,L6 ,L3 , 1 ) — V Z ( L ,LR ,L3 , 1) FF 100508

k :~~ ~~ V Z ( L ,L6 ,L3 ,2)=VZ(L .L6 ,L3 ,2)—VZ (L ,L~~,L3 ,2) SF100509
95 CONTINtY FF100510

~ *** DAMAGE CALCULATIONS 51100511
WP ~~TE (6 ,375) 51100512

375 F0~~1A T ( ~~d C 5 , 31~ !P ~~FP C T E D  T P P ~~SM O L D  ~~~
‘S 5 F 9  ~~0 W F -

~~) FE100513

Lr:
~

S 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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TS0~~A M =XST EAM FF100514
X Q = 0 .  F F 1 0 0 5 15

96 W F I T E (6 , 1 3 0 ) T S T E A M  SF100516
DO 1044 L 1 ,LIJ FF100517
1 1D (L) 55100518
J J D ( L )  FF100519
I F ( V Z (L , I N X , NP , 1 ) . L T . . 0 0 1 ) Q D ( I ,J) 1. E + 2 0  55100520
I F ( V Z (L , I N X , N P , 1 ) . L~~. . 0 0 1) G C  TO 104 SF100521
L9 1O.*(.4+~~X P ( ~~.Lc14*DPULSE ))/V Z(L,I N X ,N P ,1) FF 100522
C Q L ~~.1. FF100523
X10=70..(.4+EXP (_ .0014*DPIJLSE)) /VZ (L,I N X ,N P ,1) SF100524
IF(L9.FQ.0)CQ=X10 55100525
LLT=0 FF100526
L G T O  FF 100527

99 DAMC=0. FE 10052 3
L 6 1  FF100529

100 DO 101 L3=1 ,KX 51100530
X3=0. 

- FF100531
I F ( V Z (L ,L6 ,L3 ,2)*CQ.GT.TSTEAM— T0)X3 1 .L+30 FE100532
IF (V7 (L ,L€ ,L3 ,2)*CQ.GT .TSTEAM_T0)GO TO 101 FF100533
X5C=VZ(L ,L6 ,LJ ,1)*CQ +273.+TO FF100534
IF(150.LT.317.)G O TO 101 SF 100535
X1=ZTT (L3) -+DAMAGE (1 ,1 )— DAMAGE( 1 ,2)/150 8E100536
IF(X50.GT.323.)X1=ZTT (L3)+DANAG E (2,1 )—D AMA GE (2,2)/XSC FF100537
IF(X1.GT.0.)X3 1.O1 FF100538
IF (X1.GT.0.)GO TO 101 PE100539

S X3=FXP (X1) FF100540
101 DANC=DA ~ C+K3 Ff100541

IF(DAM C.GT.1.)0.O TO 102 FF100542
C ~~** I N C R E A S E  TI.~E INDICES AND CONTINUE 51100-543

L =L 6+1 55100544
IF(L6.LE .INXX )GO TO 100 51100545 S

~~~~ ADJU ST LASS. POWE r- TO YIELD TRFSSSHOI.D DAMAGE GIV ES ~CINT FF100546
:F(LGT.EQ.1)CO~~1.02*CQ FF1005 47
IF (L GT.FQ. 1) GO TO 103 FF100548
LLT=1 9F1O0~~’9
CQ 1. 04 ’C Q  9 5 1 00 5 5 0
GO TO 9~ 

2t51050511
- 5

, 1)2 tF (LL ..Q.1)C~~~.9~ ’CQ 9 5100592
5 IF (LLT.E0. 1)GO TO 103 FF100553

L G T = 1  15100554
PE100 555

S 0 ~~ 
FF lC FSSh

1 J 3  ~D (T ,J)=C~~~E5OX FF100957
104 CF~~T 0 N IJF  - F F 1 0 0 5 5 ?

~~~~I E ( ~~,~~3 )  ~ (3) , J = 1 ,J M )  51100559
)O ~7 I= D1 ,1D2 95100560
DO ~7 J=1 ,J~ 55100 5€1

97 XQD ( ,J) 0D (I,J)*XXO ) 51100562
DO lOb :=Ii1 ,:D2 Ps~~OC563
X1=Z( I ) ZS (ii:) +~~Z/2. FF100564
:F (j ~~~.G o .~~- ) o ; L  D F F 1 0 0 5 6 5
W F I T : - (6 , 1 C - 5 ) X 1 , ( X c D ( I ,J ) , J= 1 , J M )
GO 79 106 511005€?

98 WtI (~- ,1 0 5 ) X 1 , (X QD(i ,J) ,J 1 ,9) 55100568
~F T1. (€ , 10 5 )  X l , (XcD(I ,J) ,i=10 ,JM ) 95100569

10 9 FOf1,~T(1U ,~~X ,2 Z r ,F7 .5,1X , 3 N ~~P= ,1P9E13 .t) FL100S’D

5; 
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1O~ cm. - INU F 55100571
X ( X ~~— .~D ( I P~A X , l ) ) / Q D ( I M A ~( , 1) F F 1 0 0 9 7 2
\~~~X2 * X2  F f 1 0 0 5 7 3
: F ( x 3 . L : . . O c c l ) G O  TO 108 5 1 1 0 0 5 7 4

F F 1 0 0 5 7 5
X ç? Q D ( I M A X , 1) 51100576
GO TO 9~ 

- 1~~ 10O 577
1013 I F ( K T Y F _ . F Q . O ) G O  TO 174  S f 1 0 0 5 7 8

C C A L C U L A T E  A N D  S T O E F  ( N U L T I P L  P U L S E  F X P O S U R E )  T E M P E P A T U R E S  FOP 51 100579
C PLOTTI N PFOF ILES sf100580

C 1 . /FEPF7 (L13) 51100581
NPL=N~~U L SE (L 13 )  FF 10 05 82
W F I T F ( 6 ,139) EE100583
DO 123 Ll5= l ,KTYPF 51100584
IF(T:~~Fx (L15).cT.xT(!cT))Go 50 123 FF100585
SGV O. Ff100586
L2=IIMFx(115)/TC FF100587
DTIM F=TIM :X (L15) _L2*TC RF1005~~
1 2= L 2 + 1  FF 1005 85
DO 116 1= 111 ,112 F F 1 0 0 5 90
DO 116 J -J J 1 ,332 F F 1 0 0 5 9 1
X1=0 . 511005q2
DO 113 L~~~1 ,L2 FF100593
K ALOG( (DTIMF+ (L6—1)XTC)*X60+1.)/X61+1. 51100594
X2=(DTIM:÷ (L6_1)*TC_XT(K))/(XT (K+1)_IT(K) ) FF100595

113 X 1=X1 #VC( I ,J,K)+X21 (VC( ,J ,K+1)—VC ( ,J,K)) 55100596
V ( I ,J) X 1 FF100597
L 3 = L 2 — N P L  55100598
IF(L3.LE.0)GO TO 115 FF 10 0 5 9 9
X1 0. 55100600

S DO 114 L6=1 ,L3 PE1006c1
K=ALOG((DTI~~E+ (L6—1 )*TC)*X6O+l .)/X61+1 . 91100602
X2= (DTINE + (L6—1)*TC—XT(K ))/(XT (K+1)~~XT(K)) FF100603

114 X1=X 1.VC (I ,J ,K)+X2* (VC (I ,J,K+1)—VC (I ,J ,K ) )  RE 1006 C L4
S V ( , J ) = V ( T ,J ) — X 1  51 100605

115 IF (V ( I , J )  .G T .  F G V )  F G V = V  (I ,J) R E 1 O 0 b 0 ~
116 CONTIN UF 511006C7

SAV FGV (L15) 9GV 51100608
I P ( K T i PE~~.E (2.1)GO TO 121 FFl0060~- 

S ~R I T F ( 7 ,11 7 )NFUN(I1 3) ,N P U L S ~~(L13) ,R L P E T (L 13) F F 10 0 6 10
117 FOPMA T (2:7 ,:1C. 4) 51100611

Wp IT h(7 ,11i)XDFULS ,wAvEL ,5I~ R E 1 0 0 6 1 2
lid F O F M A T ( 7 E 1 1 . ’-4) 5E 10 6 6 1 3

W R I T E ( 7 ,1l~~)II1 ,I I2 ,I I3 ,JJ 1 ,JJ2 51100614
11~ F O E M A T ( 5 : 7 )  F F 1 0 0 6 1 5

W R I T E (7 , 1 1 9 ) N 3 ,M 3  S E 1 0 O 6 1~W R I T E ( 7 ,1IG) (P (J), J 1 ,N3) FF100617
120 FO F~~AT (10F 8.0.) RE10061~

wR ITE (7,120) (z(:),I=l ,M3 ) SE10O61~
~P I T F ( 7 ,1l 3 )TIMEX(L l 9) FF10062C

121 IRITE (ô ,1L 41 )TIMEX(L 15 ) SF100621
W R I T E  (6 , 6 3 )  (9 (3) ,J JJ 1,3J2) FF100622
JC NT JJ2—JJ 1+ l FF100623
IF(JCNT . ;T.9)r.(l 70 390 51100624

1 GO 10 391 FF100625
2 9 - 0  JJCN T=JCN T— ° 5E10062’)

333 2 = J 2 2 - J J C \ ’  ~~~0 C 5 2 7
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JJJ2P1=JJJ2 +1 FF100628

~91 nfl 122 1=111 ,112 FF10062 9
X1=Z(I)-ZUPE)+DZ/2 . 51100630
IF (JCNT .GT.9)GO TO 392 PE100631
W F I r E ( b , 6 4 ) x l , ( v ( I ,J ) , J=JJ1 ,JJ2 )  F F 1 0 0 6 3 2
GO 00 393 F0100~~33

392 b F I I E ( 6 ,b4)Xl ,(V(I ,J).J=JJ1 ,JJJ2) 91100634
W R I O E ( 6,64) X 1 , ( V (I ,J ) , J=JJJ2P1 ,3J2) ~F 100 63~

~~~S)3  IF(KTYp :O.FQ.1)~~o 70 122 51100636
W R I T ~’(7,137) (V(I ,J),J= JJ 1 ,JJ2) 51100637

1 22  CO~PTIN IJ E FF1006311
- - 123 CONTINUE FE100b3 9

[ G Y r O .  51100 640
DO 3~~~ L L 1 5 1,K’YPF FF100 641

S :F (SAVF GV (LL15) .GT .i- 5.V) ~GV=SAV 1GV (LL15 ) FF100642
3 9 9  C O NT I N U F  [5100643

WF1TE (7 ,39~~) F F 1 0 0 6 44
S 

3 ) t ~ FOFMAT(22 11M’.X SGv CA F D ( S )  FOLL OW ) F F 1 0 0 6 45 S

DO 397 LL1 S= 1 ,KTYPF F E100641
3(17 WRITF (7,137)FGV 51100647

GO TO 174 FF100648
124 F O I M A T ( 1 H  ,E-X ,1P9F13. 6) 511 (7649 5

137 F OFMA T (6F13 .’-) 51100650
1~~9 F0FMAT (1HO ,39kIT~~MP 19ATURE FISES A T SELECTED TIMES) FF100651
1~~1 FO~~MAT (1H0 ,9 X ,5#TIME ,E11.4) FF100652
1~4~ IF(L13 .EQ.NTE ST)GO TO 300 FE1C :0653

GO 50 371 FF10265~4
C ‘ DAM A GE C.~LCtTLA T ONS FOR SINGLE PULSI 511 ~~655

FE10065’

~

1~~ - ~F~~~F ( 6 ,12 b )NFUN (1 ), X D P U L S ,NPULSL (1 ) FE1006S 7
12~ FOP .“ (1!~0,SX ,5HNF UN r ,I3 ,2X ,12HPULSF WIDT f1= ,.~10.3 ,2X ,17HNUMbE F OF 55100 6513

1PUI STi~~r ,I5) 51100650.
IF(IFIL. 50.C)GO TO 127 5E100660
W P I T F (6 ,7 2 ) P 1 M ,LESION FF100661
GO To 129 FF100662

127 W FIT7 (~~,9 1 ) F I M ,LE S I O N F F 1 0 0 6 63
1_ c 7F(IP9T(~~).Fc.0)G0 TO 150 PE1006o4

W rIT1 (6 ,375) 51100665
X Q O .  5E1C0666

1.
~
- ~~ T T E ( ø ,130)TSTZAM F1100 667

1 2 C  F O F M A T ( 1 H O ,5X ,7 4!T S T E A M ,F7.0/iH ,5X ,108 ) P7100668
DO 133 =ID 1 ,1D2 51100669
DO 1 313 J= 1 ,~iM 51100670
I F ( V C ( I ,J ,KM) .LT ..001)QD(I ,J)=1.01120 FF100671
I F ( V C ( I ,J ,KX).LT ..OO1)GO TO 138 FF100672
L9=10.*(.4+EXF (— .0C1l4*DPULSF))/VC (I,J,K M )  SF100673
CQ=L~~+1. FF100674
X 1 0 = 7 0 . ( . 4 + E X P ( — . 0 0 14 *D P U L SE ) ) / V C ( I ,J , K M )  51100675
IF (L9.EQ.0)CQ X 1O FE100676
LLT=0 51 100677

F LGT O 55100678
131 D A M C = 0 .  SE 100679

K=2 5E100680
55 1 3 2  x 13=AL OG (XT( Ic )—X T(K— 1) ) 55100681

VPX= (VC(I ,J,K)+VC(I,J,K—1 ))/2. 51100682
X3=0. 5E100683f I F ( I . N E . I G ) GC TO 133 51100684
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I F ( V ~ - X~~~P 7 ( K) *C .) . G T . T S T E A 1 _ T C ) X 3 r 1 . F G 3 O
s~~ (~~~~~~X 5~ 1 (Ic ) *Cc- . G T . T S T 5 A M _ T 0 ) G O  50 134 -F1C 06P~

1 i3 A - C = ~~~X~~~0~~�73 .+TO F F 1076~~7

~F’X9D .LT .317. )GO TO 134 FF10008~
A 1 A 13,DAM~i GE(1 ,1)_ DAM AG E (1 ,2 ) / X 5 0  F E 1 0 0 6 P -~
F (T D .7. 323. )X1 X 13+DAM A G :- (2, 1 )—DA MAGE(2 ,2)/X50 ~E10069C

I~~ (~~1.~~T . C . ) X 3 = 1 . O 1  5E 1 0 0 6 91
IF (~~1.&;

:.u.)GO TO 134 5E1C0€~~?
X 3= EX P(X1) FF100693

1 3 4 DAM = ’~A iC +X3 FF100694
IF (OAMC.G F.1 .)Gu TO 135 Ff100695
Kr K+1 pE1O0o q~
IF(K.LT .KI) GO 10 132 51100697

C •~~~~ AD J U ST L A S r F ~ POWEP IC YIELD THRESH OLD DAMAGE AT GIV~~N P O I N T  h E 1 0 0 6 9 9  -~~

PF1CO6 9~
~~ IF(LGT. s).1)GO 70 136 F F 1 0 0 7 0 0

L L T = 1  F F 10 0 7 0 1
CQ=1.04~ Cc) FF100702
GO TO 131 F F 1 0 0 7 0 3

135 IF (LLT.EQ.1)CQ= .98*CQ F F10 07 04
I F ( L L T . E Q . 1 ) G O  TO 136 F F 1 0 0 7 0 5
LGT= 1 F F 10 0 7 0 6
CQ= .96*CQ . F F 1 0 0 7 0 7
GO 70 131 ~F1O070 8

136 Q D ( I ,J) CQ*P0I FF100709
138 CONTINUE 51100710

W P I T F ( 6 ,63) (R (J) ,J= 1 ,J M )  10 - 0 711
S 

DO 140 I ID1 ,1D2 51100712
DO 140 J=1 ,JM 55100713

140 XQD (I,J)SQD(I ,J)*XXQ PF1O271~
DO 143 I ID1 ,1D2 FF1 00715
X1=Z (I)—Z(IPE) +DZ/2. 51100716
I F ( J f l . G T . 9 ) G 0  TO 142 F E 1 O O 7 1~
W P I T E ( 6 ,10 5 ) X 1 ,(XQD(I ,J ) , J=1 ,JM)  55 10071 13
GO TO 143 5510071 9

142 WPITE (6,1O S ) X 1 , (XQD(I ,J) ,J=1 ,9) 5E100720
WF- ITE(6,10 5 ) X 1 ,(XOD(I ,J),J=10 ,J M )  51 100721

143 CONTINUE FF100722
H X2=(XQ—O D (IMAX ,1))/QD (IMAk ,1j SF 100723

X3=X2 *X2 P1100724
I F ( X 3 . L T . . 0 3 0 1 ) G O  TO 150 R F 1 0 O 7 2 ~
TSTEAM TSTEAM+DTSTM 51100726
XQ=QD (IMAX ,1) 55100727
GO TO 129 55 10072 8

150 IF (KTYPE.EQ.0)GO TO 1744 FF100722
C ~~~* CALCULATE AND STORE (SINGLE PULSE EXPOSUFE) TEMPEFATU FES P05 FF100730
C *~~u PLOTTING PSOFILES 55100731

WRITE (6,139) 511007 32
DO 170 L15=1 ,K’rLPF FF100733
RGV=0. 55100734

4 D T I M E T I M E X ( L 1 5 )  51100735
K=ALOG (DTIME*(XC—1. )/DTX+1.)/ALOG (XC)+1. 51100736
IF(K +1. T.KT)GO TO 170 FE1CO737

S X1= (DTIME—XT(K) )/ (XT(~~+1)—XT (K ) ) 51100738
00 166 1=111 ,112 51100739
50 1611 .J JJl ,JJ2  9 5 1~~~~ 74 9

•~~~~~~~~ ) ~ ,5’,tc) +Xl’ (vC (7 ,J ,s*~~) -
~~ 7 5
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IF  (V ( 1 ,3)  . ~~0. P G V )  F G V V (1 ,3) F F 1 0 0 7 4 2
~~ s (  C0~~7 I N U 1 5  55100743

S A V S G V ( L 1 5 ) = F G V  51100744
T F ( K T Y P 5 0 . 5Q. 1) G U  TO 167 FF100745

~. [ - 1 T F  (7 ,1 17 )NRUN (1) ,NPULSE(1) ,PE [’ET (l) FF100746
WFITt(7,118)XDPULS ,W A V F L ,RIM ?E100747
WPITE(7 ,119 )I I1 ,112,113,JJ1,J32 51100748
W F I T E ( 7 ,1 1 9 ) N 3 ,113 FF100749

~BITF (7,120)(F(J) ,Jr1 ,N3) FF100750

• WPITE(7,120) (Z(I),Irl ,M3) 55100751
wBITF(7,11~~)rIMEX(L15) 51100752

167 WF ITE (6,141)IIMEX (L15) 55100733
W P I T E ( 6 ,f3 ) (5 (J) .3=331 ,332) F F 1 0 0 7 5 4
JCNT=JJ2—JJ1 +1 51100755
IF(JCNT .GT.9)GO TO 400 FF100756
GO TO 4401 FF100757

‘400 JJCNT=JCNT—9 FF100758
JJJ2=JJ2-JJ C~

5 FF100759
S J J J 2P 1= J JJ 2 . 1  F F 1 0 0 7 6 0

401 DO 169 1=111 ,112 91100761
X1=Z(I)—Z(I&-1).DZ/2. 51100762
IF (JCNT.GT.9)GO TO 402 51100763

S WRITE (6, 64) Xl , (V (1,3) ,J=JJ1 ,J32) FF100764
GO TO 403  F~~100765

402 .~PITE(6 ,64) X 1 ,(V(1 ,J ) , J=JJ1 ,JJJ2) 51100766
WPITE (6,€ 4)X1 , ( V (I ,J),J=JJJ2PI ,JJ2) RE100767

403 IF (KTYPEO. 0.1)GO TO 168 FF100768
W R I T E  (7 ,137) (V (I ,J) ,J=JJ1 ,JJ2) P1100769

16 6 CONTINUE 55100770
l7c CONTINUF 5E100771

RGV O. - FF700772
DO 405 LL15=1 ,K T Y P E  BE 100773
IF(SAVR GV (LL1S).GT.?GV) RGV=SAVRGV(LL 15) 55100774

405 CONTINUE 51100775
W B I T E ( 7 ,396) 55100776
DO 405- LL15 1 ,KTYFE 51100777

4 06  W R I T F ( 7 , 13 7 ) F G V  5510077 13
S 

C ~~~ INTF .FPOLATE A XIAL EXTENT OF DAMA GE 55100779
174 15=0 FF100780

16=7 sF100781
I F ( I i .~~c~.. D 2 ) G 0  TO 1132 FF100782

- ‘  DO 175 :=ID1 ,1P2 FF100783
L1= ID1 +1D2-I Ff100784
I F ( Q D ( L 1 , 1 ) . G T . r O X ) I S Ll  sF100785
F (QD (L1 ,1) .LT .POX )Ib Ll BE100786

iF(c~D ( I ,1 ).GT.POX)I7=I 51100787
IF (c~5 (I,1).LT .5OX )It~~I sf100788

17~ Co~~:INU~ FF10 07 89
IF (1 ’.’T(9).EQ .C )GO TO 1112 FE100790
W F I T [  (6 ,350) FF100 791

2 359 FOFMAT( 1Hc ,22UAX IAL !XT [’NT OF DAMAGE ) 51100792
: Ir (I5.FQ.e)~~rTTE(6 ,176) 55100793

17~ FOF~~A r (1ll C ,0X ,45HPEPT8S 0? DAMAGE BEYOND BOTH SPECIt~~5D DEPTHS) FE10079 LI
IF (I5 .F~~.O) GO TO 182 55100795
I F ( I 6 . E Q . C ) G O  50 190 R E 10 0 7 9 6
I F ( I 5 . 0 . 1 6 )G 0  TO 178 5E100797
x2=ALo G(c~~ (1~~,1)/cr (Is,1))/(z(I6)—z (I5)) FF100798

5— —- S ~~~~~~~~~~~~~~~~~~~~~~~~ - S~~~~~S -
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X 1 Q D ( 1 5 ,1) 55100799
X 3=AL O G (~~ux/X1)/X2+Z (I5)—Z (1PE)+DZ/2. FF100800
W R I T F  (~~ 177)  X3 FF100801  S

177 F O 5 M A T ( 1 H 0 ,5X ,24H~ INIMUM DEPTH OF DAN AG I’= ,E10.3 ,2HCM) 55100802
17~ IF (Ii.GE.I7)GO IC 182 FF100803

x2=AL0 G (cD(I8 ,1) /Q D ( I 7 ,1))/(Z(I8)—/~(I7)) 55100804
X1=QD (1 7,1) S 55100805
13=ALOG (P OX/X1)/X2+Z (17)—Z(IPE)+DZ/2. R110080b

180 ~F I T E ( 6 ,1P1)X3 55100807
1 81 FORMAT (1HO ,5X ,24IIMAX IMUM DEPTH OF DAMAGE= ,E10.3,2HCM) FF100808

C ‘~~~ IN FIPOLA TF PAD IAL EXTENT OF IRREVERSIBLE DAMAGE AT SPECIFIED 55100809
C ~~~~ DEPTHS PE1OO~~17

1 92 IF(IPPT (10).EQ .0)GO TO 192 FF100811
W F I T F ( 6 ,360) 31100812

360 Fc-~~M A T ( 1 H 0 ,23HPADIAL EXTENT OF DAMA GE) 55100813
DO 189 T= C1 ,1D2 F f 1 0 0 8 1 4
31=0 55100815
X3=Z(I )—z( IPE)+LZ/2 . Ff100816
DO l’~3 J=1 ,J M 51 100817
: F ( P 9 X . G T . Q D ( I ,J ) ) J 1 = J  551008 18

183 C O N T I N U 2  - FF1008 19
S X 2 C ’ =-3 . R E 1 00 82 0

IF(J1.F’).G)G O TO 1117 RE100821
F (J1.EO.JM)WFITF(E ,1~~5) X 3 ,P ( J M )  51100822

1- ~9 F~ A T (1 0,5X ,2~iZ= ,E9.3,2HC~~,5X ,36U F A D I A L  F X TF~ T OF DA MAGE GREAT E FRE 100F- 23
1 5~~~!,71:. 9 ,2nc~~) PE100H24

F (J1.LO.JM )GC ‘O 189 FF100825
X I=A L~

)G (0D (I,J1+1)/~~i9 (I,J1))/(R (J1 +1)— F (J1)) 51100826
X 1~~~0 ( I ,J 1) 55 100827
X20r .\L C ; (pOX/X 1 )/X 2+ Zs (J1) FF1008213

187 wRIT: (9 ,1 88)x3 , 20 FE100829
188 FOPMA (1 1F0 ,5 X ,2 H Z ,59.3 ,2 H C M ,SX ,37HFADIAL EXT ENT OF IFREV !PSIBLF DFF10083C

1AMA (;E= ,~nO . 3,2H CM ) 55100831
1 99 coN-riNus 51100832

5 IF(LPX .~~Q .J)G0 TO 390 FE100833
GO TO 1-~S 55100834

1~~C WEITE(6,191) P E 1 0 0 M 3 S
in FO FMA T (1HO ,5X ,31HN C DA M A LAS z~P POWER TOO LOW) FF103836
1 ~~. IF(LPX .~~Q .O)GO 0 300 5E 10 0 8 3 7

GO TO 145 55100838
I C C  STOP 5E100839

~N D  5E 10084 0
S U D R C U T I N [  G D I D  5110084 1

C ‘~~~ GFID COMPUT ES THE COEFFICIENTS IN PAFTIAL DIFFEPFNTIAL E~ I1ATIONS AFF100S42
5 I C **~~~ FA D IAL A N O A X I A L  COO PDINA2~~S , P A!~) 1, AND ASSIGNS CONDUCTIVITY ANR510 0843

C ‘~~~~ V O L U~~ETFI C cPFCIFIC h~~A T  TO G R I T )  511008 44
~~ *‘~~ CALCULATE B(CM’*— ) A~~L 5 (CM) sF100845

COM~1ON A (2-2 ,3),A F ,A A V ,ACH ,A P ~~,A SC ,ATs ,A V L ,8 ( 1 4,3),b B ,B V ( 1 4 ,3), 51100846
1CONX (6) ,CON (29 )  ,CUT ,DFL OW (6) ,DPULS1 ,D R ,DT ,D TTC ,DZ ,FL ,HP (1 4) , 51100847
2IAB (29,14),IBLOOD(1O),IF 1L ,IG ,IGX ,IH T ,I P A ,IPC ,IPE ,IP PO F ,IP S ,IP T , 5E 100 8 48
31Pv ,Iv(24),JY L ,LIr ,LPA ,LPc,LPE ,LP S,LPV ,LPx ,L T M A X ,K ,K N ,K T ,M ,M1 ,M 2 , F F 1 0 0 8 4 9
‘4M3 ,N ,N 1 ,N 3 ,N4 ,N VL ,P0 X ,Pfl (14),P~ I~~E,QP ,R(14),’C0,P I M ,FN ,RP E ,B P T , 55 100850

VL , 5~~L , S ( 2 9 , 144) ,S H R , T A V ,TCH , . O M , T P E , . V L ,T S ( ~.200 ) , ~~SC ,TTS ,V ( 2 9 , 14 ) 5 E 1 0 O 8 5 1
6,V C ( 2 9 ,14 ,1~~0 ) , VSH (29),V S H X ( 6 ) , WA V 1L ,XC ,X FLO W ,XFLOWI (6),XFLOWO(6),551O0852
7XPn (12O ) ,X (l20) ,Z ( ~~~),ZD(8),ZY1 ,FLOWI (i 4),FLOWX(14) ,PTJPTL ,S 1GM A , 55100853
-9 I P P s ( 1 c ) ,A s E 1 1 A s F 2 ,:-:~~7 ,zo ,FLO ,c ABEP ,cAnFP 2 ,PP ,Pc ,N B ,Nc ,Fc FF 1 0 08 54

DI~~ F 5~~ T ’ ~4 :x(7) ,LX(7) ps’0op;~
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C C A L C U L A T F B ( C N * * _ 2 )  A N D  5 (C M)  sF100856
W R I T E ( 6 ,17O) FF100857

170 FOBMAT(1H1) 55100858
R(1) 0. 55100859
C1~=N—N1 ss100860
CP RVL /DR—N1 +1 . 55100861
11=2. FF100862

180 P2=EXP (ALO~~(2.*(CP* (X1—1 .) +1.)/(X1#1.))/(CK—1.)) 51100863
IF (R2/X1 .GT..99999.AND.R2 /X1.LT.1.OOCO1)GO TO 181 51100864
X1=52 55100865
GO TO 180 SF100866

181 IF(IPRT(1).Lc.0)GO TO 220 FF100867
W R I T E ( 6 ,182) FF100868

1 82 FOPMAT (1H0 ,16LIGBID INFOFMAT ION) FF100869
W F I T E ( 6 ,184)?2 FF100870

184 FORMAT (1HO ,5X ,3HR2= ,F8.4) FE100871
220  B N = D F ~~ ( N 1 — 1 . , (R2 ** (C 1~+ 1 . ) — 1 . ) f ( P 2 — 1 . ) )  91 100872

~ ~~~* C A L C U L A T E  RADIAL SPACE STEPS 5(3) F F 1 0 0 8 7 3
DO 185 J = 2 , N 4 4  F F 1 0 0 8 7 4

1 ~5 F (J) =08* (3—1) 51100875
X 1 = 9 2 *D 1 4  F F 1 0 0 8 7 6
DO 186 J N 4 ,N P E 1 0 0 8 7 7
R (J+1 )=R (J)+X1 51100878

186 X1=R2 *X 1 FF100879
C ***  CALCULATF COEFFICIENTS B OF FINITE DIFFEFFSNCE EONS. R~~100 880

X1=2./(DF*DB) ~s100801
DO 187 J=2 ,N1 5E100882
B ( J ,1) .25* (2*J_3)*X1/(J—1) 81100883
f l ( J ,2) X1 FF 1 00884

1b 7 B(J,3) X1—B(J ,1) F L 10 0 8 8 5
X2=D}’ 51100886
xl= 52*DP 5110c11e7
DO 1813 J = N 4 ,N 511 00AR~
5( 3 ,2) =2./(X1*X2) F 1100889
i3 (J,1 )- (2./X2—1./F (J))/(Xl+X2) 51100890
R ( J .3)- F (J,2)—B (J,1) 95100891
X2 52*X2 FF100 892

S 188 X1 R2’~X1 51100 893
B ( 1 ,1) 0. 51100894
8(1 ,2) 2./(DP*D5) SF100895
F (1 ,3) B ( 1 ,2) 51100896
DO 1 39 J= 1 ,N - F F 1 0 0 8 9 7
F(R(J).L .9VL)JVL J FF100890

18~ CONTINUE Pr1CC89 3
C ~~~ CALCULATE AXI A L SPACE STEPS Z(I) 51100900

CK M 2—M1 + 1 F~~1OO
X1=2. 51100902

1’~O CP=2. TAV/DZ+1 ._ (X1**(CK_ 1 .)~~1.)/(X1—1.) RE100903
B1=EXP(AL OG (CP*X1—CP+1.)/CK) PE1009O4

S IF (R1/X1. GT..99999.AND.P1/X1.LT.1.00001)GO TO 192 FF100905
11=51 FF100906

S 4  GO TO 1~~0 F f 1 0 0 9 0 7
1)2 Z~~=( (N 1**CK_ 1.) /(~~1_ 1 .)+N1_ 1 .)*DZ Fs100908

IF(IPRT( 1).EQ.0) GO TO 230 SF100909
WRITr (6,194)51 ,ZM REIOO 91C

1~~4 FOFMA T (1t1 ,5X ,3 H R 1 ,F8.4,2X ,3 H Z M ,F8.4) 51100911
p. - - 230 X1=DZ 55100912

~~~~~~~~~~~~~ 5 S S 5 r ~~~~~~r~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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X~~=X 1 P1100913
51) 195 I=2 ,M2 s~~1oo q 1 4
Z(M2 +I )=ZM+Xi [-1100915
Z ( M 2 + 2 — I ) L M — X 2  5 1 1 0 0 9 1 6
I F  ( I .  G~~.M  1) X 1 1  1*X 1 F 5 1C 0 9 1 7

195  X2=X2 .X 1 FF100918
Z ( 1 ) = O .  - rslOO 9l9 -

;

Z(M2+1)~~ZM 9E100020 - - 
-

Z (M+1)’~2.~~ZM 51100921
X 1r 7 (PC)—DZ/2 .—ZD(2) 51100922
DO 1-~r7 L = 1 , M 3  p1100923

1 96 Z ( I ) = Z (T ) — X 1  5F1C092U
L3~~~ P A  55100925
DO 2 C 0  L=1 ,7 P1100926
L1=0 FF100927
DO 11)7 I=Ii’ A ,M3 95100928
IF(Z(1).LT.M)(L+1 ))L3 I 51100929 

—

I F ( Z  ( I ) .  LI. ZD (L) .0. Z (1) .GE. ZD(L+1))G0 ~ O 197 85 100930
L 2 = I  5E 10093 1
L 1= L 1+ 1  51100932

197 C O N T I N U E  55100933
S 

IF (L1. F~~.0)IX(L) L3 FF100934
S IF(L1.EQ .0)LX(L) L3 5E100935

IF(L1.G ”.O)IX(L )=L I+l—L l 55100936
IF(Ll.GT. 0)LX (L) L2 55100937

200 CONT INUE FF100938
I P V = 1  X (~~~

) BE 100939
IPC= 7K(5) 55100940
IPS=1X (6) 55100941
IPT=TX (7) 51100942
LPA LX(1) 51100943
LPE LX (3) 55100944
L P V = L X ( 4 )  FF 10 0 9 4 5
L P C = L X ( 5 )  S FF100946
LPS=LX( 11) FF1009 47
LPT=M3 FE100948

~~~ SET CONDUCTIVITY CON AND HEAT CAPACITY VSH FOP VA FIOUS EYE MEDIA 51100949
DO 203 1 1 ,L FA FF 10 0950
CON (1)=CONX (1) FF100951

~ 03 V S H ( : ) = V S H X ( i )  P E 10 O ~~52
DO 204 I 1[’1,L PE F F 1 00 9 5 3
CO~.(I)=CONX (2) P1100954

2 0 4  V S H ( I ) = V S H X (2 )  51100955
DO 205  I I P V ,LPV 51100956
CON (I)=CONX(3) FF100957 S

205 VS 8 ( I )  = V S H X  (3) 51100958
DO 206  I= I P C ,LPC 55100959
CON ()=CONX (4) FF100 960

206  V S U ( I ) = V S H X ( 4 )  51100961
DO 207  I = I P S ,L P S  R F 1 0 0 q 6 2
CON (I) CONX(5) 51100963

207 V S H ( I ) V SH X ( 5 )  F F 1 0 0 964
DO 208 I IPT ,M3 55100965
CON (I) =CONX (6) 51100966

2011 VSH (I)=VSHX (e) 55100967
C ~~~ C A L C U L A T E  C OE FF! C E N S A OF SI N I T S  5I F F~~FEN C 5 EQ’~5.

p. :0 ~~o :=:s~,~ ~~ ‘5 C 9 6 9
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S X 1 Z ( i + 1 ) — Z ( I — 1 )  P 5100970
X 2 = ( C O N ( I _ 1 ) _ C O N ( I + 1 ) ) / ( X 1 * X 1 )  P5 100971
X 3 = .* C O N ( I ) / X 1  F F 1 0 0 9 7 2
A ( I , 1) X 2 + X 3 / ( Z ( I ) — Z ( I — 1 ) )  55 100973
IP(I .EQ.IPA )A (I ,1) O. - 51100974
A ( I , 3 ) = — X 2 + X 3 / ( Z ( + 1 ) — Z ( I ) ) s f 1 0 0 9 75

210 A (I,2)=A (:,1)sA(z ,3) FF100976
R E T U R N  F F 1 0 0 9 7 7
E N D  FF 1OO 97~
SUBP OUTINE I~~Ac,E 51100979

C ‘‘* IMA GE COMP U T ES THFS F F T T N A L  IP PAD IA NCF P9OFILF FF100980
COMM ON A (29,3 ) , A P ,A A V ,A C F T ,AP E ,ASC ,AT S ,AVL ,U (14,3),UB ,B V ( 1 U ,3 ) ,  55 100981
1CONX (6) ,CON (29) ,CUT ,L~FLflW (6),DPULS1 ,DF ,0T ,DTX ,DZ ,FL ,HB (14), FF100982
21A 8(29,14), IBL OOt) (10) ,I F I L ,IG ,IGX ,IFIT ,IPA ,IPC ,IPE ,TP POF ,IPS ,IPT , 5 5 10 0 9 8 3
3 IPV ,IV (29) ,J V L ,LI~~,L P A ,LP C ,LPE ,LPS ,LPV ,LPX ,L TP 1 A X ,~(,K M ,KT ,M ,M1 ,M2 , FF1009 814
U M 3 ,N ,K1 ,N3 ,~~4,NV L ,POX ,P9 (14) ,PTIME,QP ,h (14) , F C0 , FI!~, 5N , 9 P E , F~~T , 91100985
S ?V L ,R S C ,S (2 9 , 14) ,S H B , T A V , TCH ,TOM , T P F ,T V L , T S ( 2 2 0 0 ) ,TSC ,TT S , V ( 2 9 , 1 4 ) 5E 10 0 9 8 6
6,V C (2 9,14,12 0 ) , V S f ~(2Y),V SIIX (h ) ,h A V E L ,XC ,XFLOw ,XFLOW I (6) ,X F LOWO (6) ,PE100 987
7XPD (120),XT (12O) ,Z(IL),ZD(8),ZM ,FL OW I (1Le ) ,FLOWX( 14) ,PUP1L.SIG MA , 51100988
P I P S T ( 1 0 ) , A P E 1 , A P E I , [ - I N T ,ZO , FLO , C A B F E ,0A 0 1 F 2 , 00 ,PC , N B , NC , FC 51100989
DIMENSION FA (2001),F P (2 0 0 1 ) , FX(2001),FY (2001),JO (32).NA (22) ,PX (3C)rElO0990

1 ,51(30) ,XF 1 (2001) ,XF2 (2001) 5E100991
STAt JO ,NA ,N 5 ,NC PE1C0992

- 55 DO 200 J= i ,N 51100993
200 P5 (J)=0. 9510C994

LI=500 P1100995
LII=LI 51100996
70 201 L= 1 ,LI FE 1000 9 7

201 1X (L)=0. PF1~~@~~98
R E A D ( 5 ,202 )PUPIL FE10 C 99~

20 2 FORMAT(10E8 .3) 55101000
S 

9~~N T = P U P I L / ( L I — 1 )  P E 1 O 1 0 0 1
H IF (IPPOF.EQ .1)GO TO I 1’4 FF101002

S IF(IFF0F.EQ.O) GO TO 219 5E101003
C * *  INTFOPCLATL IPSSEGTT LAF L A S E R  PPOF LE (SYMMETPIC IN 5) AT INTE PVA LS 55101004
C ~~~~~ OF RINT STAFT NG AT 9=0 51101005

1- F E A D ( 5 ,205)LR RE1 01OO~
205 FOFPTAI (17) FF101007

R E A D ( 5 ,206) (FX(L), L=1 ,LR) FF101008
206 FOENAT(1017.3) FF101009

REA D (5 ,206) (PX(L) .Lrl ,LF) P1101010
S Y1=PX (1) FF10101 1

DO 207 L=1 ,L~ 5E101012
207 PX(L)=PX(L)/Xi 51101013

x5=0. - 95101014
X6=0. FE10101~
DO 208 L=2 , r.9 SF101016
X2= (P1 (L) — P A  (L—1) ) /  (?X (L) —RX CL—i) ) P1101017
X 1 PX ( L _ 1 ) _ X 2 t F X ( L _ 1 )  F F 1 0 1 0 18
X 3 = X 1 * ( R X ( L ) * ~. X ( L ) _ P X ( L _ 1 ) * R X ( L _ 1 ) ) / 2 . FF 10 1 0 19
X~4 X 2 S ( R X ( L ) * F X ( L ) * R X ( L ) _ S X ( L _ 1 ) * R X ( L _ 1 ) * P X ( L _ 1 ) ) / 3 .  55101020
I F ( R X  (L)  . G T . P U P I L ) X 6 = 16 + 6 . 2 8 3 2 *  ( X 3 + X 4 )  F F 10 10 2 1

208 x5=X5 +6 .283251 (X3+XLI ) 51101022
QP=p OX* .23 906*(1.—RCO )/X5 Ff101023
XX (X5—X6 )/X5 RE101024
IF (RX(LR).LT.PUP1L)L1I~~RX (LF)fPINT +1 SF101025
L 2 2  p 1 1 0 1 0 2 6
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X1= 0 . 5E101027
DO 213 L= 1 ,LtI FEtOlO 2R

21 0  I F ( P X ( L 2 ) . G T . X 1 ) G O  TO 212 sF 1 0 1 0 2 9
L 2 L + 1  51 101030
I F ( L 2 . L 2 . L R ) G O  T ( )  210 P E 10 1 03 1
GO T(~ 2 1 3  F F 1 0 1 0 3 2

2 1 2  X 2 = ( X 1 — S X ( L 2 — 1 ) ) / ( B X ( L 2 ) — R X ( L 2 — 1 ) )  51 101033
SI ( L )  = P :  ( L 2 — 1 )  + X 2 *  ( D X  ( L 2 ) — P X  ( L 2 — 1 ) )  9 F 1 0 1 0 3 ~

213 X 1= X 1 + P I N T  51101035
S G Tfl 2 2 9  FF101036

C S*~ CA LCUL \TE GAUSSIAN LASER PROFILE A T INTFFVALS OF PINT STA~~TING A T 55101037
214 s:5;Mr~=~- :M*s QsT (_2./ALoG (cuT) ) 511010311

~7 .~~?~JX* .239O6* (1 .—Rc0)/(3. 141 SIGMA’5~IG~~A ) 51101039
X X i .-~~XP (—2.*PUPIL*PUPIL/(SIGMA *1IGMA ) ) 51101040
:F(:s:L Ec.1)GO TO 217 FF101041

- 
S 00 21’- J= i ,N FF1010 42

XTh2.*R (J)*R(J)/ (SIGMA*SIGMA) FF101043
IF(X3 .GT.80.)GO TO 21€~ 5 110 1044
~~ (3) =EXP (—X3) ~F1O10 4S

216 CONTINUE PE 1O 1O L &6
GO TO 2’76 51101047

S 217 X1 0. 51101048
S DO 2 1 1 1  L=1 ,LII FE1010 4~

X3=2.* C1*X1/(SIGMA*SIGMA ) 51101050
FX (L)-=0 . P1101051
I F ( X 3 . ~~T . 8 O . ) G O  TO 218 FF101052
Fl (L)  = ! X P ( — X 3 )  S F 10 10 53

5 218 X 1=X 1+RINT PE~-C1054
GO TO 227 BE1010~~5 

S

— C *~~~ SPECIFY TJNEPOFM LA~~EF P R O F I L E  PROM 1 ( 7 )  TO ~ ( L I M )  5110 1056
219 QP P OX * .23 906 *( 1. _ F C O ) / ( 3 . 1 4 1 6 * S I M * R I M )  - p 11 010 5 7

XX 1. F F 10 10 5 8
IF (BIM .GT.PUPIL)XX PTJPIL*DUPILf (RIM*FI~~) 55 101059
IF(IPIL.EQ.1)GO TO 221 55 101060
DO 220 J=1 ,LIM - 51101061

220 PP (3) =1 . FF101062
GO TO 276 5E101063

221 L1 FIM /RINT 51101064
FINT RIM /t1 Ff101065

- 
S LII R 1 P I / P ! N T + 1  55101066

00 222 L 1 ,LII 55101067
S 21 2  FX (L)=1. 55101068 - -

GO TO 227 FF101069
C **~~ CALCULATE TOTAL AP~~A FA (L) A N D PORTION OF LASEPS POWER DETWEEN B=05F101070
C ~~~~~~~ AND (L— .5)*FTNT 55101071

223 IF(IFIL.EQ.1)G0 TO 227 55101072
FP (1) 3.1416*FX(1)*FINT*RINT/4~ FF101073

‘ FA ( 1 ) 3 .1416*RINT*FINT/4 . FF101074
DO 2214 L 2 ,LII ?E10 1075
X 1=(L— .5)*RINT 55101076
12= (L—1.5)*PINT 55101077
pc (L)=Fp (L_1),Fx(L)*3.1416* (x1*x1_12*x2) 55101078

224 FA (L) 5A (L—1) +3.1416* (X1*X1—12*X2 ) 55101079
C **t CALCULATE PROFILE P5 (J ) BElOlOSO

11=0. 51101081
S 

- 12=0. F F 1 0 1 0 8 2
DO 225 J 1 ,N

80
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X3 =( 5 (J)+F(J+1))/(2. *SINT),.5000001 FF101084
IF (X 3 .LT.1.)X3~~1.O00C01 SF101085
L2 X3 5E1010 86
IF(L2.GF .LLI)GG TO 225 FF101087
X4=X3— L2 8110108 11
I 5=FP (L2) +14* (FP (L2+ 1) — FP (L2) ) FE1 01089
X € FA(L2)+X4* (FA(L2+1)_FA (L2)) 81101090
P5 (J)=(X 5—X 1) /(16—X2 ) 51101091
11=15 51101092
X2=Xb 55101093

22-5 C O N T I N U E  51 101094
GO TO 276 FF 1 0 10 9 5

C *S SPREAD FUNCTION CALCULATIONS 55101096
2 2 7  9EA D( 5 ,202)ZO ,FLO ,FC~~NB ,C A B E F ,PP ,PC 5E10 10 97

CA BE~~2=CADE5 /WAVEL 51101098
P F A D ( 5 ,228) (JO(L),L=1 ,32) 51101099

22~ FOFMAT (10F 8.5) BE1O1100
R ? A D ( 5 ,228) (NA (L), L=1 ,22) 81101101
X 1 (WAVEL—350.) /50.+1 . 91101 102
L1 X 1 51101103
12= 11—L i FF101104
N C=NA fL1 ) +X~~~(NA(L 1 +i )— NA (L1 )) RE 1O 11C S

S 
X 1 (Nb_i.)*N L/(NB* (NC_1.)) FF101106
FL F L O *X i  9 1 1 0 1 1 07
X2=ZO/FLO 5 11011011
XU=N C*ZO*X 1/ (NC*X2_X 1)_ FLO 51101109
X3=1. _PC* (NC*ZO_fC)/ (NCSZO~~Fc) 51101110
DO 230 L 1 ,LI F F101 111
I F ( L . G T . L I I ) G O  TO 230 F F 1 0 1 1 1 2
X1=(L—1) /13+1.000001 5110111 3
L1 X 1 FF1 01114

S 12=11—Li 55101115
I F ( L 1 + 1 . r,T . L : )  Fl (L)=O. 51101116
IF(L1 +1.GT .LI)LII L 51101117
IF(L1 +1.GT.LI)GO TO 230 SF101118
F Y ( L ) ~~~( F X ( L 1 ) + X 2 * ( F X ( L 1 + 1 ) _ F X ( L 1 ) ) ) / ( X 3 * X 3 )  5E 101119

230 C O N T I N U E  51101120
DO 231 L= 1 ,LII SF101 121

231 F l (L) =FY (L) 15101122
X~~~ATAN (P tJPIL/(FLO—PP+X0 )) 51101123
X6=1 .—COS(X5) FF 10 112 4

- ‘ x 7=s :N(X~)* sIN (x5 ) i~s1O112SS FF= FLO—i’P FE 1O112’
DO 2 3 4  L=1 ,LII FE 1 01127

5 XL4= (L— 1 )~~PINT F::101128
X 1= 6.2832*N C (_ FF_X6*X 0+SQRT (FF*FF_X 7*XO ~~X0))*XL4~~X4f(WAVFL*1.F_7* cR101129

1 PU P i I ’
~
PUPIL) 0E10 1130

X2=CA~~ER251X4’X4’X4’X4 P1101131
Xl i (L) = 5 c R :  (Fl (L) )*COS (X1+x2 ) FF101 132

2 3 4  1F2(L )= ;OPT (FX(L))*SIN(X1+12) 51101133
00 260 J=1 ,N 1110113 14

S X 1= 6 . 2 8 3 2 ~~5 ( J ) / ( W A V E L * 1 . E _ 7 S F F )  5110 1135
S X2=0. 81101136

X3=~~. R11C1137
nO 2 0 5  L 1,LII 5 1101138
XLI=X1 * (L— 1 )*SIN T 51101139
I F ( L . i ~Q. 1 ) X 4 r X 1 ~~. 2 5 * F I N T  5E 10 1 1 4 0  

S

L 
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S

IF (X4. i;2.3 .)GO IC 2 10 51101141
X 1rX~./.1+ i.I0O CQi 55101142
Li=~~5 FF1011 43
X 5 r X~~— L 1  p F 1 O 1 1 L ~54
1 7= J J ( L1 ) + < * ( J O (L1+1 )—J O(L1)) F1 1011 ” 5
u~ ~ 2 ’ 1  Fh1O114 ’~

15C X - -
~~~~ 3 . / X 4  FF 1011 47

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 5 E 1 = 1 1 4~
i . 0~~ 1 1 7 . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ + .CO 1~~4 7 6 * X 6 * x 6 *X ( . *~~~ U)1 14C~
2X’-’~~r X ~ RL IO11 5G

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 51101151
1 . 0 O 0 5 4 1 2 5 + *X ~~.X 6 * X € _ . 0 O D 2 9 3 3 3 * X X 6 5 1 X r . X 6 * X h + .O C I ~1 3 h c X € * X b * X ( ~~ .~ 101152

F~~1O 1’~~3
92101154

2 11 T r ( L . ;T. 1) ~~c TO 2~~2 5E 1 0 1155
X 2= x2+X 7~~.11.(3. .XF1(1 )+XP1(2 ))* .25*FIN1..1*~~INT 91131156

~~ = x 3 + x ~~= .~~~~~( 3 . * x F 2 ( 1 ) + x P 2 ( ~~) ) 5 1 .2 5 * F I N : * .5 5 1 I I N T  51 101157
GO TO ~~~ 8110115 11

~ 52 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ F F 1 01159
i 3=x 3+ 7* ~~ ‘s 5

_ (L) (L_ ’)*F:NT*PINT 51101 160
~~~ CO~~T TNtJ ~ 551011 61
2~~C (3) = X 1~~X 2 + X 3~~K 3  F F 10 1 1 6 2

~1=IF (1) FF101163
DC) 2~~0 3= 1 ,~ FF10116 4

270 FiF (3) =~1 ( 3)  /11 RF1~~1165
X 1 = .0 ’~02 F F 1 0 1 1 6 6
X2=3 . 141~~~X 1~~X1/4 51101167

FF101168
X L~~H P ( 1 )~~X2 Rt 1 0 11~~9
L 1 = 2  515101 170

2 7 1  I F ( X 1 . L . ~ S ( J ) + . 0 0 0 C C 0 1 ) G O  10 272  81101171
J J+1 51101172
GO 10 271 sF101173

272 15= (X1—R (J—1) )/  (9 (J)—F ( 3 — 1 ) )  FF101174
X 6=HF (J— 1) +xc~ (HP (3) —HF (3— 1)) FF101171
X 7 = ~~. 5 1 ( L 1 — 1 ) * X 2  51 101176
XU=XL4+X .,’~X7 91101177
L i = L 1 + 1  F E 1 O 1 1 7 1 1
X 1 = X 1 + .0 0 S0 2  P1101179
I F ( X 1 . L E . . 1 ) G O  10 271 51101 18)
QP .2390rS 4XX * POX* (1 ._R CO)/X4 p1 101181

81 101162
2 7 €  DO 2110 J= i ,N 81101183
1~~O HF (3) =P~ (3) FFIC-11 8L 4

R E T U r N  F E 10 1 18 5
END 51101186
s u P p o ~r :N [  H T X D F P  51 1011117

C H T X D F P  C O M P U T E S  PA TL OF HEAT DEPOSITON AT V A I - I O t I S DOINIS I,J 51101188
LW~M fl N \(2~~,3 ) , A P ,A A V ,A C H ,A P E ,ASC ,ATS ,A V L ,B (1L4 ,3 ) , bB ,8V (14 ,3 ) ,  5E 1011 11°

1C ONX(b ).CON(29) ,CUT ,DFL OW (6) ,DPULSE ,DP ,D I ,D T X ,DZ ,FL ,HR( 1L 4), 5510 1190
2 I A B ( 2 J ,1 4) ,IUL OOD(1C ) , I F r L , Iu , r G x , I H T , T p A , Ipc , Ip F , Ip p o F , Ip s , I P T , 8.1101191
3 L P V ,I V ( 2 9 )  , J V L ,LI~~,LPA ,LP C ,L PE ,LPS ,L P V ,L P X ,L :NAX ,tc ,K M ,K T .M ,M 1 ,M2 , 5110 1192
. ,N ,N1 ,N 3 ,N4 ,NVL ,POX ,P R ( 1 14) , P T I M E ,cP ,F (1 4),R C O ,F1~~,PN ,FPE ,9FT, 511011°3
S~~Yi ,P SC ,S ( 2 9,1 4) ,SIIB ,T A V ,~~CH ,TO M , P~~,iV ~~,,.(22OC ) ,~~~L,T S ,V ( 2 9 ,114)?F1O1194
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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D I M E N S ION A B ( 2 9 ,3 ) , A b R ( 2 9 ,7),ABS(7) ,I t ( 2 9 ) ,IZ(29),REF(8),REFL(8), 81101198
1Z U ( 2 9 )  55101199

IF ( 1 8 T. T Q . 0 ) F E T I J ? N  F f 10 12 0 0
IF(QP.LT.1.E—25)GC TO 3140 FF101201
I F ( I H T . E Q . 1 ) P F T t J F N  5 5 1 0 1 2 0 2
LZ=7 5510120 3
LZO=LZ—1 5P1012CLl
L Z 1 = L Z + 1  5110 1205
DO 280 I 1 ,M 51 101206
I I ( I ) = 0  5E 10 12 0 7
IZ (I) =0 SF10120 11
ZH (I)= (Z(I) +Z (Ii-1))/2. FF101209
DO 279 L1= 1 ,3 5E 1 6 12 10

279 A B ( I ,L1) 0. 51101211
DO 280 L1=1 ,LZ F F 1 0 12 1 2

280 AB S (I,L1)=0. 51101213
DO 282 L 1 1 ,LZ F F 1 0 1 2 1 4
REF (L1) 0. 81101215

2 8 2  FEFL(L1 )=O. 51101216
REF(2)=RPT 8E101217
PEF(6)=RSC FE 1O12 1#
PEF(LZ1) 0. 81101219
IF(IPPT(1).EQ.0)GO TO 350 51101220
V F I T E ( 6 ,283) (ZH(I),Irl ,M) 81101221

2a3 FOFMAT(1HO ,5X ,3HZH= /(1H ,SX ,10E10.3)) 91101222
c ~~~ * E V A L U A T E  A B S O R P T I O N  CC N ST A N I S A P E 1  A N D  A P E 2  FO P F R O N T  A N D  R E A R  OF F F 1 0 1 2 2 3
C ~~~~~ FE AS W E L L  AS Ic; I N D I C A T I N G  2 N DEX WH EFE GFAN U LES A FE LOCATED FF101224

350 IF(IGX.FQ.1)GO TO 254 FF101225
APE 1 (APE_ACH*(1. _ 9P7))/5P2 P1101226
A512=AC11 51101227
AP= (EXP (_ACH ~ FPF *TPL )_ EXP (_APE1 ~~PPE*TPE))/ (1._EXP(_APE14RPE*TPE) J 51101228
IG=IPE 85101229
GO TO 285 5510 1230

2~~4 PE1=ACH 55101231
A P F 2 = ( A P L ~~A C H F P F ) / ( 1 . ~~F P ~~) 55101232
A P= (EXP (_A CH* (1 ._ 5PF )*TPF)_~~XP(_APE2 *(1 ._FPE)*TPE))/(1._EIP(_AP 2*5E101233

1( 1 . _ F P E ) * T P I ~) )  81 101234
I G = L P E _ ( 1 . 0 0 1 _ P P E ) * ( L F F _ I P E + 1 ) + .5 511 0123 5

2~35 ~E S S ( 1 ) = A A V  551 01236
A OS (2) A PE1 FF101237
A13 S (3)=APE2 55101238
ABS (L) A VL RE10123~
A B S (5) A C H  8 r 1 0 12 4 0

S 3S(6) ASC FF101241
A B S ( 7 ) ATS - 9 1 1 0 1 242
L1=2 FF101243
DO 306 I = I t~P. , M 91101244

295 IF(ZH(I—1).LT .ZD (L1)) GO TO 296 FF101245
L1 L 1 + 1  F F 1 0 1 2 4 6
GO TO 235 PE101247

2 296 IF (Zil (I) .G~~. Z5 (Li)) GO TO 2 9 9  SF101248
C * *M  NO ZD BITWEEN ZH (I—1 ) AND Z H ( I )  91101249

AL3 (T,i)=AB S(L1— 1)’ (ZH(I)—ZH (I—l)) 80101250
51 101251

IZ(I) Ll 55101252
IF(L1 .GT.LZ)G O 10 366 FF101253
00 297 L2=L 1 ,LZ 51101254

83
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297 ABS (r ,L2 )=AE ~(:,1) FF101255
GO TO 3)~ F F 1 0 1 25 6

299 I F ( z u ( : ) .G 1 .z D ( L 1 + 1 ) ) G O  TO 33~~~ 55101257

~ *~~~~ O N L Y  Z D ( L 1 )  BFT ~~E E N  Z H ( L — 1 )  A N D  Z H ( I )  55 101258
A b (I ,1)=ABS (151_7)*(ZD (L1)—ZF ( —1)) 5E101259
A N ( 1,2) AI~’ (L i) * ( Z N  (I) —ZD(L1) ) P1101260
A b F ( I , L 1 ) = A B ( I , 1) FE 10 12 61
I I ( I ) 2 55 1012 62
I Z ( T ) = L 1  551 01263
L3=L1 +1 FF101264
IF (L3.G:.Lz)Go TO 30~ 51101265
00 300 L 2 = L 3 , LZ 5510 12 66

300 A B P (I ,L7 )=A9 s (I ,1)+A 0(I ,2) FF101267
GO TO 30’ 5E101268

C *** ZO(L1) A~~L 20 (L1+1) 2 F T W E F N  Z N ( I — 1 )  A N D  Z H ( 1 )  55 101269
303 A F (1 ,1) = A~- S (L1— i)* (25 (L i ) — Z N  (I—i)) 55161270

A B ( I ,2)=?~~S(L 1)* (Zt(L1+i )_ ZD(Li)) 55101271
A B ( I , 3 ) = A 0 ( L i + 1 ) * ( Z N ( I ) _ Z n ( L 1 + 1 ) )  P5101 272
A B F ( I , L 1 ) = A O ( I , i )  551 0 1273
A B5 (I ,L 1+1 )=A B (, 1 )+A L4 (1 ,2) 551012714
I I ( I ) 3 55 101275
IZ (I) =L1 RF101276
L3~’L 1 + 2 55 101277

S 

IF (L3.GT.LZ)GO TO 30h 55101278
DO 30 14 L 2 = L 3 , LZ 51101279

304 ABP(I ,L2 )=~tB(I ,1)+AB (I ,2) +A B ( I ,3) 55 101280
306 CONTINUF 51101281

DO 31 4 -  1 5 P A ,M 51.1012 82
I F ( A B ( I , 1 ) . G T . 1 1 . ) A I 3 (I , i ) r l O .  51 101283
I F ( A 0 ( I , 2 ) . G T . 1C . ) A B ( I , 2) 10. R E 1 O 1 2 8 L i

S I F ( A B ( , 3).GT.1C. )AE3 (I ,3) 1C . 51101285
DO 3 1 4  L 2 , LZ 5510 1286
I F ( A [v~ (I , L ) . r5 T. 1 0 . ) A R F ( T , L ) = 1 O .  FF101287

31 14 C O N T I N U F .  5E 1 0 12 8 8
C *** D E P O S I ~~I ) N  L~Y I N CO M I N G BEAM - 

FF101289
X2=QP FF101290
L 1= 2  51101291
r~r~ ~17 I = I F A ,~i 91101292
L2=1I(I ) FE1O12°3
X3 =X2 51101294
X2=X2 *FX P (_A b(I,i)) FF101295
14=0 .  51 101296
IF(L2 .E ..1)G U TO i15 55101297

- 
S L3=IZ(I) 5E101298

14= 12*511 ( L 3 )  51101299
X2~.Y2* (1 .—~~rF (L3) ) *F X P  (—AS (1,2)) 55101300
I F ( L 2 . E Q . 2 ) ’ ; G  TO 31~ 5E101301
X 4=X 4+X2*FFF( L3+ 1 ) FF101302
X2=X~~ (1  .— 9 E F  ( L ~+ 1)  ) *5 XP ( — A B  ( 1 ,3 ) )  511 0 1303

J l~ I P (~c2.Lr .1.s—10 )x2=0. 51101304
DO 317  J 1 ,JVL 51101305
S (1,3) = ( X 3 — X 2 — X s ~) ’ H P  ( J ) / ( Z H  ( I )  — Z N  ( 1 — 1 ) )  FF 1 0 1 3 0 6
I F ( S  (1 , 3) . L T .  1.~~— 1 0 / r ’P u L s - ) s ( I , J) =0- . FF101307

317 CONTINU : FF101305
C •*‘ CALC 1JLA ~~:O~4 OF P F F L E CT~~D INTENSITIES NY V A 5 IO US :NTEFFACES 51101309
C F T A R T I N ;  W T C  F T P ~~T I N T ~~F 4 A L  . ‘~~~~~F A C F  511013 10

S X2=~~P 
S
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DO 322 L 1= 1 ,LZO 51101312
13 = A B S ( L i ) * ( Z D ( L 1 + 1 ) — Z D ( L 1 ) )  511013 13
I F ( x 3 . Gr .  1 ) . ) X 3 = 1 0 .  5110 13 14
X2=X2 *EXP (—X3) FF101315
F F F L ( L 1 + 1 ) = X 2 * R E F ( L 1 + 1 )  5110 1316

322 X 2 = X 2 * (1. — F E F ( L 1 + i ) )  5110 1317
00 327 L 1 2 ,LZ 5E 10 1318
I=IPA 5E101319

324 IF(ZH (I).G T.ZD(L1))UC To 325 FF101320
1=1 +1 5E101321

• 
IF (I.LE .M )GO TO 324 FF101322
GO TO 327 FF101323

3 2 5  X 2 = F E F L ( L 1 )  55101324
DO 326 L3=IPA ,I 51101325
13=12 95101326
L4=I+IPA—L3 FE101327
X2=X2*EXP (—ABS (L4,L1)) 8E101328
DO 326 J=1 ,JVL FF101329
S (L 4,J) =S (L4 ,J) + (X3—X2) t h u  (J) / ( Z H  ( L 4 )  —ZN (L4— 1)) FE1 01330
IP(S(L4 ,J).LT.1.E—1C/DPULSE )S (LL4 ,J)=O. 85101331

32 6 C O N T I N U E  8110 1332
327 C O N T I N U E  51101333

IHT=1 5110133 4S 
R E T U P S N

C ~~~~~ NO H E A T  D E P O SI T I O N ,BEAM OFF 51101336
340 DO 3142 1 1 ,M 3  FF 1 0 13 3 7

DO 342 J= 1 ,N 3  F F 1 0 1 3 3 8
342  S ( I ,.1)=0. 91101339

IHT=0 51101340
RFTUFSN 5 11013 41
END 51101342
S U B S O U T I N E  M X G F A N  F F 1 0 1 3 4 3

~~~~~ THIS POUTINE COMPUTES CONSEQUENCE OF GSAN ULAF ABSOFPT ON ON 1-110134 4
C ~~~ TIMPEFATUFE VAPIA TIONS IN FE. (USED ONLY ON CE.) 81101345

C O M M O N  A ( 2 9 ,3 ) , AP ,A A V ,A CH ,A P E , A S C ,ATS ,A VL ,B ( 1 4,3 ) , BB ,BV( 14 , 3 ) ,  51101346
1CONX(6) ,CON (29),CUT ,DFLOW (6) ,DPULSE ,DR ,DT ,D TX ,DZ ,FL ,HF(1 4), FF101347
21A 0(29,1 4),IBLOOD(1C ),I F I L ,1G .IGX ,IHT ,IP A ,IPC ,1PE ,I P F O F ,IPS ,IPT , 811013 48
3IP V ,IV(29) ,J V L ,LI M ,L P A ,LPC ,LP E ,Lps,LPV ,L PX ,L T M A X ,K ,K M ,K ,M ,M1 ,12, FF101349

H 4M3 ,N ,N 1 ,N3 ,N4 ,N V L ,P OX ,PR(1 4),P T I M E ,QP ,F (1 4)r RCO ,? IN ,P N ,F P E ,F R T , 51101350
S B V L , P SC , S ( 2 9 , 14) ,SH B ,T A V ,TCH ,T OM ,TPF ,T V L ,T S ( 2 2 0 0 ) ,TSC ,TT S , V ( 2 9 , 14) 8 1101351
6,VC(20,14 ,120),VSh (29),VSRX (6),WA V FL, XC ,X F L O W ,XFLO bI (6) ,XFLO WO(6),51101352
7XPD (120),XT(120) ,Z ( 2 9) , ZD(8),Z M ,FLO WI (14),FLOWX( 1 4),PIJPIL ,S I G M A , F F 1 0 1 3 5 3
IPST (10),A P E 1 ,A P E 2 ,R I N T ,ZO ,FLO ,C A B E E ,C A B E P 2 ,PP ,PC ,N B ,NC ,FC SF 101 3 54
L5=1 51101355
BT= .3E—t 3 91101356
I F ( I P P T ( 7 ) . E Q . 0 ) C C  TO 407 FF 1 0 13 5 7
WRITE(b ,403)  F F 101358

403 FOF~~A T ( 1 H 0 ,48NN05MALIZED TEM PESATURE RISE.S OF MELANIN G?ANULES) 51101359
W E I T F ( 6 ,LeCS )LTNAX ,BT 11101360

405 F O R M A T ( 1 H 0 ,51,6F I L T M A X ,14 ,2 X ,3HFT= ,E8. 3) 81 101361
407 IF (DPULSF.GT .1.CE—5)GO TO 494 51101362

S 

-~ L P T = D P U L S F / . 3 L — 8  FF101363
L 7 = L T M A X — 1 0  5510 1364
)C 410  L 1 ,L7 , 1O F E 10 13 6 5

L 1 = L + 1  F E 1 O 1 3 6 b
L2=L +9 5E101367
X 1=TS (L) FE101368
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X2=TS (L+1) )—11 FF101369
13=0.  P 110 137C
00 4 1 0  L 3 = L 1 ,L2 51101371
X3=1 3 + .1 51101372

-~10 TS (L3)=11+X3’X2 9E101373
L T T= 2  5110 137 14
XPD(1)=1 .0 5 65101375
IF (LPT.GE .LTMAX )GO TC 472 91101376

C *** CASF FOR LPT LESS THAN LTMAX 51101377
4140 IF(XT(LTT).GE ..3E—8)GO TO 1442 FF1C1374

XPD (LTT)=TS(1) FF10137 9
LrT=LTT +1 81101380
GO 20 4140 11101381

1442 TI~~EX=XT (LIT) 71101382
XX TIMEX /BT+ .000001 51101383
LX X X  - 51101384
P T = L X  5E 1C 138 5
I F ( L X . G T . L P T ) P T = L P T  55 101386
P0=0. 55101387
IF (LX .GT.LTMAX ) PO LX— LTMAX 5E101388
I F ( L X . G . L P T ) G O  TO 144 3 55101389
L 1 1 FE 101390
L2=LX FF101391
GO TO 4146 FF101392

4143 IF (L~(.GT.LTMAX)GO TO 4 14 4 51101393
L 1=L X + 1 — L PT 51101394

• L 2 = L X  R E 1 0 13 9 5
GO 10 44r ,  51 101396

1 4 4 1 4  IF (LX.L”’.LTMAX+LPT)GO TO 1445 55101397
Lc=LT T 55101398
GO T O 4~~4 Sf101399

~145 L1 LX LP’ +l sEloluoo
L2 L T M ! k X  5510 1401

~~~~ X2= PO 55101402
DO 1414 8 L 3 L1 , L2 - 5510140 3

1 4 4~ X = X 2 + T S ( L 3 )  5E 1014014
XP S (LIT)=X2/PT 5E101405
L T T = L T T . 1  55 101406
IP (LTI.LF.K1)G0 TC- U42 FF101407
GO TO 4~~ó 55101408

C ~~ C A S E  FC? LT1~~X LIII THAN LPT 55101409
.72 TIMEX X (LTT) 511011410

XX=TIM EX /BT+ .CC’0001 5510 14 11
LX=XX FF101412
PT=LX 5E1011413

S - IF (LX.C.T.LtT) P1=LFT 5E101414
FO O. 55 101415
IF(LX.GT.LT TIA X) PO LX— LTNAX 5E101416
I F ( L X . G T . L P 2 ) C.O TO 473 55 101417
L 1 1  5510 1418

-~ L 2 L X  55 101419
IF (L1.GT.LT~~AX) L2rITMAX 55101420
f ;~ ) TO 1475 55101421

-~~ 1473 IF (LX.L :.LTM~~X +Lf-1)GC TO 1474 FF101422
LI L T T  RE101423
CO TO 4~~4 55101424

‘ ~ ‘~~ - 4714 Li LX—L ~’~~~
1 51101 425

~
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L2~ LTMAX 55101426 •!
47~ X 2~~PO 55101427

10 1476 L3=L. 1 ,L2 FF101428
1476 X 2 ~~x 2 + T S ( L 3 )  55101 1429

XPD (LTT )=X2/FT 51101430
L T T = L T T , 1  FF 101431
I F ( L T T . L E . I < T ) G C  TI - 1472 51101432
GO TO 496 55101 433

C ~~~~~ F N E ;  C A L C U L A I CN IF  : E M P E F A T U S F . S  V E R Y  U N I F O S M  FF 1 0 1 4 3 4
4 9 1-1 I 5 ( L 5 . G T . K T ) G O  IC  49f 51 101435

DO 1495 L 1 = L 5 ,K T 8 1 1 0 1 4 3 6
-4 95 X P D ( L 1 ) = 1 .  51101 1437
4 9 6  I F ( I P ~~T ( 7 )  . F Q . O )  ~ 1 T U F N  P E 10 1 43 8

W F I  ~~ 1 (~s~ 4 9 7 )  ( 100 ( L i )  , L 1= 1 , N T )  F f 1 0 14 3 9
4~~7 Fosr1AT (1H0 ,sx ,14Hxr~D=/ (1F1 ,5X ,10F 8.2)) 51101440

L~F T U P N  51101441
I N D  FF101 442
S U B r O U T I N E  8L O O r  5 E 10 1L 4 4 3

C ~UBF OUTINE BLOOD COMPUTES CHANGES IN MATRIX ELEMENTS A AND B DUE 5E10144l4
5 C TO BLOOD FLCW 85101445

C O M M O N  A ( 2 9 ,3 ) , A F ,A A V , ACH , A P E , ASC ,A T S , A V L , B ( 1 L 4 ,3 ) , BB ,B V ( 1 1 4 ,3 ) ,  R E 1 0 1 4 l 4 ó
1 CCNX (o ) ,CON (29),CUT ,DFLOW(6) ,DPULSE ,D5 ,DT ,DTX ,DZ ,FL ,I-fP (14) , 511011447
2 1A 8 (2 9 ,14), IBLO OD(10) ,IFIL,IG ,IGX ,IHT ,IPA ,IPC ,IPE ,IPF OF,IPS,IPT , 9E1O1448
310V ,TV (29) ,JvL ,LIM ,LrA ,LPc ,LPE ,Lps ,LPv ,LPx ,L T M A X ,K ,KM ,K:,M ,M1 ,M2 , 51101 449
3N3 ,N ,N1 ,N3 ,N14,NVL ,POX ,PR (1 4),PTIMF ,QP ,R ( 1 4) , FCO ,FIM ,FN ,F P F ,RRT , r’F10145 ’~
S ? V L , FS C , s ( 2 9 , 14) ,SFJ N , :AV , TCH ,TO M ,TPE ,T V L ,T S ( 2 2 0 0 ) ,TSC ,TT S , V ( 2 9 , 14 ) 5 E 1 0 1 4 5 1
6,Vc (~~9,14 , 120) ,VSN (29) ,VSHX( 6) ,u~AV EL ,X C 1 XFL Ow ,XFL OwI(6) ,XFLO WO (6) ,8E101452
7 X P D ( 12 0 ) ,XT(120) ,7(29),ZD(8),ZM ,FLOWI ( 1 4) , FLOWX (1 4),00PIL ,SIG M A , FF101 453
BIPFiT (10) ,AP L 1 ,AP12 ,RINT ,ZO ,FLO ,CAB EF ,CA B E P2 ,PP,PC ,NB ,NC ,FC 5E1O145 4
L)IMFNSI ON SD (14) ,I-H(1 4),II(114),XO(1U) FEiO14SS

C *~~~~ INITIAL EVA LUA TICN OF PA FAME TEFS AND AS SAYS Ff101 456
DO 800 J= 1 ,N3 51101457
BV (J ,1)=0. FE101458
BV (J ,2) O. 811011459
BV (J , 3 ) = O .  51101460
FL0~4 I ( J ) = 0 .  81101461

800 F L C W X ( J ) 0 .  5110 1462
5

5 2H (1)=R(2)/2. F F 1 0 1 4 6 3
DO 803 J=2 ,JVL R~~1O1464

r 3 0 3  PH (J) (R (J)+? (J+1))/2. 51101465
L 2 = 2  F E 1 0 14 6 6
00 810 J= 1 ,JVL 51 101467

805 : 1 ( D F L O W ( L 2 ) . G T . s n ( J ) ) G o  TO 806 51 101468
L2=L2 +1 51101469

S GO TO 805 - 51101470
836 K 1 = D F L O W ( L 2 ) — D F L O W ( L 2 — 1 )  5E 10147 1

X2r 8# (J)— DFLOW(L2—1 ) 51101472
X3=12/X1 51101473
X I ( J ) - =  X F L C ) W I ( L 2 — i ) + X 3 * ( X F L O W I ( L 2 ) — X F L O W I ( L 2 — 1 ) )  5E 10 1L 4 7 4  S

1110 XO(J)= X?LQWO (L2—1)#X3*(XFLO ~lO (L2)—XFLOWO (L2— 1)) 55101475

F~ 
1 1 . O W X ( 1 ) = 0 .  81101476
DO 812 J=2 ,JVL 81101477

11 12 FLOWIC (J)=FLCWX (J_1) + (XI (J_1)_XO (J_1))* (S (J)*R(J)_R (J_1)*R (J_1))/ 55101478
1( 2 . *T V L )  51101479
FLOWX (JVL+ 1 )=FLOWX(JVL) P51014480
L2=2 55101 1481
FLCW I (1)=XFLOWI(1 )/TVL sF101482
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DO 820 J= 2 ,J V L  5E 10 14 8 3
8114 I F ( D F L O W ( L 2 ) . G T . P ( J ) ) G O  TO 516 FF10 1 484

L2 L 2 + 1  5110 1485
GO 10 814 5L101486

816 X4 DFLOW (L2)—DFL OW (L2—1) 51101487 - -

X 5 = ~ ( J ) — P F L C W ( L 2 — 1 )  5110 1488
Xo=X5/14 - 51101489

82 0  FLO~~I (J)=(XFLO hI(L2—1)+Xb* (XFLOWI (L2)—I?LOWI (L2—1 )))/TVL 811011490
DO 823 J=2 ,JVL 55101 491 

- 
-

8 2 3  FD(J)=1./(5 (J)*(5 (J+1)—P (J—1 ))) 55101492
5 S ~ ~~~ CALCULA 1 CHANGES IN MATRIX ELEMINTS A AND B DUE TO BLOOD FLOW 51101493

BV ( i ,1)=0. 81101 494
BV ( 1 ,2)=—SHU*FLOWI(1)/2. 51101495
BV ( 1 ,3)=0. 51101 496
BB=_ SHB*XFL OW/2. SF101497
DO 925 J=2 ,JVL 71101498 5

BV (J ,1)= SHB*RD (J)*FLOWX (J) BE101499
BV (J ,2)=SHB*FD (J)* (FLOWX(J— 1)— FLOWX (J +1))/2.—SHB* FLOWI(i)/2. 51101500

825 BV (J,3)=— SHB~ PD (J)*FLOWX (J) 51101501
S DO 835 I=IPA ,M 

5 
55101502

83~ IV(I)=O 5E101503
DC 840 L 3 1 ,NVL 5E101504
L 4 = I B L O O D ( L 3 )  F F 1 0 1 5 0 5

814 0 IV(L14)=i 51101506
DO 845 I = I P A ,LPS FF 1 0 1 5 0 7
DO 8 4 2  J=1 ,JVL 51101508

8142 IAB (I ,J)=0 51101509
IF(JVL.FQ.N )GO TO 8145 FF101510
L 1 = J V L + 1  R E 1O 1 S 1 1
DO 843 J=L1 ,N 81101512

8143 IAB (I ,J)=1 81101513
845 CONTINUE SF 1 0 1 5 1 4

DO 350 I = I P T ,M 5110 1515
DO 950 J 1 ,N R E 1 O 1 E 1 6

1150 lAB (I,J)=1 FF101517
R E T U R N  5110 1518
END 5110151 9 - -

1519 RECORDS PRINTED
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C R E T I N A L  MODEL IITRI 55200001
C VERSION 2 14 NOV 1975 55200002
C TEMPERATURE AND DAMAGE PREDICTIONS IN AND ABOUT RET CAUSED BY LASERS 5520000 3
C EFFECTS OF MELANIN GRAN ULES NOT INCORPORATE D IV PROGRAM 55200004
C 52200005

COMMON A(29 ,3),AAV ,ACH,APE ,ASC,ATS,AVL ,B( 1 4,3),BB,BV (114,3), RE200006
1CONI(6),CON (29),CUT,DFLOW (6),DPULSE,DR,DT ,DTX ,DZ ,FL,HP(14), 52200007

S 21kB (29 ,14) ,IBLOOD(1O) ,IFIL,IGX ,IRT,IPA ,IPC,IPE,IPROF,IPS,IPT, 55200008
3IPV ,IV(2 9) ,JVL ,LIM,LPA ,LPC,LPE,LPS,LPV ,LPX ,K .EN ,KT,N ,N1 ,!2, 55200009
44M3,N,N1,N3,N4,NVL ,POX,PR(14),PTI M E,QP,R(114),14C0,FIN,RN,RPE,RRT , 52200010
5RVL ,RSC,S (29,14),SHS,TAV ,TCH,TOM ,TPE,TVL ,TSC,TTS ,V (29,114) 55200011
6,VC (29,144,120),VSH (29),VSHX (6),WAVEL ,IC,XFLOW ,XFLOWI (6),IFLOW O(6),5E200012
7XT(12O),Z(29),ZD(8),ZN,FLOW I(14) , FLOWX(14) ,PUPIL,SIGMA , 55200013
8IPBT(1O) ,A PE 1,AP E2 ,RINT ,ZO ,FLO,CABE F ,CABER2 ,PP,PC,NB,NC ,FC RE200014

F 
DIMENSION CXc(14),CXR (29),DAMA GE (2,2),DXC(14),DIR (29) ,FTIME(38), RE2000 15 S

1FXC(14),FXR (29),ID(23C),JD (230),KTT (38),NPT(38),NPULSE(7),NRUN (7),RE200016
2Q D(29 ,144) ,EEPFT (7),TIMEX (10),XCT(38),XQD(2 9 ,14),VE(27 ,120 ,1), RE200017
3VXX (29,14),VZ(27,42,8,1),ZT(8),ZTT(8),SAVRGV(1O) 55200018

REAL LESION RE200019
2 FORMAT (10F7.3) 55200020
3 FORMAT (F7. Le ,317) 55200021
44 FORNAT (11F7.2) RE200022
5 FORMAT (1017) 55200023
6 FORMAT (57.2 ,17,217.2) 552000214
7 FOENAT(10E7.2) 55200C25
8 FORMAT (17,357.2) 5E200026
9 FORMAT(F7.2 ,217,F7.2) RE200027

300 PEAD(5 ,4,END=200) (FTIME(L) ,L=1 ,38) 55200028
READ (5,5) IPRT 55200029
READ (5,3) RIM ,LIM ,IFIL,IGX 55200030
READ (5,9) RMAX ,LIMAX ,MAXPRT ,LESION 55200031

C *** SET VALUES FCR MTEST,N,N1 ,N3 ,N4, AND DR 55200032
NTEST O 55200033
N1=L4 PE200034
N=N1+9 5E200035
N3 N+ 1 FF200036
N4 N1+1 55200037
READ(5 ,8)IPPOF,POW .CUT 55200038

S DR LESION/LIM RE200039
I F ( I P R O F .E Q . 0 ) D R = R I M / ( L I N - .5) SF200040
BEA D(5 ,7)DPULSE 55200041

S 

- 
READ(5 ,5)NTEST,(NRUN (L),L=1 ,NTEST) 55200042

S BEAD (5, 7) (REPET (L) ,L=1 ,NTEST) 5E200043 S

REA D(5 , 5) (NPULSE (L) ,L=1 ,NT EST) RE200044
S REA D (5,5)ID1,1D2,JD1,JD2,IT!PE 55200045 

5

S LPX=1 RE200046
IP (NTE ST.EQ.1.AND.NPULSE(1).EQ.1)LPX O 5E200047
XDPULS=DPULSE RE2000448
XXQ=1. RE2000149
IF(DPULSE.GT..3E—8)GO TO 10 55200050

S 
C *** ADJUST POWER AND PULSE WIDTH FOR EXPOSURES WITH PULSES LESS THAN RE200051

~ *** .35—8 SEC RE200052
S XXQ .3E-8/DPULSE RE200053

POW=POW*DPULSE/.3E—8 R5200054
S
. DPULSE= .3E— 8 5E200055

10 RE&D(5,44)T0,EDT1 ,EDT2 RE200056
READ(5 ,4 )TO M ,APE ,AVL ,ACH ,ASC ,ATS ,RCO,RRT ,RSC ,RPE,WAVEL 55200057
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READ (5,4) TAV ,TPE,TVL ,TCH ,TSC,RVL R5200058
AAV=—ALOG (TOM) /TAV RE200059
RFAD (5, 4) (CONX (L),L=1 ,6) 55200060
REA D(5 ,L$) (VSHX(L) ,L 1 ,6) RE200061
READ (5,5) (NPT (L) ,L 1 ,38) SF2000 62
READ (5,2) (XCT (L),L~ 1,38) 55200063
REA D (5,5) (KTT (L),L 1 ,38) 55200064

C *** COMPUTE DT,KM ,KT ,NP,PTIME,TIME, AND XC 55200065
L1 ALOG(DPULSE)/.69315+29. RE200066
IF (L1 .LT.1)L1=1 5E200067
IF(L1.GT.38)L1 38 5E200068
IF(LPX.EQ.1)G0 TO 11 55200069

~ *** ———SINGLE PULSED EXPOSURES 55~~~ 55200070
XC XCT (L1) s5200071
NP=NPT (L1) 

S 
5E200072

KT=KTT (L1) 5E200073
DT=DPULSE* (XC—1 .)/(XC**NP—1.) 55200074
TIME DT* (XC**KT—1.)/(XC—1.) 55200075
GO TO 13 55200076

C *** ———MULTIPLE PULSED EXPOSURES RE200077
- - 11 XC=1. L4 55200078

N P 5  RE200079
11=0. 5E200080
DO 12 L=1 ,NTEST 55200081

5 IF (X1.LT.NPULSE (L)/REPET(L) )X1=NPULSE (L)/REPET (L) 55200082
12 CONTINUE 55200083

TIME=FTINE (Li) *11 55200084
S DT=DPULSE*(XC—1.)/(XC**NP—1 .) 55200085

IcT ALOG(1.+TIME* (XC-1.)/DT) /ALOG(XC)+1. RE200086
PTIME=DPULSE/NP RE200087

13 KT=KT+1 
- RE200088

KN=NP+1 55200089
IF (KT .GT.119) WRITE (6,14) KT 55200090

14 FO BMAT( 1HO ,3HKT ,13,2X ,22HTIME DIMENSION TOO LOW) - RE2000 91
IF(KT.GT.119)STOP 55200092

C *** CALC. DZ AND I INDICES RE200093
M 1 6  5E20009 4

• M 2 *N 1+16  RE200095
M2=M/2 sF200096
M 3 M +1 sF200097
1PE N2—M 1+2 

- 55200098
DZ TPE/M1— 1.E—25 P5200099
IPA=2 RE200IOO

~ *** STORE AXIAL DISTANCES TO INTERFA CES OP EYE 55200101
ZD(1) 1.E—25 RE200102
ZD (2) - TAV 52200103
ZD(3) ZD(2)+RPE*TPE 522001014
ZD(4) ZD (3)+(1.—RPE)*TPE 55200105
Z D ( 5 ) Z D ( 4 ) +TV L RE200106
ZD (6) ZD (5) +TCH RE200 107
ZD(7) ZD(6) +TSC 55200108
ZD(8) ZD (7)+1O. 52200109

S CALL GRID R2200110
S 

NVL~ LPV—IPY+1 RE200111
C *** CALCULATE AND STORE 1,3 INDICES AT WHICH TEMPERATURES ARE PRINTED RE20011~

ID1=ID1+IPE RE200113
ID2~ ID2+IPZ R52001 14
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IF(ID1.LT.IPA) ID1=IPA 55200115
IF(1D2.GT.M)1D2=M SF200116
IF(3D2.GT.N)3D2=N ~~200117
IF (IPRT(1).E Q.O)GO TO 23 55200118
WRITE (6,15) ID1,1D2,JD1,JD2 5E200119

15 FORMAT (1H 0,5X ,4H1D1= ,I3,3X ,1481D2 ,13,3X ,4HJD1L ,12,3X ,4HJD2= ,12) 55200120
W RIT E (6,16) DR ,DZ RE20012 1

1€ FORMA T ( 1HO ,51,3BDR= ,E11.L4,2X ,3HDZ ,E1 1.t4) SF200122
WRI T E (6 ,17)IPA ,IPC,IPE,IPS,IPT ,IPV ,LPA ,LPC,LPE ,LPS ,LPV SF200 123

S - 17 FORMAT ( 1H0, 5X ,LIHIPA= ,13,21,4HIPC= ,13,2X ,4HIPE= ,I3,21, 4HIPS=,I3,2X ,RE20~ 124
114BIPTZ,13,2X ,I4HIPV= ,13/1H ,5X ,4RLPA= ,I3 ,2X ,’4HLPC=,I3,2X ,4HLPE~ ,I3,RE2O0 125
221, 4HLPS= ,13,2X ,4HLPV= ,13) 55200126

W RITE (6,22) N ,M1 ,N ,N1 55200127
22 FORMAT(1 HO ,5X ,2HM= ,12,2X ,311M1=,12,21,2HW= ,12,21,38N1= ,12) R5200128

WRITE (6,18) (5 (3) ,J=1 ,N3) 55200129
18 FORMAT (1HO ,5X ,2HR=/(iH ,51,10P8.L4)) 55200130

S WRITE (6,19) (Z(I),1 1,M3) SF200131
19 POEMAT (1H0,.5X ,2HZ=/(1H ,5X ,10F8.4)) 5E200132
23 DO 20 Li=i ,NVL 5E200133
20 IBLOOD (L1)=IPV+L1—1 5E2001314

C *** CALC. NORMALIZED LASER PROFILES-—— 55200135
DO 21 L 1 ,N3 RE200 136

21 HR(L) 0. 55200137
POX=POW RE200138
CALL IMA GE 5E200 139
DO 27 J=1 ,N3 55200140
DO 27 I=1 ,M3 RE200141
V(I,J)=1.E—1 0 RE200142

27 S(I,J)=O . RE2001143
READ (5,2) SHB,XFLOW ,CFLOW RE2001444

C *** SET BLOOD FLOW RATES ENTERING AND LEAVING VASCULAR LAYER AS SF200145
C *** FUNCTION OF RADIAL DISTANCE 5E200146

X2=CFLOW/(3.1416*EVL*FVL) 55200147
DFLOW (1)=0. RE200148
14=0. 

5 
RE200149

DO 30 L 1 2 ,6 RE200150
-  

X4 X4+ .1 P5200151
30 DFLOW(L1)=X4 55200152

DO 31 L1 1,6 55200153
XFLOW I (Li ) X 2 RE200154

3 1 XFLOWO(L1) X2 55200155
DO 314 I=1 ,N3 55200156
DO 34 J=1 ,N3 55200157

34 VC (I,3,1)=1 .E— 1O RE200158
XPOW=XX Q*POW RE200159

• BEA D(5 ,8) KTYPE O RE200 16O
PEAD(5 ,8)KTY PE 55200161
L1 KTYPE RE200162
IF(KTYPE.EQ.O)L1 1 55200163
READ (5,7) (T IMEX(K) ,K=1 ,L1) RE200164

- S R EA D(5 ,5)II1,I12,113,J.J1 ,J32 
- RE200165

C **~ START OF TEMPEBATUFE CALCULATIONS FOR ONE PULSE. TO BE USED EITHERRE200166
C ~~** FOR MULTIPLE OR SINGLE PULSED EXPOSURES RE200167
C 55200168

XT(1) 0. 5E200169
DTX DT RE200I7O
KTX KT +1 55200171
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DO 36 K=2 ,K T X RE2 0 0 172
XT(K) 1T (K—1) +DT 55200173

36 DT=XC*DT R5200174
IK X = T I M E * *E D T 1 + E D T 2  5E200 175
IF (IKX.LT.1)IIcX=1 RE200176

S XL=2*IKX SF200177
RE2 00 178

IHT=2 RE200179
- 

- ITYPEX ITYPE RE2 00180
CALL BLOOD EE200 181

38 DT XT (K)—XT (K—1) 55200182
IF (K.GT.KM) QP O. RE200183
CALL HTXDEP 55200184
IF (K.GT.2)GO TO 41 P5200185

~~ IF (IPRT (2).EQ.0) GO TO 335 RE200186
WBITE (6,30 1) 55200187

301 F O R N A T ( 1 H O , 13 H L A S E R  PROFILE)  RE2 001 8 8
IF(IPROF .EQ.0)WRITE (6,302)RIM 55200189

302 FORMAT( 1HC ,5X ,14851M= ,E10.3) RE200190
IF (IPROF.EQ.1)WRITE (6,303) SI GMA ,RI M ,CUT RE200191

303 F O R M A T ( 1 B 0 , 5X ,6 H S I G M A = ,E 10 . 3 ,5X ,4 1151M ,E10 .3 , 51,4H CU T= ,E 1 0 .3 )  SF200192
I F ( I F I L . E Q . 1) W B I T E (6 , 3 0 4 4 ) R I N T ,ZO ,FLO ,CA BER ,C A B E B 2 ,PP ,PC ,NB ,NC ,PC , 55200193

1 W A V E L  B5200 194
304 FORMAT( 1 HO ,SX ,5 H R I N T ,E1O.3 ,3X ,35Z0 ,E1C. 3,3X ,4HFLO= ,F6.3/1H .51, RE20019 5

S 16HCABER= ,E1O .3 ,3X ,7HCABEB2=,P7.O,3X,38PP ,F6.3/1H ,5X,3RPC= ,F6.3, 55200196
23X ,3HNB= , F7.3,3X ,3HNC ,F7.3/1B ,SX ,3HFC= ,F6.3,3X ,6HWAVEL= ,F7.1) RE200197
IP(IFIL.EQ.1)G0 TO 306 55200198
IF (IPFOF.EQ.2) WElTS (6,305) RINT 55200199

-
5 305 F O R M A T ( 1 H O ,5X ,SHRIN T ,E10.3) RE200200

306 WRI’rE(6,3 0 7 ) Q P  R520020 1
307 FORMA l (1HC ,SX ,35Q5 ,E10.3) 55200202

WR I T E (6 ,308)(HR (J),J=1 ,N) 55200203
308 F O R M A T ( 1 H 0 ,5X ,3H85=/ (1H ,10X ,1OE1O.3)) RE200204
335 I F ( I P R T ( 3 ) . E Q . O ) G O  TO 314 0 55200205

W R ITE (6 ,309) Sf200206
309 FOPMAT (1H0 ,1SHDATA IDENTIFICATION) 55200207

W R I T E  (6 ,310) (55557 (L) ,L=1 ,NTE ST ) R 52002O8
310 FORMAT (1HO ,5X ,6HREPET=/(1H ,5X ,1OE1O.3)) RE200209

P W R I T E  (6 , 311)  ( N P U L S E ( L ) ,L= 1 ,N TE ST) Sf2002 10
311 FO5!IAT (1HO ,5X ,7HNPULSE=/(1H ,5X ,1018)) p5200211

WRIT E (6 ,312 )A A V ,ACB ,AP !,ASC,ATS,RCO ,RR T ,RP E ,TON ,AVL ,TAV ,TCR ,TPE , RE2002 1 2
1TSC ,TVL ,I GX ,IFIL ,IPEOF ,LIM ,NTEST ,PO W ,XD P ULS ,BIPI ,B M A X ,TI ME ,CFLOW , RE2002 13
2 IF LO W ,SllB,EDT1,5D12 ,DT ,KM ,KT ,PTIME-,XC ,I!CX ,A PE 1,APE2 ,RVL , 55200214
3 P U P I L ,T0 ,L I M A X ,M A X P F T  Sf200215

• 
5 312 FOSNAT (1HO ,5X , 4HAAV= ,57.1,21,4HACH= ,F7.O ,2X ,4HAPE= ,F7.O,2X ,4HASC=5E200216

1 ,F7 .0 ,2 X , 45A 15= ,F7.0/ 1H ,51,4HRCO ,P7. 4,2X ,4855T= ,F7.4, 2 X ,l$SRPE=, RE2002 17
2F7. 4,2X ,4HTON ~,F7.4,2X ,UH A V L ,F7.0/1H ,SX ,4HTAV= ,E9.3,2X ,40TC5 , 55200218
3E9.3, 2X ,14HTPE ,E9.3,2X ,4H TSC~~,E9.3,2X ,4HTVL~~,E9.3/1H ,5X,4HIGX= ,1255200219

S L4 ,2 X , S H IF I L = , 12 ,21,6 HI P R O F = ,I2 ,2X , 4H L IPI = ,12 , 2X ,6HN TE S T ,12/ 1H ,51, 5E 20022 0
~~ -~ 54HPO W ,E 9 . 3 , 2X ,7HDPUL SE ~~,E 9 . 3 ,2X , 4 H F I M = ,F 7 .4 ,2I ,5H5 M A1 ,?7.4 ,2X , RE20 0221

6 S H T I M E = ,E 9 .  3/ 18 ,51,6II CFLOW= ,F 7 . 4 ,2X ,6 H I F L C h = ,57 .4 ,2 1,4HS H B = ,17.2 ,5E200222
72X ,585DT 1 ,F7 . 4 , 2X ,5HE DT2= ,P7.4/ 1 8 ,5X , 3HD T= ,59.3, 2X ,311Kfl ,13,21, 55200223
8311K-T= ,13 ,21,68571ME ,E9.3,21,3111C ,F5. 1/18 ,5X ,4HI~~X= ,I2,2X , R5200224

f 9 5HAPE1= ,F8.2,2X ,SHAPE2= ,P8.2 /18 ,51,IIRR VL , 55200225
1F 6 .3 , 2 X , 6 H P U P I L ,F6.3 ,2X , 38T0= ,F5. 1 ,2X , 6 H L I M A X = , 12 , 2X ,7BM A XPR T= , RE20 0226  

S

212) sF200227
3 140  I F ( I P R T ( 4 )  .E ~~.C) GC 70 355 55200229

92
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WRIT E(6 ,313) 55200229
3 13 FOEMAT( 1RO ,3OHBLOOD FLOW AND HEAT DEPOSITION) FF200230

W RITE (6,314) (FLOWI(3) ,J 1 ,JYL) RE2 002 31
3 144 FORMAT (1HO ,51,6HFLOWI /(1H ,51,1OEIO.3)) 55200232

W RITE (6,315) (FLOWX (J) ,3=1 ,JYL) 55200233
315 FOPMAT(1HO ,SX ,6HFLOWD/(1H ,5X ,1OE1O.3)) SF200234

W RITE (6 ,316) 55200235
3 16 FORMAT( 1H ) RE20023 6

DO 318 I=IPA ,N 55200237 -

WRITE (6,317) (S (I,J),3 1 ,L4) Sf200238
3 17 FORMAT (18 ,5X ,2HS=,10E8.3) 51200239
318 CONTINUE 55200240
355 IF (IPRT (5).EQ.0)GO TO 14~~ 55200241

W R I T E ( 6 , 3~~9) 552 00242
319 FORMAT (1H0 ,17HTEMPERATUSE RISES) 55200243

JCNT=3D2-JD141 5520024444
IF (JCNT.GT.9) GO TO 40 SF200245
GO TO L41 55200246

40 J.JCNT=3CNT—9 BE200247
33D2 J D 2 — J J CN T  SF2002 4 8
JJD2PI JJD2+1 51200249

41 IF (IPRT(5).EQ.O)GO TO 356 5E200250
WRIT E (6,42)XT (K),K 55200251

42 FORMAT (1HO ,5X,5HTIME= ,E11.4,3X ,2HK ,13) 51200252
C *** CALCULATE TEMPERATURE RISE (MDLTRIX REDUCTION ALGORITHM ) 55200253
C *** COLUMNS(NOBMAL) RE200254

356 IK=1 55200255 -
43 DO 445 I=IPA ,M 55200256

W=XX*VSH(I)/DT 51200257
DO 44 J 1 ,N 51200258
F X C ( J ) = W + C O N ( I )*B ( 3 ,2 ) — B V (3 ,2 ) *I V ( I ) — B B *I A B ( I ,J) 55200259
IF(J.GT.1)FXC (J)=FXC (3)+(CON (I)*B(3 ,1)+BV (J,1)*IV (I))*CXC (J—1) 51200260
CX C ( 3 ) = —  (CON ( I )*B (3 ,3 ) + B V ( J , 3 ) *I V ( I ) ) / F X C (J) F f 2 0 0 2 6 1

- 
- SUM (W_ (A (I,2)_BV(3,2)*IV (I)_BB*IAB(I ,J)))*V (I,J) +A( I,1)*V (I 1 ,J)45E200262

1A (I,3)*V (I+1 ,J)+S (I,J) FF200263 S

DXC (J) SUM/FXC (3) 55200264
IF(J.GT.1)DXC (J)=(SUN+ (CON (I)*B(J ,1)+BV (J ,i)*IV(I))*DXC (J_1))/FXC(51200265
13) 55200266

44 CONTINUE 51200267
-~~ VX=0 . 51200268

DO 45 L=1 ,N 55200269 
-

3 N+1—L 51200270
VX DXC (J)—CXC (3)*VX FF200271

45 VXX (I,J)=VX 55200272
S DO 46 I IPA ,M 55200273

- S DO 46 J=1 ,N 55200274
46 V( I,J)=VXX (I,J) Ff200275

C *** ROWS (NORMAL) Ff200276
CIR (IPA—1) 0. 55200277
DO 50 J 1 ,N 51200278
DO 48 IIPA ,M SF200279
W=IX*VSH(I)/DT 55200280
FIR (I)=W +A(I,2)_BV (J,2)*IV (I)—BB*IAB(I ,3) +A (I ,1)*CXR (I—1) SE200281

•4 CXR (I)=— A (I,3)/FX R(I)
t~ 

SUM= (W_ (CON (I)*8 (3,2)_FV (J ,2)*IV (I)_BB*IAB (I,J)))*V (I,3)+(CON (I)*
1B(J ,3)+BV (3,3)*IV(I))*V (I,3+1)+S (I,3) 55200284
IF(3.GT.1)SUM SUM+ (CON (I)*B (J,1)+BV (3,1)*IV (I))*V(I ,3—1) 55200285

- ~~~~~~~~~~~~~~ - 
~~~~~~~
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DIR (I) =SUM/FIR (I) 55200286
— 

F(I.GT.IPA)DXR (I)=(SUM +A (I ,1)*DXR (I—1))/FXP (I) FF200287
148 CONTINUI 51200288

v x = 0 .  ~ s2O 0289
DO SC L=IPA ,M 5E2002V0
I=M +IPA— L 55200251
V X~~D X 5  ( I )  — d R  ( I )  *VX 5E 2 0 02 9 2
V C ( I ,J,K)=VX Sf200293

E-O VXX (I,J)=VX sF20029”
DO 51 I=IPA ,M 55200295
DO 51 J=1 ,N 55200296

51 V(I ,J)=VXX(I ,J) 51200297
IK=IK+1 51200298

C *** RECYCLE TEMPERATURE CA LCULATIONS 5E200299
IF(IK.LE .IKX)GO TO 43 Ff200300
IF (K.EQ.KN) GO TO 62 SF200301
I F ( I T Y P : X . L T . I T Y P E . S A N D . K . L T . K T ) GO TO 66 55200302

€ 2  IF ( I P R T ( 5 ) . E Q . O ) G O  TO 357 R E 2 0 0 3 0 3
W RIT F (6 ,63) (R (J) ,3=JD1 ,JD2) FE2003C14

63 FO RMAT (1 H ,13X ,2HF =,9F13.5/1H ,15X ,30H 55200305
1—— ) 55200306
DO 65 I=ID1 ,1D2 RE200307
X1=Z(I)—Z (155) +DZ/2. RE2003O8
IF (JCNT.GT.9)GO TO 57 RE2003O9
W RITE (6 ,64) Xl , (VC(I,J,K) ,J=JD1 ,JD2) 55200310
GO TO 65 RE 2 0 0 3 ’l

57 W F I T F ( 6 , 64) X 1 , (V C (I ,J ,K ) , 3=JD 1 ,J J D 2)  P5200312
WRIT! (6,6L4)X1 ,(VC (I,J ,K),J=JJD2P1 ,3D2) 55200313

614 FORMAT( 1H ,iX ,28Z= ,F8.5 ,2X ,1P9E13.6) 5E20031l4
65 CONTINUE 55200315

357 ITYPEX=O 5E200316
66 K K+1 55200317

ITYPEI=ITYPEX+1 55200318
IF (K.LE.KT) GO TO 38 55200319
ITYPEX=ITYPE SF200320
IF(IPRT(6).EQ.O)GO TO 365 RE200321
W R I T E ( 6 , 3-20) R E 2 0 0 3 2 2

320 FO RNAT(1H 0 ,28HNORNALIZED TEMPERATURE RISES) 55200323
DO 70 K=2 ,KT RE200324
I F ( K . E Q . K M ) G O  TO 67 RE200325

S IF (ITYPEX.LI.ITYPE .AND .K.LT.KT) GO TO 70 
- 

55200326
€7 11=1 . 55200327

-
S W RITE (6,321)XT(K) ,K,X1 55200328

321 FORMAT (1HO ,5X ,SHTIME= ,E11 .4,3X ,2HK= ,13,3X ,6HPOWEF= ,E11.L4,5HWATTS ) 55200329
W R I T E  (6 , 63) (R (J) ,J=JD1 ,J02)  F f2 0 0330

- - 

I JCNT JD2—JD1 +1 RE20033~
I F ( J C N T . G T . 9 ) G O  TO 380 R E 2 0 0 3 3 2

5
- GO TO 381 RE200333

380 JJCNT=JCNT— 9 R5200334
J J D 2 = J D 2 _ J J CN T  S f 2 0 0 3 3 5
JJD2P1=JJD2 +1 55200336

381 DO 69 I=Itrl ,1D2 RE200337
DO 68 J=JD1 ,JD2 5E200338

68 V(I ,J)=VC(I ,J ,K)/FOW EE200339
X1 Z(I)—Z (IPE)+DZ/2 . SE200340

S IF (JCNT.GT.9)GO TO 382 55200341

* 
WRIT? (6,614)11 , (V (1,3) ,J=JD1 ,JD2) 55200342

94 
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GO TO 69 Ff200343
382 WRITE (6,64 ) X 1 ,(V (I,J), J=JD1 ,JJD2) 552003444

WR ITE (6 ,64)11 , (V(I,J) ,J=JJD2PI ,JD2) 55200345
69 CONTINUE SF200346

ITYPEX=O 55200347
70 ITYPEX=ITYPEX +1 55200348

330 F O P M A T ( 1H O , 6 1H D I M E N S I O N  OF A R R A Y S  A S S O C I A T E D  W I T H  A R G U M E N T  L~~J IS R E 2 C 0 3 4 9
1700 SMALL) 55200350

365 C O N T I N U E  5520035 1
READ(5 ,4)(DAMAGE (L2 ,~~) , DAMA GE(L2 ,2 ) , L 2 l ,2) FF200352
WRITE (6,7 3 ) W A V E L ,DAMAGE( 1 ,1), DA MAGE( 1 ,2) , DAMAG E (2,1), RE200353
1DAMA GE (2,2) 5E200354

73 FORMAT(1HO ,51,11HWAVELEN GTH= ,F7.1 ,2HN N ,3X ,7HDAMA GE= ,419.0) 5E200355
C *** CALCULATE 1,3 :NDICES AT WHICH DAMAGE CALCULATIONS APE TO BE MA DE 5E200356

JM=0 . . 55200357
DO 74 J 1 ,N FF200358
IF (R (J) .LT .RMAX + .000001)JM J +1 55200359

74 CONTINUE 5E200360
x1=0 . SF200361

S DO 75 I=IPA ,M FF200362

• IF (VC(I ,1 ,KM ).GT.X1)IMAX=I 55200363
IF (VC(I ,1 ,KM).GT.X1)X1=VC(I ,1 ,KM) 5 E20036 4

5 75 CONTINUE 5E200365
L=0 51200366
GO TO (366,367,368),NAXP FT 51200367

366 LIMAX 1=2*LIMAX 51200368
LIMAX2=0 SF200369

S GO TO 369 55200370
367 LIMAX1 LIMAX FF200371

L I M A X 2 L I M A X  55200372
- 

- 
GO 70 369 5520-0373

368 LIMAX 1=0 FF200374
— S LIMAX2=2*LIMAX SF200375

369 IDI INAX—LIMAX 1 51200376
1D2=IMAX+L IMAI2 55200377
IF(1D2.GT.28)ID2 28 SF200378
DO 76 I=ID1 ,ID2 55200379
DO 76 3=1 ,JM FF2 00380
L=L +1 55200381
ID (L)  =1 8E200382

76 JD (L) 3 FE 2 0 0 3 6 3
LIJ (1D2—ID1+1)*JM 55200384
DO 505 LL15 1,10 55200385

505 S A V F G V (LL 15) O . 55200386
I F ( L P X . E Q . 0 ) G O  TO 125 RE2 O0 3 8~
IF (LIJ .GT . 2 7 ) W R I T E ( 6 ,330) FF200388

-
- 4 IF(LI3.GT.27)GO TO 300 RE200389

IF (IP8T(8) .EQ.0)GO TO 370 SF200390
- S C *** TEMPERATURE AND DAMAGE EVALUATIONS FOE MULTIPLE PULSES 55200391

C RE200392
C *** EVALUATE TEMPERATURE RISES WITHOUT GRANULES 51200393

DO 77 L 1 ,LIJ 5E200394
1 1D (L) PE200395
3=30 (L) RE2003g6
VE (L, 1 ,1)=0. FE200397

P ~ DO 17 K=2 ,KT P5200398
VE (L,K ,1)=VC(I,3,K) RE2 00 399

L~.
~

I 
?
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77 CO N T I N UE RE2 004 0 0
160=(XC-1.)/DTX 5E2001401
X61=ALOG (XC) RE200iIO2

370 L13=0 R!200403
371 L13 L13+1 RE20040($ *

X3=DPULSE+ (NPULSE (L13)—1)/REPET (L13) RE200’405
W RIT E (6,78)NPUN (L13) ,X3 ,XDP ULS,NPULSE(L13),RE PET (L 13) 5E200406

78 F O R M A T ( 1 HO ,5X ,5HNR UN ,13,21,13HTRAIN LENG’1H ,E10.3,3HSEC ,2X ,12 HPUL RE 2 00 4O7
1SE WIDTU= ,E1O.3 ,3H SEC/1H ,5X ,17HNUMBER OF PULSES= ,15,3X ,16HREPETITRE200*08
210N RATE= ,E1O.3 ,1O HP ULS E S/SEC) RE2 00 409
IF(IFIL.EQ.0)GO TO 80 RE2001410
WRITE (6,79)PIM ,LE SION RE2 00411

79 FOPMAT (1H ,5X ,12HBEAM RADIUS=,E1O .3 ,2H CM,5X ,1411L!SION RADIUS= ,E1O.BE2001412
13 ,2HCM ) RE200L413
GO TO 82 RE 2 0O~ 14

80 WRITE (6,81) PIN ,LE SION RF2 00 415
61 FORMAT (1 H ,5X ,13HIMAGE PADIUS= ,E1O .3,2H CN ,5X ,14HLES IO N R A D I U S ,E1ORE200Z$16

1.3,211CM) RE20014l7
82 IF(IPBT(8).EQ.O)G0 TO 108 RE200418

1C 1./REPET (L13) RE200a19
NPL=NPLJLSE (L13) RE200’420
KX=NP+3 BE200I$21
IN=1 RE20OL~22

83 IF (NPL/IN.LT.20)G0 TO 84 R!200423
IN=IN+2 RE20042L4
GO TO 83 RE2001425

84 X1=NPL RE2001426
INX= .5+X1/IN RE2001427
L1=ALOG(DPULSE) /.69315+29. fi!200428
IF (L1.LT.1)L1=1 RE200I$29
INXX=FTIME (L1)*INX 5E200’430

c ~ ** STORE TIME I N T E R V A L S  A N D LOGS OF INTERVALS FO R D A M A G E  CALCULA T I ON SRE2 004 3 1
ZT(1) PTIME/2. RE200432
ZTT(1) ALOG (IN*PTIME) RE200433
DO 85 L3=2 ,NF Re200a34
ZTT (L3)=ALOG (IN*PTIME) R!2001e35

85 ZT (L3) ZT (L3—1)+PTIME R5200a36
L1 NP+1 EE2001437
X3 (TC—DPULSE)/(KX—NP) RE20O~ 38
ZT (L1)=DPULSE +13/2. R!200439
ZTT(L1) ALOG (IN*X3) RE200I$40
L1 L1 +1 RE2OO~e’&1
DO 86 L3 L1,KX RE20O~~ 2
ZTT (L3) ALOG (IN*13) RE 2OO *~ 3

86 Z T ( L 3 ) = Z T ( L 3 — 1) + X 3  RE20014 1$4
C *** CALCULATE T E M P E R A T U R E  RISES ASSOCIATED WITH L3—T R TI ME INTE RV AL RE2 0044 5
~ *** FOLLOWING (L 6— . 5) *IN — .5 PULSE RE2OO ~ 46

DO 95 L 1 ,LIJ RE2004U*7
DO 95 L 3 1 ,KX RE2004 ’$ 8
X 1 0. RE2OO U ~~9
L1 1+IN/2 RZ 2OO ~ 5O
L 7 1  RE2 00451

e7 13= (L7—1)*Tc+zT (L3) RE200452
K ALOG(X3*X60+1.)/X61+1. pE2001453
x 5 = V E ( L , K , 1 ) + ( X 3 — X T ( K ) ) * ( V E ( L ,Pc+ l , 1 ) — V E ( L ,K , 1) ) / ( I T ( K . 1 ) — X T ( K ) ) RE2 00454

F~. * * X 1 = X 1 + X 5  P !200455
~~~~~~~~~~ . J O O 1 *X 1 ) G C  ~~ ~9 F2 00 u 56
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L7=L7.1 RE200457
IF (L7.LE.L1)GO TO 87 RF200l458

88 VZ (L,1,L3,1)=X1 SF200459
DO 93 L6=2,INIX R E2 00 460
IF (15.LT. .0001*I1)GO TO 93 SF200461
I1 VZ (L,L6—1 ,L3,1) SF200 462
L2 L1+1 FF200463
L1 LI +IN SF200464
L7 L2 552001465

90 13= (L7—1)*Tc+ZT(L3) 55200466
K ALOG (13*X60+1.)/161+1. 552001467
15=VE(L ,K,1)+(13—IT(Iq)*(VE(L,!c+1,1)—V !(L,K,1))/(IT(Ic+1)—XT (K)) 55200468
11=11+15 55200469
IF (15.LT..0 001*X1)GO TO 93 FF200470
L7 L7+1 55200471
IF(L7.LE.L1)GO TO 90 5E200472

93 VZ (L,L6,L3,1)=X1 55200473
L1 INX +1 FE200474
DC 94 L6=L1 ,I N X X  55200475
L8 L6—INI 55200476

94 VZ(L,L6,L3,1)=VZ (L,L6,L3,1)—VZ (L,L8 ,L3 ,1) SF200 477
95 CONTINUE 55200478

C *** DAMAGE CALCULATIONS 552001479
WRITE (6,375) a520048 C

375 F OPM AT ( 1HO ,31HP RE DI CTED THRE SHOLD LA SER POWER)  5E200 481
DO 104 L=1 ,LIJ 55200482
I ID(L) SF2001483
J=JD (L) 55200484

* I F ( V Z (L ,INX ,NP ,1).LT..O01)QD(I,J) 1.E+20 55200485
IF ( V Z ( L ,I N X ,NP , i ) . L T . . 00 1)G O TO 1O’4 55200486
L9= 1O. *( . 4 + EIP (— .0 0 1 14 *D P U L SE ) ) / V Z ( L ,I N X ,NP , 1) 552004 87
CQ L9+1. 55200488
I1O=70.*(.L4+EXP (_ .00144*DPULSE))/VZ(L ,I N X ,N P ,1) 55200489
IF (L9.EQ.O)CQ X1O R52001490
LLT~ 0 552001491
LGT O  5E200 492

99 DAMC=0. 55200493
L 6 1  PE2001494

100 DO 101 L 3 1 ,KX BE2 00 495
13=0. FF200496
x50=VZ (L,L6 ,L3 ,1)*CQ+273.+T0 RE200497
IF(150.LT.317.)GO TO 101 5E200498
X1 ZTT (L~ )+DAMAGE (1 ,1)—DAMAGE (1 ,2)/X50 RE200L499
IF(150.GT.323.)X1=ZTT (L3)+DAMAGE (2,1)—DAMAGE(2 ,2) fX5O FF200500
IF(X 1.GT.O.)X3 1 .O1 FF200501
IF (X1.GT.C.)GO TO 101 55200502
X3=EIP (X1) 55200503

101 DAMC DAMC+X3 SF200504
IP(DAMC.GT.1.)GO TO 102 PE200505

* 
C *** IN CR E A SE T I M E  INDI CES A N D  CONTINUE 5E200506

L6 L6+1 55200507
IF(L6.LE.INXX)GO TO 100 85200508

C *** ADJU ST LA SER POWER TO YIELD THRESHOLD DAMA GE AT GIVEN POINT RE2 0 0509
IF(LGT.EQ.1)CQ=1.02*CQ RE200E1O
IF (LGT.EQ.1)GO TO 103 RE200511
LLT=1 55200512
CQ 1.04*CQ SF200513

97

~~

• -



GO TO 99 SF2005114
102 IF(LLT .EQ .1)CQ .98*CQ 85200515

IF (LLT.EQ.1)GO TO 103 55200516
LGT= 1 SF200517
CQ=.96*CQ RE200518
GO TO 99 55200519

103 QD(I,J) CQ*P0I RE200520
1C 4 CONTINUE 55200521

W R I T E (6,63) (Ft (J),J=1 ,JM ) 5E200522
• DO 97 I=ID1 ,1D2 85200523

DO 97 J 1 ,JM 55200524
97 X QD ( I ,J)=QD(I,J)*IXQ 55200525

DO 106 I=ID1 ,1D2 55200526
I1=Z (I)—Z(IPE) +DZ/2. 55200527
IF(JM.GT.9)GO TO 385 SF200528
WR ITE (6,105)X1 , ( X QD ( I ,J),J 1 ,JN) 55200529
GO TO 106 55200530

385 WR I T F (6,10 5 ) X 1 ,(XQD(I,J),J=1 ,9) 55200531
W SITE (6,105)X1 ,(XQD(I ,J),J 10,JM) 55200532

105 FOF M A T ( 1H ,2X ,2HZ=,F7.5,1I,3HQD ,1P9E13.6) RE200533
1 06 CONTINUE 552005314
108 IF(KTYPE.EQ.0)GO ¶0 174 SF200535

~ **~~ CAL CU LATE AND STORE (M ULTIPL E PULSE EX PO SUFE) T E M P E R A T U R E S  FOR 55200536
~ *~~ * PL OTTIN G PR OFILE S FF200537

TC 1  ./REPET (L13) 55200538
N P L N PUL SI (L 13) RE2 00539

* W R I T E (6,139) 552005140
DO 123 L15 1 ,KTYPE FF2005 41
IF (TIMEX (L15).GT.XT(KT) )GO TO 123 P5200542
RGV=0. RE2005 4~
L2=TIMEX (L15)/TC FF2005144
D’I ME=TIMEX (L15) —L2*TC 55200545
L2 L2 +1 55200546
DO 116 1=111 ,112 55200547
DO 116 .J=JJ I,JJ 2 SF200548
11=0. 55200549
DO 113 L6=1 ,L2 RE20 0 550
K ALOG((DTIME+(L6—1 )*TC)*160+1.)/161+1. 55200551
12= (DTIME+ (L6—1)*TC—IT (K))/(XT(K+1)—XT(I()) 55200552

113 X1 11+VC(I ,J,K)+X2* (VC(I ,J,K+1)—VC(I,J,K ) )  55200553
V ( I ,J) X1 55200554
L3=L2—NPL FF200555
IF (L3.LE .0)G0 TO 115 FF200556
11=0 . 85200557
DO 11 14 L 6 1 ,L3 P5200558
K ALOG ((DTIME+ (L6—1)*TC)*160+1.)/X61+1. RE200559
12= (DTI M E + ( L 6 — 1 ) * T C — X T ( K ) ) / ( X T ( K +  1 )—I T  (K) ) 55200560

• 1114 X 1= X 1+ V C ( I ,J ,K ) + X2 * ( V C ( I ,J ,K+ 1 ) — V C ( I ,J ,K ) )  5520056 1
V ( I , J ) = V ( I ,J ) — X 1  RE2 00562

115 IF(V(I,J).GT.F.GV)RGV=V(I,J) pE2C0563
• 1 16 CONTINUE 55200564

S A V R G V ( L 1 5 ) RGV 55200565
IF(KTYPEO.EQ.1)GO TO 121 5E200566
W R I T E  (7,117)NRUN (L13) ,NPULSE (L13) ,REPET (L13) 55200567

p 117 F O PM AT (2 17,E10.4) 55200568
L WPI~ E (7,11 8) XDPULS,W A V E L ,RIM 55200569

i1~ FOs~~ :c 7:l .a) SF20 05 70

op

I
~

1. 
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WRITE (7 ,119)111 ,I12,113,JJ1 ,JJ2 FF20057 1
119 FORM AT (517) FF200572

WEI TE (7 ,1 19 ) N 3,M 3 FF200573
WRITE (7 ,120) (R (J) ,J 1 ,N3) 5E20057 4

120 FORMAT (10F 8.4) P5200575
• W RITE (7,120) (Z(I),I=1 ,M3 ) 55200576

W SI TE (7 ,118)TI MFI (L 15)  55200577
121 WRI TE (6,141) T I M E X (L 15) 55200578

W F I I E ( 6 ,63) (5(J) ,J JJ1 ,JJ2) FE20057 9
JCNT=JJ2-JJ1+1 FF200580
IF(JCNT.GT.9)GO TO 390 SF200581
GO TO 391 SF2005 82

390 JJCNT JCNT—9 55200583
JJJ2=JJ2—JJCNT * SF2005 84
JJJ2P1=JJJ2+1 55200585

391 DO 122 1=111,112 5E200586
* X1 Z(I)-Z(IPE)+DZ/2. RE200587

IF (JCNT.GT.9)GO TO 392 FF200588
WRI TE (6 ,614)X1 ,(V (1,J),J=JJ1 ,JJ2) FE2 00589

• GO TO 393 SF200590
392 W FI TE (6 , 6 4 ) X 1 , ( V ( I ,J ) , J=JJ 1,JJJ2) 55200591

• WRITE (6,64) X l , (Y(I,J) ,J=JJJ2P1 ,JJ2) 55200592
393 IF (KTYPEO.EQ.1)GO TO 122 5E200593

WRITE (7,137) (V ( I ,J) ,J=JJ1 ,JJ2) SF200594
• 122 CONTINUE FF200595

123 CONTINUE RE200596
SGV O. 55200597

• DO 395 LL15=1 ,KTTPE SF200596
IF (SAVR GV (LL15).GT .RGV) RGV=SAV FGV (LL15) PE2OOf~99

395 CONTINUE 5E200 60C
WPITE (7 ,396) RE200601

396 FOSMAT (2211MAX FGV CARD(S) FOLLOW) 55200602
* DO 397 LL15=1 ,KTYPF SF200603
• 397 WRITE(7,137)RGV 55200604

GO TO 1714 EE200605
124 FOSMAT (lkl ,5X ,1P9E13.6) 55200606
137 FOFMAT(6513.6) 55200607
139 F O R M A T ( 1 110,35 H T E M P E R A T U R E  RISE S AT SELE CTED T I M E S) 552006 08

• 141 FOFMAT (1HO ,5X ,5HTIME= ,E11.14) 55200609
145 IF (L13.EQ.NTEST) GO TO 300 FF200610• I GO TO 371 SF200611

• I C *** DAMAGE CALCULATIONS FOR SINGLE PULSE 55200612
* C FF200613

125 W P I T E ( 6,126)NBUN (1),XDPULS,NPULSE(1) RE200614
126 F O R N A T ( 1 HO,5X ,5HNRUN= ,I3,2X ,12H PUL SE WID TH ,510.3,2X ,1 7HN UMB EB OF 5E200 615

1PULSFS ,15) 5E200616
IF(IFIL.EQ~ 0)GO TO 127 SF200617
NRIT E (6,79)RIM ,LESION R!200618
GO TO 128 55200619

127 WPI T E (6,81)RIM ,LE SION P5200 620
128 IF(IPBT (8).EQ.0)GO TO 150 FE200621

W R I T E (6 , 375) RE200622
IQ O. 55200623
DO 138 I I D 1 ,1D2 FF200 624
DO 138 J=1 ,JM 55200 625
IF (VC (I ,J,KN).LT..001)QD(I,J)=1.O!+20 SF200626
IF ( V C (I ,J ,K N ) . L T . . 0 0 1) G 0  TO 138 FE200627

- ~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~ ~ - _••~~~~2~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ ~~~~~~~~~ ~
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L9=1O.*(.4+FXP(— .0011$*&POL SE))/YC (I,J,KM) FF20062 8
CQ=L9+l. P5200629
X1O=70.*(.1J+EXP(— .OO114*DPULS!))/VC(I,J,Kt!) 55200630
IF(L9.EQ.0)CQ X1O 55200631
LLT O 552006 32
LGT O 55200633

131 DAMC O. FF200634
K 2  55200635

132 113 AL0G (IT (K) XT (K 1)) 55200636 *

VPX= (VC(I,J,K) +VC (I ,J,K— l))/2. P5200637
13=0. FF200638
zso=v px*cQ+273.+Tc 5E2C0639
IF(150.LT.317.)GO TO 134 55200640
11=11 3+DAMAGE (1,1) — DAMA GE (1 ,2)/X50 55200641
IP(X50.GT.323.)X1= 113+DAMAGE (2,1)—DANA GE(2,2) /X50 5E200642
IF (Xl.GT.0.)X 3=1.O1 55200643
IP(X1.GT.0.)G0 TO 134 RE2006414
X3=EXP (X1) RE200645

• 1314 DM!C=DAMC+13 P5200646
Ii (DAMC.GE.1.)G0 TO 135 55200647
K K +1 R520061$8

-• IP(K.LT.KT)G0 TO 132 55200649
~ ~~** ADJUST LASE R PO W EB TO YIELD THRESH OLD DAMAGE AT GIVEN POINT RE200 650

IF (LGT.EQ. 1)CQ 1 .02*CQ 55200651
IP (LGT.EQ.l)G0 TO 136 FE200652
LLT=l 5E200653
CQ 1.OI$*CQ 55200654
GO TO 131 55200655

135 IF(LLT.EQ,1)CQ= .98*CQ 55200656
I F ( L L T . E Q . 1 ) G O  TO 136 RE20 0657

• LGT 1 SF20065 8
CQ .96*CQ 55200659
GO TO 131 5E200660

136 QD(I,J)=CQ*POI P5200661
138 CONTINUE * 55200662

WRI TE (6 ,63) (B (3) ,J= 1 ,JM) 8E200663
DO 140 1 1D1 ,1D2 55200664
DO 1140 3=1 ,311 55200665

1L 4 O X Q D ( I ,J) Q D ( I ,J ) *X X Q  RE2 00666
r DO 1143 1 1D 1 ,1D2 pE200667

• I X1=Z(I)— 7.(IPE)+DZ/2. RE200668
IF ( J M . G T . 9 ) G C  TO 142 P5200669
W R I T E ( 6 , 105)X 1 , (IQD(I ,J ) , 3 1 ,JMJ 5E200670
GO TO 143 5E200671

142 W R I T E (6 ,105)X1 ,(XQD(I,J),J=1 ,9) FF200672
• W R i r E ( 6 ,10 5)X1 , (X QD (I ,J ) , J= 10 ,JM ) pE200 673

143 CONTINUE 5E200674
150 IF (KTYPE .EQ.0)GO TO 174 ?E200675

C **~ C A L C U L A T E  A N D  STOFE (SINGLE PULSE EXPOSURE)  TE M PERATU R E S FOR E~ 200676
* C *** PLOTTING PROFILES 55200677

• WRITE (6,139) R~ 2OO6 78
DO 170 L15 1,KTIPE 55200679

* PGV=O. RE200660
DTINE=TIMEX (L15) pE200681
K A L O G ( D T I M E * ( X C . 1 . ) / D T X + 1 .) /ALOG ( X C ) + l .  55200682
1P (K+1.GT.KT) G0 TO 170 55200683
X 1= (DTI~~:—X (K))/(XT (K+1)—XT (K)) R!20068L1

• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ ~~~~~~~~~~ 
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DO 166 1*111,112 FF200 685
DO 166 3*331,332 FE200686
V ( I ,3)=VC (I,3,K)+I1*(VC(I,J,K+1)—VC (I,J,K ) )  P5200687
I F ( V (I ,J) .GT.BGV) FGY V(I,J) FF2006 88

166 CONTINUE 55200689
* S A V R G V ( L 15 ) =RGV FE2 00690

IF(KTYPEO.EQ.1)GO TO 167 55200691
W R I T E ( 7 ,117)NRUN (l),NPULSE(1),PEP E T (1 )  55200692
WRITE (7,118) XDP ULS,W A V E L ,RIM 55200693
W F I T E  (7,119) II 1 ,1I2,113,JJ1 ,J32 55200694
WB I TE (7,119)N3,M3 55200695
W F I T E ( 7 ,120) (R (J),3=1 ,N3) BE20 0 6 96
W P I T E ( 7 ,120) (Z(I),I=1 ,M3) SF200697

• WRITE(7,118)TIMEX(L15) 55200698
167 WSITE (6,1 4 1) T IM E X (L 15 )  55200 699

• WRITE(6,63) (R(J) ,J JJ1 ,332) 55200700
• JCNT=3J2— JJ1 +1 RE2007 01

IF(JCNT.GT.9)GO TO 400 FF200702
• 

• GO TO 401 FE20070 3
400 JJCNT=JCNT-9 55200704

JJJ2=JJ2-JJCNT RE200705
• JJJ2P 1 JJ J2+1 5E20 0706

401 DO 168 1=111,112 SF200707
X1 Z(I)-Z (IPE) +DZ/2. SF200708
IF(JCNT.GT.9)GO TO £402 55200709

• WR ITE (6,64)X1 ,(V (I,J),J=33l ,3J2) 552007 10
GO TO 403 55200711

402 WSI TE (6,64)X1 ,(V (I,J),3 331,J332) SF2007 12
W R I T E (6,64)X1 ,(V(I,3),J=JJJ2P1 ,J32) FE200713

1403 IF (KTYPEO.EQ.1)GO TO 168 55200714
• WRITE (7,137) (V (I ,J) ,3=JJ1 ,JJ2) SF200715

168 CON T I N U E  SF2 00716
170 CONTINUE 55200717

RGV O. 55200718
DO 405 LLI 5=1 ,KTY P E FF200719
IF ( SAVRGV (LL 15) . GT .R GY) RG V =SAVRGV (LL15) 55200720

• 405 CONTINUE 55200721
WRITE (7 ,396) FF200722
DO 406 LL15 1,KTYPE 5520072 3

* 1406 WR TE (7,137)R GV P520072 4
C *** INTERP OLATE AXIAL EXTENT OF DAMA GE 55200725

174 15=0 FF200726
16*0 55200727
IF(ID1.EQ.1D2)GO TO 182 55200728
DO 175 I=ID 1 ,1D2 SF200729
L1=ID1+1D2—I P5200730
IF (QD (L1 ,1).GT.POX)15 L1 FF200731
IF ( QD (L 1 ,1).LT.POX)16 L1 FF200732

• IF(QD (I,1).GT.POX)17 1 SF200733
IF(QD(I,1).LT.PO1)18=I 55200734

* 175 CONTIN UE 55200735
• IF(IPRT(9).EQ.0)GO TO 182 RE200736

W R I T E ( 6,350) FF200737
• 350 FORMAT (1H0 ,22H AXIA L EXTENT OF D A M A GE) 55200738

IF(15.EQ.O) WRITE (6,176) SF2 00739
• 176 PORMAT (1H0,5X ,45HDEP TIiS OF DAMA GE BEY OND BOTH SPECIFIED DEPTH S) 85200740

IF(15.EQ.0)GO TO 182 552007141

— 
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IF(16.EQ.0)GO TO 190 FF200742
IF (I5.GE .16)G0 TO 178 55200743
12=ALOG(QD(16,1)/QD (15,1))/(Z(16) Z(15)) 55200744
I1=QD (I5 , 1) 55200745
X3=ALOG(POI/X1)/X2+Z(15)—Z(IPE)+DZ/2. 55200746
WFITF (6 ,177) 13 • 552007147

1 77 F OFMAT (1H O ,51,24H M I N I M UM DEPTH OF D AM AG E*,E1O.3,2HCN) 55200748
178 IF(I8.GE.17)GO TO 182 • 55200749

• X2=ALOG(QD (18,l)/QD(17,l))/(Z(18)—Z (17)) 55200750
X1 QD (17,1) 5520075 1
X 3 = A L O G ( P O X / X 1 ) / 12 + Z ( 1 7 ) — Z ( I P E ) +DZ/2.  SF200752

180 W F I T E ( 6 ,181) 13 55200753
181 F O R M A T ( 1H O ,51,24HMA IIMUM DEPTH OF DAMAG E ,E10.3,2H CM) 55200754

C *** INTERPOLATE RADIAL EXTENT OF IRREVERSIBLE DAMAGE AT SPECIFIED SF200755
C *** DEPTHS 5E200756

182 IF (IPRT(10).!Q.0)GO TO 192 55200757
W R I T P ( 6 ,360) 55200758

360 FOR MAT (1H O ,23H B A D I A L  EXTENT OF DAMAGE)  5520075 9
DC 189 I=IDI ,1D2 55200760
J1=0 SF200761
X3=Z(I)—Z (IPE)+DZ/2 . 55200762
DO 183 3=1,311 55200763
IF(POX.GT.QD(I,J))J1=3 P5200764

183 CONTIN UE 55200765
- • 120=0. 55200766

IF(J1.EQ .0)GO TO 187 55200767
IF (J1.EQ.JM)WRIT!(6,185) X3 ,P(JN) P5200768

185 FOBMAT (1fl0,5X,2HZ= ,E9.3,2HCM ,5X,36HRADIAL EXTENT OF DAMAGE GREATERRE200769
4 T H A N ,E 10.3 ,2 H C M ) 55200770
IF(Jl.EQ.JM)GO TO 189 SF200771
12 1LOG(QD (I,J1+ 1)/QD(I,J1))/(R (J1+1)—R (J1)) 55200772
X t QD (I ,J1) FF2 00773
X20=ALOG (POX/X1)/X2+B (J1) 55200774

187 WRITE (6,188)13,X2 0 55200775
4 188 PORMAT( 1HO ,51,2HZ=,E9.3,2HCM ,5X ,37HFADIAL EXTENT OF I R R E V E R S I B L E  DPZ200776

1AMA GE= ,E10.3,25C11) 55200777
189 CONTINUE 5E200778

IP(LPX.F Q.O)G0 TO 300 SF200779
GO TO 1145 55200780

190 WRIT E (6 , 19l) 55200781
191 FORMAT (1HO .5X,31 11N0 DAMAGE——— LASER POWER TOO LOW) 55200782
192 IF (LPI.EQ.0)GO TO 300 55200783

GO TO 1145 BE20078 l~) 200 STOP 552007e5
END 55200786
SUEROUTINE GRID FF200787

I C •** GRiD COMPUTES THE COEFFICIENTS IN PARTIAL DIFFERENTIAL EQUATIONS AF5200788
C *** RADIAL AND AXIAL COORDINATES, S AND Z, AND ASSIGNS CONDUCTIVITY A5RE200789
c *** VOLUMETRIC SPECIFIC HEAT TO GRID FF200790
C *t *  CALCULATE B (CM** 2) AND 5 (CM) 55200791

COMM ON A ( 2 9 ,3),AAV ,ACH ,APE ,ASC ,ATS ,AVL ,B(14 ,3),BB,BV(1 4 ,3), 55200792
• 1CONX (6),COW(29),CUT,DFLOW (6),DPUL SE ,DR ,DT,DTI,DZ,FL,NR(14), FF20079 3

L 2IAB (29,14),IBLOOD(1O),IPIL.IGI,IhT,IPA ,IPC ,IPE,IPROF,IPS,IPT, P5200794
3IPV ,IV(29),JYL,LIM,LPA ,LPC,LPE,LPS ,LPV ,LPX ,K,KM,KT,N.M1 ,112, 552007 95
4113,N , N1 ,N3 ,Nl$ .N VL ,POX ,P5 (14) ,PTIM! ,QP ,R ( 1 14 ) ,RCO ,PI11,RN ,RPE ,RRT , 5E200796
5PVL, PSC, S ( 2 9,14) ,SHB ,TAV ,TCH ,TOM ,TPE ,TVL ,TSC ,TTS ,V ( 2 9 ,14) 55200797
6,vc (29,14,120),vSH(29),vsHx (6),wavEL,Xc,xsLow ,x cv:’6),x?LOwo (6),PE2007°°
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I
7XT (120),Z(29),ZD (8),ZM,FLOWI(14),FLOWX(14),PUPIL,SIGMA , 5E200799
8IPRT (1O),AP E1 ,APE2,RINT,ZO,FLO,CABER ,CABER2,PP,PC,NB,NC,FC 55200800

P DIMENSION IX(7),LI(7) 55200801
C *** CALCULATE B (CM **— 2) AND 5 (CM ) SF200802

WRITE (6 , 170) FF200803
170 FORMAT (151) FF200804

R(1) 0. 55200805
CK N—N1 FF200806
CP RVL/DR—N1+1. 5E200807
11=2 . SF200808

180 R2=FXP (AL OG (2.*(CP*(X1— l.)+1.)/(X1+1.))/(CK—l.)) 55200809
IF(R2/I1.GT..99999.AND.52/X1.LT.1.00001)GO TO 181 55200810
11=52 FF200811
GO TO 180 55200812

• 181 IF (IPRT(1).EQ.O) G0 TO 220 55200813
WRITE (6 ,182) 552008 14

182 F ORM A T(1MO ,16E fGRID INFORMATIO N ) RE2008 15
• WRI TE (6,1814)52 55200816

V 
184 PO EM AT( 1HO ,51,3552 ,F8.4) SF2008 17
220 RN=DP*(N1—1. +(R2** (CX+1.)—1 .)/(R2—1.)) R5200818

C *** CALCULATE RADIAL SPACE STEPS 5(3) 55200819
DO 185 J=2,N4 5E200 820

185 B(J) DR* (3—1) RE200821
X1=82*DR 55200822
DO 186 J N II,N 35200823

5E2 00824
• 186 11=52*11 55200825

C *** CALCULATE COEFFICIENTS B OF FINITE DIFFE RENCE EQNS. R5200826
I1=2./(DR*DR) 55200827
DO 187 J=2,N1 FF200828
B(J,.1)=.25* (2*J-3)*I1/(J—l) 55200829
B(J ,2) X1 55200830

187 B( J ,3) X1—B (3,1) P5200831
12=DR RE200832
11 B2*DR 55200833
DO 188 J=N 4,N 55200834
B(J ,2) 2./(X1*12) 55200835
B (J ,1)=(2./12—1./R (J))/(Xl+X2) 55200836
B(J,3)ZB (J,2)—B (J,1) RE200837
12=52*12 55200838

188 11=32*11 P5200839
B( 1,1) O. 55200840

* B(1 ,2) 2./(DR*DR) 55200841
B( 1,3) *B( 1,2) 352008*2
DO 189 J=1 ,N 55200 843
IF(R (J).LT.RVL)JVL J 552008144

189 CONTINUE 55200845
C *** CALCULATE AXIAL SPACE STEPS Z(I )  SF200886

CK M2—N1 +1 352008147
11=2. SF2008148

190 CP=2.*TAV /DZ+1.- (X1.* (CK—l.)-1.)/(I1—1.) SF200849
PixEl? (ALOG (CP*11-CP+ 1.)/CK) 55200850

- - :•1 IF (R1/Z1 .GT..99999.AND .R1/I1.LT.1.00001)GO TO 192 95200851
• 11=51 55200852

GO TO 190 95200853
192 ZM= ( (R 1* *CK — 1.) / ( S 1 — 1 .) + M 1— 1 . ) *D Z  RE200854

I F ( I PR T ( 1 ) . E Q .0 ) GO TO 230 55200855

‘

5

- 
103

V 
~~~- ~~~~_ 

- - — — * — - —•
- *  - - -- - V -- -- --~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

. V 
-



V V ~~ 5 V * ~~~~~ —~~~ - *~~V~~~~ V~* * V ~. — “

W R I T E ( 6 .194 )P 1 ,ZM 95200856
194$ F OFM AT (10 ,5I ,30R 1x ,?8.4 ,21, 38Z11x,F8. I4) 55200857
230 X 1=DZ 55200858

12=11 55200859
DO 195 1=2,112 55200860
Z (M 2+ I )  Z 11+ 12 55200361
Z (112+2—I) =511—22 RE2OO~ 62
I F ( I . G T . M 1 )  X1nR1*X1 55200863

195 12=12+11 R5200864
* Z(1) 0. RE200865

S (112+1) Z11 P5200866
Z(!+1) 2.*ZM 55200867
X1=Z (IPE)—DZ/2.-ZD(2) RE200868
DO 196 1=1 ,113 55200869

196 Z(I) Z(I)—11 P5200870
L3=IPA 55200871
DO 200 L= 1 ,7 52200872
L1=O 5E200873
DO 197 I=IPA ,113 55200874
15(5 (I) .LT.ZD (L+1))L3 1 R5200875

- V IF(Z (I).LT.ZD (L).OR.Z(I).GE.ZD (L+1))GO TO 197 RE200876
L 2 1  SF200877
L1=L1 +1 55200878

197 CONTINUE 55200879
IF (L1.EQ.O)II(L)?L3 FF200880
IF (L1.E Q.O)LX(L) L3 55200881
IF (L1 .GT.O)IX(L) L2+1—L1 5E200882
IF (L1.GT.O)LI (L) L2 55200883

200 CONTINUE 552008814
IPV=II( 1$) 55200885
IPC=II(5) 55200886
1PS 11(6) 55200887
IPT=IX (7) R5200888
LPA LI ( 1)  ~E2O0889
LPE LX (3) SF200890
LPV LI (4) 5520089 1

V LPC LX (5) 95200892
LPSZLI (6) 5 55200893
LPT=113 SE200894

C *** SET CONDUCTIVITY CON AID HEAT CAPACITY VSH FOR VARIOUS EYE MEDIA 55200895
• DO 203 I—1 ,LPA 55200896

• CON (I) COIX( 1)  95200897
203 VSH (I)=VSHI(1) 55200898

DO 204 IZIPE,LPE 5E200899
CON (I) ZCONI (2) 95200900

201$ V Sa( I ) Y SMI (2 )  92200901
DO 205 I IPV ,LPV R5200902

‘ 1 CON (I) *CONI (3) 55200903
; 205 VSH(I) YSHI(3) 55200904

DO 206 IBIPC ,LPC 55200905
COI (I) CONI (14) 95200906

• 206 VSP (I) VSBZ (4) 95200907
DO 207 I—I PS ,LPS 55200908
CON (I ) C011 (5) 91200909

207 VSH(I) VSRI (5) 95200910
00 208 I—IPT ,!3 5520091 1
CON ( I ) *C ON I ( 6 )  55200912

~ :~
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208 VSH (I ) =V S HX ( 6)  952009 13
C *** CALCULATE COEFFICIENTS A OF FINITE DIFFERENCE EQNS. 55200914

DO 210 1 1P1,M 52200915
• X 1 Z  (1+1) -1(1—i) 92200916

X2= ( C O N ( I — 1 ) — C O N (I+1)) /(X1 *I1)  95200917
13=2. *CON (I)/I 1 952009 18
A( 1, 1) = 12 +X 3/ ( Z ( I )— 7 . ( I — 1) )  952009 19

• IF(I.EQ,I P A ) A ( I ,1) 0. P2200920
A ( I ,3)x—X2+X3/(Z (I+1)—Z(I)) 55200921

-• 210 A ( I ,2)zA (I,1)+A (I,3) 52200922
RETURN 55200923
END 85200924
SUBROUTINE IM AGE FF200925

C *** IMAGE COMPUTES THE RETINAL IRRADIANCE PROFILE 52200926
COMM ON A (29 ,3) , IA V ,ACN,APE,ASC,ATS ,AVL ,B(14 ,3), BB,BV (114,3), 52200927

1CONX (6),CON(29),CUT ,DFLOW (6),DPULSE ,DR ,DT ,DTX ,DZ ,FL ,HR(114), RE200928
-

• 2IAB(29 ,114),~ BL0OD(10),IFIL ,IGX ,IHT ,IPA ,IPC ,IPF ,IPROF ,IPS,IPT, 55200929
3IPV ,IV (29) ,JVL ,LIM ,LPA ,LPC,LPE ,LPS,LPV ,LPX ,K,K11,KT,M ,111,112, FF200930

• 
- 4113,N,N 1,N3 ,N4 ,NVL ,POX ,PR (1L$),PTIIIE,QP,R (14),RCO ,RXM ,RN ,PPE ,RRT , 5E200931

5RVL ,RSC ,S(2 9 ,14) ,SHB ,TAV ,TCH ,TO11,TPE ,TVL ,TSC ,TTS, V ( 2 9 ,14) RE2 00932
6 ,VC (29 ,14 , 120) ,VSR (29) ,VS~iX ( 6 )  ,WA VEL ,IC ,IFLOW ,X FLOW I(6)  ,IFLO WO (6) .55200933
7XT (120),Z(29),ZD (8),ZM ,FLOWI(14),FLOWX(14),PUP IL ,SIGMA . 522009314

- • 8IPRT (10) ,APE1,APE2 ,R INT ,ZO,FLO,CABE F ,CABER2,PP ,PC,NB ,NC,FC 55200935
DIMENSION 5k (2001) ,FP (2001) .51(2001) ,PY (2001) .30 (32) ,NA (22) .91(30) 5E200936

1,RX(30),IF1 (2001) ,152 (2001) 82200937
REAL JO,NA ,N8,NC SF200 938
DO 200 J=1 ,N FF200939

200 PR (J) 0. R!20 0940
L1 500 RE2009141
LII LI RE200 942
DO 201 L 1 ,LI P5200943

201 FX (L) 0. 95200944
R E A D ( 5 ,202) PUPIL RE2 0 0945

202 FORMAT (10E8.3) RE200946
R INT PUP IL/ ( L I — i )  55200947

H IF(IPROF.EQ.1)GO TO 214 52200948
IF(IPROF.EQ.0)GO TO 219 r51200949

C ~~~~~ INTEFPOL&TE IRREGULAR LA SER PROFILE (SYMMETRIC IN F) AT INTERVALS 55200950
C *** 0? PINT START iN G AT R 0  8520095 1

F E A D ( 5 ,205)LF SF200 952
205 FO RM AT (I 7 )  55200953

• FEAD (5,206) (RI(L) ,L 1 ,LR) RE2 00 954
206 FORMAT(10E7.3) 55200955

READ (5,206) (P 2 ( L )  ,L 1 ,LR) RE200956
I1 PI ( 1)  RE2 0095 7

V DO 207 Lz1,LP 5E200958
207 PI(L) P1(L)/I1 55200959

ISxO. 8E200960
26=0. FF200961
DO 208 L=2 ,LP P2200962

-: 12 (P1 (L)—PX (L-1))/(RI (L)—FI (L—1)) 52200963
X1 PX (L—1)- 12*FX (L—1) 52200964
13 x X 1 * ( R X ( L ) t B X ( L ) — R X ( L — 1 ) * 5 X ( L — 1 ) ) / 2 . 55200965
114=12* (RI  (L) *51 ( L ) *FX  (L) — R I  ( L_ 1) *R X  (L— 1 ) *RI  (L—1) ) /3. 55200966
I?(RX(L) .GT.PUP1L)16=16+6.2832* (13+14) 5E200967

j 208 X5=15+6.2832*(13+14) 55200968
QP=POI*.23906*(1.—RCO)/15 8E200969
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X X = ( 15 — X 6 ) / X 5  52200970
I F ( R X ( L R ) . L T . P U P I L ) L I I F X ( L R ) / E I N T + 1 55200971
L2=2 RF200972
11 0. 55200973
DO 213 L=1 ,LII 82200974

210 IF (RI (L2).GT.X1)GO TO 212 55200975
L2=L2+1 RE200976
IF (L2.LE.LR)GO TO 210 SF200977
GO TO 2 13 55200 978

212 X2= (I1—RX (L2—1))/(RI(L2)—RX (L2—i)) 5E200979
P1(L) =P 1 ( L 2 — 1 )  +12* (RI (L2) — P 1 ( L 2 — 1) )  52200980

213 X1 X1+RINT 5520098’
GO TO 223 RE2 0 0982

C *** CALCULATE GAUSSIAN LASER PR OFILE AT INTE R VALS OF BINT STARTING AT 52200983
214 SI GMA=BIM* SQR T (—2. / ALOG (CUT) ) 85200984

QP 2. *POI* .23906*( 1. -BCO) / (3 .14 16 *SI GMA *SIGMA) 55200985
21= 1. -E XP (_ 2 . *PU PI L *PU PI L/ (SI GMA *SIGMA) ) 5E200986
IP(IFIL.EQ.1)GO TO 217 85200987

• DO 216 3=1 ,N 52200988
13=2.*R (J)*R (J)/(SIGMA*SIGMA) 55200989
IP (X3.GT.80.)GO TO 216 95200990
PR (3) EXP (-13) 52200991

216 CONTINUE 85200992
GO TO 276 SF200993

217 11=0. 55200994
DO 218 L=1 ,LII RE200995
X3=2.*X1*X1/(SIGMA*SIGMA) 55200996

5 
PX (L) 0. RE200997
IF (X3.GT.80.)GO TO 218 55200998

V 51 (L) =EXP (—23) 52200999
218 I 1=I1+RIN T RE2 O1000

GO 10 227 52201001
C ~~** SPECIFY UNIFORM LASER PROFILE FROM 8(1) TO B (LIM) 55201002

219 QP=POI*.23906*(1.~ RCO)/(3.1416*RIM*EIM) 5E201003
XX 1. RE201004
IF (RIM.GT.PUPIL) XX PUPIL*PUPIL/(RIM*RIM) 85201005
IF(IFIL.EQ.1)GO TO 221 95201006
DO 220 J=1 ,LIM SF201007

220 PR (J) 1. 85201008
GO TO 276 55201009

• 221 L1=RIM/RINT RE201010
PINT RIM /L1 FF201011

• LII=RI11/RINT+i 55201012
DO 222 L=1 ,LII FE2O 1O13

• 222 FI (L) 1. RE201018
GO TO 227 5520 1015

C *** CALCULATE TOTAL AREA FA (L) AND PORTION OF LASERS POWER BETWEEN R=0RE201016
C *** AND (L- .5)*BINT 52201017

223 IF(IPIL.EQ.1)GO TO 227 FF201018
- - PP(1)=3.1416*FI(1)*RINT*PINT/1e. FF201019

4 FA(1)=3.1416*RINT*RINT/4. 82201020
DO 224 L 2 ,LII 9520 1021
Xl (L— .5)*RINT 52201022
X2=(L—1 .5)*RINT 52201023
FP (L) FP (L_1)+FI(L)*3.1416~~(X1*X1_X2*X2) 52201024

224 FA (L)xFA (L_1)+3.i416* (X1*Xl_X2*!?~ RE2 0 1025
C * *  CALCULATE PROFILE PB (.~) 55201026
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I1 0. FE20 102 7
X2=0 . SF201028
DO 225 J=1 ,N P52 01029
X 3 (R (3) +R ( J + 1 ) )/ ( 2 . *RIN T)+ .500 000 1  FF201030
IF(X3.LT. 15 ) 13=1.000001 55201031
L2=13 55201032
IF(L2.GE.LII)GO TO 225 55201033
14=13—L2 5E20 1034
X5=FP (L2) +I~4~ (PP (L2+1)—FP (L2)) 55201035

- • X6 FA ( L 2 ) + X L 4 * ( F A ( L 2 + 1 ) _ F A ( L 2 ) ) RE2 01 036
PP (J) (X5—X1)/(X6—X2) 55201037
I1=X5 5E201038
12=16 RE2O 1 039

225 CONTINUE 52201 040
GO TO 276 RE2O1O41

• C *** SP R E A D  FUNCTION CALCULATIONS FE2 01 042
227 R E A D ( 5 ,2 0 2 ) Z O ,FLO ,PC ,NB ,CAB ER ,PP , PC 55201043

CAB ER2 CABE B / WAVEL 5E201 0 44
R E A D ( 5 ,228) (JO (L),L=1 ,32) 552010145

228 FORMAT (1OF8.5) 55201046
E E A D ( 5 ,228) (NA (L) ,L=1 ,22) FF2010147
11 (VAVEL-350.)/50.+1. 5E201048

- • L1 X1 R5201O149
12=11—Li 55201050
NC=NA(L1)+X2* (NA (L1+1)_NA (L1)) 55201051
X1 (NB—i .)*NC/ (NB* (NC—1.)) 55201052
FL FLO*X1 55201053

• 
• X2=ZO/FLO 55201054

XO=NC*ZO*X 1/ (NC*X2—X1)—FLO RE201055
13 1.-PC* (NC*ZO-FC)/(NC*ZO*FC) 55-201056
DO 2 30 L 1 ,LI SF20 1057
IF (L.GT.LII)GO TO 230 55201058
X1= (L—1)/13+1.000001 RE201059
L 1 X 1 SF20106 0
X2=X1—L 1 55201061
IF (L1+i.GT.LI)FY(L) 0. SF201062
IF(L1+1.GT.LI)LII L 55201063
IP (L1+1.GT.LI)GO TO 230 55201064
FY (L) (FX (L 1)+ 12 * (FX (L1+1 ) PX (L1)) )/ ( 13 * 13)  RE201065

V 230 CONTINUE RE2 0 10 66
DO 231 L 1 ,LII 5520 1067

231 PX (L) PY (L) RE2 01 0 68
X5=ATAN (PUPIL/ (FLO—PP+X0)) SE2O1 069
16=1.—COS (15) 5E201070
X7=SIN(15)*SIN(X5) 52201071
FF FLO—PP 55201072
DO 234 L=1 ,LII RE20 10 7 3
X4= (L—1)*RINT 55201074
X1=6.2832*NC* (—FF—X6*1O+SQRT (?F*FF—17*I0*I0))*V$*X4/(WAVEL*1.E—7* 55201075
1RUPIL*PUPIL) 55201076
X2 CABER2*X4*14*14*14 5E201077
XF1 (L)=SQRT (?X(L))*COS (X1+X2) 55201078

234 1F2 (L) SQRT (FI (L))*SIN(X1+12) 5E2O1079
DO 260 3 1,N 52201080
X1=6.2832*PiJ)/(WAVEL*1.E—7*FF) 55201081
12 0. R52010 82
13=0. 8520i083
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DO 255 L 1 ,LII 55201084
• X44 11*(L—1 )*BINT RE201085

IF (L.EQ. 1)14=I1*.25*SINT 55201086
V IF(!4.GT.3.)GO TO 250 55201087

X5=X1$/.1+1.000001 FF201088
-: L1=X5 55201089

15=15—Li 52201090
X7 .1O (L1)+15* (JO (L1+1)—JO (L1)) 55-201091
GO TO 25 1 52201092

250 16=3.114 RE201093
X8= .797881456—. 00000077*16— . 00552740*16*16— .00009512*16*16*16+ RE201094

V 1.O0137237*X6*X6*I6*X6~~.00O72805*X6*X6*X6*I6*X6+.0OO14476*X6*I6*X6*RE201095
216*16*16 55201096

• X9=X4— .78539816— .04166397*X6-.5 000039514*X6*16+.00262573*X6*X6*X6_ 55201097
1 .00054125*X6*X6*16*X6— . 00029333*X6*X6*X6*16*16+.00013558*16*X6*16*PE201O98
2X6*X6*16 55201099

• 17=X8*COS (X9)/SQRT(X4) SF201100
251 IF (L.GT.1)GO TO 252 SF201101

X2=X2+X7 * .25* (3. *XP1 ( 1) + X P i ( 2 ) ) * .25*RIN T * .5 *RINT 55-201102
X3=X3+17*.25*(3.*1F2(1)+XF2 (2))*.25*RINT* .5*EiINT 55201103
GO TO 255 RE2 O1i O 4

252 12=X2+17*1F1 (L)*(L—1)*RINT*RINT 55201105
X3=X 3+17*XF2(L)* (L—1)*RINT*RINT 55-201106

255 CONTIN UE 55201107
260 HR (3)=X2*12+X3*X3 52201108

11=55(1) 55201 109
DO 270 J=1 ,N 52201110

270 HR (J)=HR (J)/Ii 55201111
V 11 .0002 FF201112

12=3.1416*11*11/4 FF201113
3=2 55201114
X4=HR (1)*X2 82201115
L 1 2  BE20 1116

271 IF (I1.LT.R(J)+.0000001)GO TO 272 55201117
.1=3+1 P220 1118
GO TO 271 55201119

272 X5= (X1—R (J—1))/(R(J)—R (J—1)) 52201120
I 

• I 16=55 (3-i) +15* (RR (J) —H R ( J — 1 ) )  5E201 121
X7=8.*(L1—1)* 12 55201122
14=14+16*17 85201 123

V L1 L1+1 922011214
• 

- X1=x1 +.0002 95201125
IF(X i.LE..1)GO TO 271 RE201126
QP .239O6*XI*POX* (1. RCO)/14 52201127
RETURN 85201 128

276 DO 280 3=1 ,1 P2201 129
280 HR(3)=PR (3) FE201130

RETURN 5520 1131
END RE20 1132
SUBROUTINE HTXD EP 95201133

C *** RTXDEP COMPUTES RATE OF HEAT DEPOSITON AT VARIOUS POINTS 1,3 5520113 14
COMMON A (29,3),AAV ,ACH ,AP E,ASC ,ATS,IVL,B( 14 ,3),BB ,BV (i 1$,3), 55201135
1CONI (6),CON (29),CUT,DFLOW (6),DPULSE ,DR ,DT ,DTX ,DZ,FL ,HF(14), 95201136
21A8(29,114),IBLOOD (1O),IFIL,IGX ,IBT,IPA ,IPC.IPE ,IPF CF,IPS,IPT, 5E201137
3IPV ,IV (29),JVL ,LIM,LPA ,LPC,LPE,LPS,LPV ,LPX ,!c,Kf1 ,KT ,N,M1,112, 55201138
(4113,N,N1 ,N3 ,N4,NVL,POX ,PR(1l4) ,PTIME,QP,R (114),DCO ,PIM ,RN ,RPE,R R T, 55201139
5RVL ,RSC ,S (29 ,14),SHB ,TAV ,

~

CH ,TOM ,TP..,TJL ,TSC,•TS,V (29 ,14) 55201140
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6 ,V C ( 2 9 ,14 , 120), VS F ( 2 9 ) ,VSHI (6) ,WAV E L , I C ,IFLOW ,IF L O W I ( 6 ) ,IFLO WO (6) ,5E20 1141
71T(120),Z(29),ZD(8),ZM ,FLOWI (14),FLOWX (14),PUPI L ,SI GMA , 55201142
8IPRT(10) ,APE1 ,AP E2 ,RIIT ,Z0 ,FLO ,CA8ER ,CABER 2, PP ,PC, NB ,NC ,FC 55201143

DI M ENSION AB (29 ,3),ABR (29,7),ABS (7),II(29),IZ(29),REF (8),REFL (8), 82201144
1Z H (29)  55201145
IF(IHT.EQ.0)FETURN 552011146
IF(QP.LT.1.E-25)GO TO 3140 52201147
I? (IB T .EQ.1) RE TUS$ 55201148
L Z 7  RE201 149
LZO LZ~ 1 5520 1150
LZ1 LZ +1 55201 151

r DO 280 1 1 ,M 55201152
• II(I)=0 RE2 01153

V IZ (I)z0 52201154
- ZH(I)x(Z(I)+Z(I+1))/2. FF201155
- - DO 279 L l l ,3 5520 1156

279  A B ( I ,L1) 0. 5220 1157
DO 280 L 1 1 ,LZ RE2 01 158

280 ABR (I ,L1) O. 85-201159
r DO 282 L1=1 ,LZ PE2 01160
51 REF (L1) 0. 55201161

• 282 REFL (L1)=0. RE201162
REF (2)=RRT 5E201163
REF (6) RSC 85201164

- REF (LZ1) 0. 55201165
IF (IPRT(1).EQ.0)GO TO 350 RE201166
W RI TE (6,283) (ZB(I),I 1 ,M) 5520 1167

283 FOPMAT (1HO ,52,3HZH /( 1R ,5X ,1OE1O.3)) 5E201168
C *** EVALUATE ABSORPTI ON CONSTANTS APE 1 AND APE2 FOR FRONT AND REAR OF SF20 1169

-
• C *** P5 55201170

. 1 350 IF(IGX.EQ.1)GO TO 284 SF201171
APE1 (APE-ACH* (1.—RPE))/RPE RE201172
APE2=ACH RE201173
GO 10 285 EE2 0i1 7 4

284 APE1 ACH 5E2O 1175
AP52= (APE—ACH*RPE)/(1.—RP2) SF201176

285 ABS (1)=AAV 5E201177
I ABS (2) APE 1 SF2 01 178

A B S ( 3) AP 52 SF20 117 9
ABS(4)=AVL RE2O118O
A B S ( 5 ) AC H RE20 11 81
ABS (6)=ASC RE201182

I ABS(7) ATS 55201183
L 1 2  SF20 1184

• DO 306 I IPA ,M RE201 185
295 IF (ZN (I-1).LT.ZD (L1))GO TO 296 5520 1186

L1 L1+1 P2201187
4 GO 10 295 55201188

296 I F ( Z H ( I ) . G E . Z D (L 1))GO TO 299 55201189
- C *** NO SD BETWEEN ZH (I—1) AND Z B ( I )  FF201190

A B ( I ,1) ABS (L1— 1)*(ZH(I)—ZH (I—1)) RE201191
II(I)=1 RE201192
IZ (I ) L 1 5520 1193

• IF ( L 1 . G T . LZ ) GO TO 306 55201 194
DO 297 L2 L1 ,LZ P520 1195

w~~ 297 AB5(I,L2) A B ( I ,1) 5220119 6
GO TO 306 8E20 1197

109

N

V V V~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —~~~~ V~~~~~~~i~~~~~~~~
’
~~ - -  

- 24



_ _  
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

299 IF (ZH ( I ) . G E . Z D ( L 1 + 1 ) ) G O  10 303 9E20 1198
C *** ONLY ZD(L1) BETWEEN 55 (1—1) AND 55(I) 55201199

AB( I,1)=ABS (L1—1)* (ZD (L1)—ZH (I—1)) 55201200
A R (1,2) =AB S (Li)’ (SM (I)—ZD(Li)) 55201201
A8B ( I ,L1) A8(I,1 ) 55201202
II (I) =2 RE201203
IZ (I) L1 RE20120 4
L3=L1 +1 5E201205
IF(L3.GT.LZ)GO TO 306 55201206
DO 300 L2=L3 ,LZ RE20 1207

300 AB R (I ,L2) AB (I ,1 ) +A B ( I ,2) FF201208
GO TO 306 55-201209

C *“ Z D ( L 1)  AND ZD (L 1+1)  BETWEEN ZH (I — 1)  AND ZH (I) 5520 12 10
303 A B ( I ,1)=ABS (L1—1 )* (ZD(L1)—ZH (I—1)) P5201211

AB (I,2)=ABS (L1)*(ZD (L1+1)—ZD (L1)) 95201212
A B ( I ,3)=ABS(L1+1)* (ZH (I) ZD(L1+1)) P2201213
ABF (I ,L1)=AB (I,1) FF2012114
AB R (I ,L1+1)=AB (I,1) +A B ( I ,2) P2201215
II (I) 3 PE20 1216
IZ(I)=L1 FF201217
L3=L1+2 55201218
IF (L3.GT.LZ)GO TO 306 P2201219
DO 304 L2=L3 ,LZ RE20 122 0

304 AB S (I,L2) AB (I ,1 ) +AB (I ,2)+AB (1,3) FF20122 1
306 CONTINUE 85201222

DO 314 I IPA ,M 55201223
• IF (AB(I ,1).GT.1O.)AB (I,1)=1O . 85201224

IF ( A B ( I ,2).GT.1O.)AB (I,2)=10. 92201225
IP ( A B ( I ,3).GT.10.)AB(I,3)=10. 52201226
DO 314 L=2,LZ R~ 201227
IF (ABS (I ,L) .GT.10.)ABR (I,L) 10. 55201228

314 CONTINUE P2201229
C *** DEP OS ITION BY IN COMING BEAM 52201230

12=QP 52201231
L1=2 95201232
DO 317 I IPA ,N 95201233
L2=II(I) 85201234
13=12 85201235
12=12*EIP(—AB (I,1)) SF20123 6
14 0. 9E201237
IP(L2.EQ.1)G0 TO 315 8E201238
L3 1Z (I) 52201239
14 X2 *PEF (L3) SF20 1240
12= 12* (1. — REF (L3)) *EIP (— AB (I ,2 ) )  8E20 12 141

t IF (L2.EQ.2)GO TO 315 85201242
14=14+12*REP (L3+1) 95201243
12=X2* (1 .—FEP(L3+1))*EIP (—AB (I ,3) )  522012 44

• 315 IF(12.LT.1.E—10)12 0. 8E20121$5
DO 317 J i ,JVL 55201246

• — S(I ,3)=(13—12—14)*HR (J)/(ZH (I)—ZH (I—1)) 85201247
IF ( S ( I ,J ) . L T . 1 .E — i O / D P U L S E ) S ( I ,J) 0. 92201248

317 CONTINUE SF20124 9
C *~~* CALCULATION OF REFLECTED INTENSITIES BY VARIOUS INTERFACES 85201250
C *** STARTING WITH FIRST INTERNAL INTERFACE 85201251

12=QP 55201252
1. - DO 322 L 1 1,LZO • P2201253

X3=ABS(L1)* (ZD(L1+1)—ZD (L1)) PE20125U
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IF(13.GT.1O.)13 10. 95201255
12=12*515 (— 2 3)  82201256
RFPL (L1+1)=X2*REF (L1+1) 85201257

322 22 12*(1.—REF (L1+1)) FF201258
V DO 327 L1=2,LZ 91201259

I IPA 8520 1260
3214 I?IZH(I).GT.ZD (L1))G0 TO 325 R5201261

1=1+1 55201262
IF(I.LE.M)GO TO 324$ 85201263
GO TO 327 52201264

325 12=REFL(L1) R5201265
DO 3-26 L3=IPA ,I RE2 0 1266
13=22 55201267

• L4 1+IPA—L3 P5-201268
12=12*EIP (—ABR (L4,L1)) FF201269

1: DO 326 3=1 ,JVL P2201270
S (L4 ,J)=S (L4,J)+ (13—12)*HR (J)/(ZH(L4)—ZH(L4—1)) 55201271
IF (S(L14,J).LT.1.E—10/DPULSE)S (L4,J) 0. PE201272

326 CONTIN UE 5520 1273
327 CONTIN UE 8520 1274

18T 1  FF20 1275
RETURN 5E201276

C *** NO HEAT DEPOSITION ,B2A M OFF RE20 1277
340 DO 342 1=1,113 FF201278

DO 3142 3=1 ,13 55-201279
3142 S(I ,J) 0. 55201280

151*0 8E201281
RETURN 55201282
END RE2 0 1283

• SUBROUTINE BLOOD RE201284
C SUBROUTINE BLOOD COMPUTES CHAN GES IN M A T R I X  ELEMENT S A AND B DUE 8520 1285
C TO BLOOD FLOW 8520 1 286

COMM ON A ( 2 9 ,3),AA V ,ACR,APE ,ASC,AT S ,AVL ,B(iLê,3),BB ,BV(it4,3), SF20 1287
1CONI (6),CON (29),CUT,DFLOW (6),DPULSE ,DR ,DT,DTX ,DZ,?L,HB (14), SF20128 8
2 IAB(29 ,14) ,IBLOOD (i0) ,IFIL ,IGX ,IHT ,IPA ,IPC,IPE ,IPBOF ,IPS,IPT , 85201289
3IPV ,IV (29) ,JVL ,LIM ,LPA ,LPC ,LPP ,LPS ,LPV ,LPX ,K,KM ,KT ,M ,M1 ,112, SF20 1290
4113,N,N1 ,N3 ,N4 ,NVL ,POX,PE (14),PTIME ,QP,R (14),RCO ,FIM ,RN ,RP E ,RR T , 85201291
5RVL ,BSC,S (29 ,11&),SHB ,TAV ,TdH ,TOM ,TPE ,TVL ,TSC,TTS,V(29,14) 85-201292
6,VC (2 9,1L4 ,120),VSH (29),VSHX(6) ,WAVEL ,XC,IPLOW ,XFLOWI(6),IFLOWO(6),R E2 0 1 29 3

• 
V 7XT (120),Z(29),Z D ( 8) , ZM ,FLOWI(14),FLOWX(i4),PUPI L ,SIGMA, P5-201294

8IPRT(1O) ,AP E 1,APE2 ,RINT ,ZO,FLO,CABER ,CA RER 2 ,PP ,PC,NB ,NC ,?C 52201295
DIMENSION RD(14),BH (14),XI (14),XO(14) 55201296

C *** INITIAL EVALUATI ON OF PARAMETERS AND A R R A Y S  55201297
DO 800 .1 1 ,N3 5E20 1298
BV (J,1) O. P5201299
BV (J,2)0. FF201300
B V ( 3,3) 0. 5E201301
FLOWI (.T)0. 5220 1302

• 800 PLOWI (3) =0. 82201303
RB(1) R(2)/2. 55201304
DO 803 3 2,JVL 85201305

803 RH (J)= (R (J)+R (J+1))/2. SF201306
- 

5 
L2=2 55201307

L • DO 810 J=1 ,3VL R520 1308
805 IF(DFLOW (L2).GT.RH(J))GO TO 806 55201309

V L2=L2.1 RE2O1 310
GO TO 805 FF2013 11

HI 
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806 X1 DFLOW (L2)—DFLOW (L2—1) 55201312
12=RR ( J )—D F LO W (L2—1 ) 5520 1313
23*12/21 R52013114
XI(J) = XFLOVI (L2—1) + 13* (IFLO WI( L2) -X ?LOW I ( L 2 — 1 ) )  85-2013 15

810 IO (J)= XFLOWO(L2—1 )-+13* (XFLOWO (L2)-IFLOWO (L2—1)) 92201316
?LOVI (1) O. 92201317
DO 812 J=2,JVL 8220 1318

812 FLOWx (J)=FLOWI (J~ 1)+(II(J—1)—IO (J—1))* (5 (J)*R(J)—5 (J—1)*5(J—1))/ RE201319
1 (2..*TVL) 85201320

PLO WI (JVL +1) FLOWX (JYL) 8220 1321
L 2 2  85201322
FLOWI(1) XFLOWI (1)/TVL 95201323
DO 820 J 2 ,JVL 9520 1324

8114 IF(DPLOW (L2).GT.F(J))GO TO 816 ff201325
L2 L2+1 82201326
GO TO 81 14 95201327

816 14=DFLOW (L2)—DFLOW (L2—1) 85201328
15 R(3)—DFLOW (L2—1) 85201329
16=25/114 ff201 330

820 FLOVI (J) (IFLOWI (L25~1)+X6* (XFLOWI (L2)._XFLOWI (L2_1)))/TVL ff201331
DO 823 3=2,JVL 82201332

823 BD(3)*1./(U (3)*(R (3+1)—R (J.1))) 92201333
C *** CALCULATE CHANGES IN MATRIX EL E M ENTS A AND B DUE TO BLOOD FLOW 52201334

BV( 1 ,1) 0. FE201335
BV (1,2) =—SHB*FLOWI (1) /2. 82201336

• 
• B V ( 1 ,3) 0. 82201337

58 —SffB* X?LOV/2. P5201338
DO 825 J=2,JVL 5520 1339
DV (3 , 1) SHB *RD (J ) *FLO WX (3) 5220 1340

V 
BV (J ,2)=SHB*RD (3)*(FLOWI (J_1)_?L0WI (3+1))/2 ._SHB*FLOWI (3)/2. 52201341

825 BV (J ,3)~~~SH5*PD(~3)*FLOWX (3) 92201342
DO 835 I IPA ,11 85201343

835 IV (I) O P5201344
DO 8140 L3=1 ,NV L 9520 1345
L4 IBLOOD (L3) 5220 13146

8140 IV(LL4) 1 55201347
DO 845 I IPA ,LPS 552013148
DO 8 142 3 1,JVL 852013149

8142 IAB(I,J ) 0  85201350
• I?(JVL.EQ.N)GO TO 845 35201351

L1 JVL+1 P520 1352
DO 843 J L 1 ,N - 55201353

843 I AB ( I ,3) 1  52201354
845 CONTINUE 85201355

• DO 850 I=IPT,M 8220 1356
DO 850 3 1,N 5220 1357

850 lAB (1,3) =1 55201358
RETUR N 95201359
END 55201360
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C PLOTTING ROUTINE 11151 PLT0000 1
C VER SION Its NOV 1975 PLT00002

• C TWO AND THREE DIMENSIONAL PLOT S PLT00003
C PLT00004
C 111,112 I VALUES DESIGNATING RANGE OP 5(I) VALUES FOR PLT00005
C PLOTTING RANGE *Z(II1)  TO Z(I 12) PLT00006
C 113 DESI GNATED PLAN E OR SURFACE CURVE M ARKED WITH PLT00007
C AN ASTERISK SYMBOL PLT00008

V 

C 331,332 3 VALUES DESIGNATING PANGS OF 8(3) VALUES FOR 51.100009
C PLOTTING RANGE R(JJ1) TO 5(332) PLT0001O
C 8(3) ORDINATE ,CM PLT000I1

1 C RGR RANGE OF P VALU ES TO BE PLOTT FD,CM PLT00012
C R OY RAN GE 0? TEMPER AT URE VALUES TO BE PLOTT SD,C PLT00013
C RGZ FANGS OF Z VALUES TO BE PLOTTED,CM P1.100014
C TIMEX TIME AT WHI CH TEMPERATURE RI SE VALUES AR E PLOTT ED,SECPLT000 15
C V ( I ,J) TEMPERATURE RISE AT TIME TIMEI(K),C PLT000 16

- V C 5 (I) ABSCISSA ,CM PLT00017
REAL LA PLT00018
COMMON/PLBA S1/ 5(4,3001) ,ICON (3001) ,NUN ,NU M AX ,IPLTI PLT00019
COMMO N/PLBAS2/AP(16),AV(16),CP(16),DAT(8) P1.100020
DIMENSION LA (4) PLT0002 1
DIMENSION RR (100),PT(3),RP(100) PLT00022
DIMENSION R(1l$),V (29 ,14),Z(29) PLT00023
DATA LA/45Z,CM ,4HR ,CM ,45 T,C,4HRUN*/ 51.100024
IPLTX O PLT00025

5 DAT(1) 1.0 PL100026
V IRR=0 PLT00027

CALL SSPLOT PL?0002 8
READ (5,9,END=50) NRUN ,NPULSE,REPET P1.100029

9 FOR MA T (217,E1O.l4) PLT0003O
- - R E A D ( 5 ,10 ) DP ULSE ,WAV E L ,F IM PLT0003 1

10 FORMAT (3211.44) PLT00032

• F E A D ( 5 ,11)II1 ,I12.113,JJ1,332 PLT00033
11 FOR M A T( 517) PLT00034

R E A D ( 5 ,1 1 ) N 3 ,M3 PL100035
READ (5,12) (5(3) ,J=1 ,13) 5LT00036

12 FOFMAT(10F8.4) PLT00037
READ(5,12) (Z(I),I 1 ,113) P1.100038
READ(5 ,10)TIMEX 21.100039
DO 15 1=111,112 PLT000ISO
READ (5,16) (V (I,J) ,J=JJ1 ,3J2) 21.100041

15 CONTINUE PLT00042
16 FORMAT (6E13.6) PLT00043

R E A D ( 5 ,16)RGV PL100044
C *** START OP PROGRAM FOR PLOTTING P1.100045

RGR=R (J32)—R(331) P1.100046
RGZ Z (112)—S (Ill) 21.100047
SPLAG O. PLT00048
SFAC O. P1.100049
IF(RGV.LT.1.)G0 TO 25 PLT0005O
SFLAG 1. PLT0005I

- 
~~. I F ( ( R G V . G E . 12 . ) . A N D . (RGV .LT. 112 . ) )SFA C * 10 .  PLT00052

4 I F ( ( R G V . G E . 1 1 2 . ) . AN D . (RGV.LT .112 0 .) )SFAC * 100.  51.100053
I F ( ( R G V . G E . 1 12 0 . ) .A N D . ( R G V .L T . 1 1 2 0 0 . ) ) S F A C 1000. PLT00054

-

• 
3 IF(RGV.GE.11200.)SFAC*10000. PLT00055

IF ( S F A C . E Q . 0 . ) G O  TO 26 PLT000S6
DO 14 1*111,112 PLT00057

113
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DO 13 J*JJ1,J32 21.100058
13 V ( I ,J) V ( I ,3)/SFAC PL100059
114 CONTI NUE PLT0006O

RGVzRGV/SFAC PLT00061
GO TO 26 PLT00062

25 IF ( ( R G V . L T . 1 . ) . A W D . (R G V . G E . . 1 ) ) S F A C 1O. PLT00063
IP((R GV.LT..1).AND .(RGV.GE..O1))SFAC 100. PL100064
IF((FGV.LT..O1).AND. (R GV.G!..001))SFAC*1000. PL100065
I F ( ( R G V . L T . .0 0 1) . A N D . (R G V .G2 . . 0 0 0 1 ) ) S ?A C 10000. PLT00066
IP(RGV.LT. .0001) SFAC*100000. 2L100067

• DO 18 1=111,112 PL100068
DO 17 3 331,332 PL100069

V 17 V( I,J) V ( I ,3)*SFAC 21.100070
• 18 CONTINUE P1.100071

RGV=SFAC *RGV PLT00072
26 W B I T E ( 6 ,19) 21.100073
19 FO FM AT( 1R 1 ,3X ,21HSCIENTIFIC INPUT DATA) PL100074

WR ITE (6,21)RGZ,FGR ,RGV PLT00075
21 FORMAT (1HO, ZSHRGZ ,E8.3,2X,4HRG R ,28.3,2X ,4HBG V ,58.3) 2L100076

IF(SPAC.EQ.O.)GO TO 28 PL100077

• IF(SFLA G.NE.O.)GO ¶0 8 PL100078
WRI T~~(6 ,7)SPA C PLT00079

7 FORMAT (150,3OHTEMPE5ATURE RISES SCALED UP BY,59.1) PLT0008O
GO TO 28 PLT000B1

8 WR I TE (6,27)SFAC 21.100082
• 27 FORMAT (1HO ,32 H TE MP EP AT UEE RISE S SCALED DOW N BY ,F9.1) PL100083

28 DO 23 1=111,112 PLT00084
W R ITE (6,22)I ,(V(I,3),3 J31 ,332) 51.100085

22 F O RMAT (1H0 ,2H1 ,I3/ (1X ,10510.5)) PLT00086
23 CONTINUE PL’r00087

WRITE (6 ,214) PLT00088
24 F ORM AT ( 1H0 ,31,355AX15 INFORMATION (SYSTEM GE$ERATED)/) PLT00089

C *** PLOT ROUTINE PLT0009O
30 CONTINUE PLT0009 1

C - P1.100092
C SET UP POP PLOT PLT0009 3
C 21.100094

. 
IDIF= 112—II1+1 PLT00095
JDIF JJ2-331+1 21.100096

• I N M 1  PL100097
DO 100 N 1 ,IDIP PLT00098
DO 100 M 1 ,JDIF 51.100099
11 111+N—1 21.100100
31*331+11—1 51.100101
P ( 1 ,NN)=R (J1) PLTOO1O2
P ( 2 ,NN) Z(I1) P1.100103
P ( 3 ,N M ) V ( I 1,J1) 21.1001014
ICON(NM) 1O 21.100105
IF(M.NE .1) ICON(NM)*0 P1.100106

~: NM NM+1 51.100107
100 CONTINUE 21.100108

1 DO 200 N=1 ,JDIF PLTOOIO9
DO 200 N 1,IDI? PLTOO11O
31 3J1+M—1 21.100111

• .1 I1 II1+N— 1 PLTOOI12
p (1,NM) R (31) 21.100113
P ( 2 ,NMP Z (I1) PLT0O11~

114
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• P(3,N M ) V ( I 1 ,J1) P1.100115
ICON(NM )=10 21.100116
IF (N.NE.1) ICON (N11)=O PLTOO117
NM NM+1 PLTOO11 8

200 CONTINUE P1.100119
N UMA X 3000 PLT O O12 O

V NUM NM— 1 51.100121
CALL POLS U R (JDIF ,IDIF) 21.100122
DO 150 M N = 1 ,JDIF 21.100123

- S 11=331+1111-1 PLTOO124
NUM NUM+ 1 21.100125
P( 1 ,NUM)=R(M) P1.100126
P ( 2 ,NUM)=Z(II1) PLTOO127
P(3,NUM)=0.O PLT00128
ICON (NUM ) =10 51.100129
N U M = N U M + 1  PLT OO 13O
P( 1,NUM)=P (M) PLTOO131
P ( 2 ,NUM)=Z(II1) PLTOO132
P(3,NUM)=V (II1 ,M) PLTO O 1 33
ICON (NUM) 0 21.1001314

150 CONTIN UE PLT OO1 35
DO 160 MM= 1 ,JDIF 51.100136
11 331+MM— 1 21.100137
NUM=NUM+1 51.100138
P(1 ,NUM)=R(N) PLTOO139
P ( 2 ,N U M ) Z ( 112) PLT O0 14O

:~~ P (3 ,NUM) O.0 PLTOC14 1
ICON (NUM) =10 P1.100142

V 

NUM NUM+ 1 PLTOO143
V P ( 1,NUN)=P (M) PL100144

P ( 2 ,NUM)=Z(II2) PLTOO 145
P(3 ,NUM)=V (112 ,M) 21.100146
I C O N ( N U M ) O PLT OO 147

160 CONTINUE PL T CO1 4B
DO 170 NN 1,IDIF 51.100149
NUM NUM+1 PLTOO 15O
N N N +II1-1 PLTOO151
P ( 1 ,N UM ) R ( 332) PLT OO 152
P(2, NUM )=Z(N) 5LT00153
P(3 ,NUM) 0.O PLTOO 1S4

I ICON (NUM) 1O 51.100155
NUM=NUM+1 51.100156

• P (1 ,Nl111) R(33 2) PLTOO 1 57
I )  P (2 ,NUM) Z(N) 21.100158

P ( 3 ,N UM) V ( N ,J32) PLT OO15 9
V ICON (NUM) 0 PLTOO16O

170 CONTINUE PLTO O 161
NUM=NUN+1 PLTOO162
5(1,5011) =5 (332) PL100163

- P(2,WUM)=Z(113) PLTOO164
I V P(3,NUM )=V (1I3,332) P1.100165

• P(4,NUM)= 11. PLTOO1 66
ICON(NUM) 31 PLTOO167
NU PI NU N + 1  PLTO OI 68

~r -~~ P(1 ,N UM) F (331) PL TOO 169
- II P(2 ,NUM) Z(II1)-RGZ*0.25 21.100170

p (3 ,NU11) 50V*O.5 21.100171

- 115
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p (L4 ,N U M )  LA (3) PL100172
ICON (NtJM) =32 PL100173
NUM LIUM+1 21.1001714
P (1 ,NUM) =8(332) +RGP*0. 1 21.100175
P (2 ,NU11) Z(II1)+PGZ*O.5 21.100176
P (3 ,NUPI)=O .O P1.100177
P (L4 ,NU M) =1.A ( 1) PLTOO 178
ICON ( M UM) =32 P1.100179
WUN NUM+ 1 21.100180

• P(1,NUMP~R (JJ1 )+RGR*O.5 
PLTOO18I

P(2,NUM) Z (II1)—RGZ*0. 1 21.100182
P ( 3 ,NUM ) 0.0 PLTOO183
P(4,NUM)=LL (2) 21.100184
ICON (NUM) =32 21.100185
CALL S!MCON(.07,4,— 1.1,—1.2) PLTOO1S6
NUM=NUfl+1 PLTOO187
P( 1 ,NUM)’R(J32) PLT OO 188
P ( 2 ,N U M) Z (I I1) 21.100189
P(3,NUM) 0.0 PLTOO1 9O
P(4,NUM) R (J32) 51.100191
ICON(NUM) 33 PLTOO’92

C I-AXIS AT Y*Z(II1) 21.100193
RP(1) JDIF PLTOO194
DO 300 KK=1 ,JDIF PLTOO195
IJ=KK*2 PL?00196
JK= J J1 + K K —1 PL”00197
RP (IJ) R (JK) PLe00198
13=13+1 PL 100 199
PP (13) 1 PLTOO2 00

300 CON TIN UE P 1.100201
PRI NT 398 PL?00202

398 P OPMA 1( 10I, ’ 9— A X I S ’)  21.100203
PRINT 399, (RP (LL) ,LLZ 1 ,IJ) 2 1.100204

399 F O F M A T ( 5 1 , 10F10 .4) PLr00205
51(1) R (J J 1 )  PL TOO2O6
PT (2)*Z(II1) 21.100207
2 1( 3 ) 20 51.100208
LAB 1 P 1.100209
CALL AXES (RP ,P1, L&3 ,2 ,1) PL1002 10

C I— A X I S  AT Y 5(1I2) 21.100211
21(1)2 5 (331) PLTO O2 12
21(2)25(112) PL10021 3
P 1(3) 20 PL1002114
LJ8 1 51.100215
CALL AlES (R P ,PT ,LAB ,2 ,2) 21.100216
CALL SYM CON (O.07 ,14.1.1 , 1.2) PLT002 17

C TAXIS AT 2*8 (43 1) PL1002 18
RP (1)*IDIF PLTOO21S
DO 301 K K 1 ,IDIP PLTOO22O
IJ*KK*2 21.10022 1
JK*II1+K K 1  PL100222
92(13)25 (3K) PLT00223

~ 
,~~ 13*13+1 51.100224

95 (13)2- i 21.100225
301 CONT INUE 21.100226

PRINT 397 PLT00227
397 P O P M A T ( 1 O X , ’ 5 — A X I S ’)  21.100228

116 
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PRINT 399 , (RP(LL) ,L L 1 ,IJ) 51.100229
51( 1) =9(331) PLT OO23O
PT(2) Z(II1) 21.100231
PT (3) =0 PLT00232
LAB*2 PLT00233
CALL AlES (RP ,P1,LAB,2 , 2 )  21.100234

C I-AXIS AT TOP OF V 51.100235
PT ( 1) R(JJ1)  PLT00236
PT (2) Z(I I1)  PLT00237
21(3) *RGV P1.100238
LAB 2 PLT0023 9
CALL AXES (RP ,P1,LAB ,2 ,1) P 1.100240

C I—AXIS AT X 5(JJ2)  P 1.10024 1
P T ( 1 ) = B (332) PLT00242
21(2) *5(111) 51.100243
P1(3)20 P1.100244
RP(3)a1 PLTOO24S
52(13)21 51.100246
LAB z2 PLT OO2 4$ 7
CALL AXES (RP ,PT ,LAB ,2 ,1) 21.100248

C S— A X I S  AT 2=5 (33 1), Y Z ( I I 1 )  P 1.100249 V

CALL SYMCON (0.07 ,1,— 1 .1 ,1.2) PLTOO25O
5 5( 1) R G V+ 1  • PLTO O25 1
SF (1) RGV+1 51.100252
II RF (1)+1 PLT00253

DC 302 K K 1 ,II P1T00254
I3=KK* 2 PLT00255
55 (13) =KK—1 P1.100256
55(13) = K K — 1  51.100257
13=13+1 PL100258
RF (IJ)2(—1)2*IKK+1) P1.100259
RP (IJ) 1. P1.100260

302 CONTIN UE PLT OO261
PRINT 396 PLT 00262

396 F O R M A T ( 1 O X , ’ V — A X I S ’)  21.100263
PRINT 399 , (R E (LL) ,LL= 1 ,IJ) P1.100264
21( 1) R (JJ 1) 51.100265
P T ( 2 ) Z ( I I 1)  21.100266
51(3)20 P1.T00267

V LAB 3 PL100268
CALL AIES ( RR ,PT ,LAB ,2 , 1) PLT00269

V PT(1)=R(JJ1) P1.100270
PT(2)2Z(I12) PLTOO271
PT~ 3)20. 

P1.100272
LA 5 3 P 1.TO027 3
CALL AX ES ( R P ,PT ,LAB ,2 ,1) PLT OO27iS
PRINT 400 P1.100275

1400 ?ORMAT(1H0 ,3X ,37 HT HR E E DIMEN SIONAL POINTS IN PLOT FILE/ 1HO ,61, PL100276
15HPOIN T ,23X ,1HR ,14X ,1HZ , 14X , 1HV) P1.100277

DO 299 L L 1 ,NUM PLT00278
PRINT 199,LL ,ICON(LL) ,P( 1 ,LL),P(2,LL),P ( 3 ,LL) P1.100279

199 FORMAT (51 ,I5,5X ,15,5X ,3F15.4) 21.100280
299 CONTIN UE PLTOO28 1

C PLTOO2S2
[ - C END OF PLOT SETUP 21.100283

C PLT00284
WSIT!(6,34) PLTOO28S

117
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314 FORMAT (1HO ,3X ,43ESUMMART OF ADDITIONAL SCIENTIFIC INPUT DATA) 21.100286
W RITE (6, 35) WAVZL,NP ULSE PLT00287

35 FOPMAT( 1HO ,1 1 H W A V E L E N GTH ,E9.4,2RNM ,8X,17HNUMBEB OF PULSES ,I5) 21.100288
W R I T E  (6, 36) DPULSE ,RIM 21.100289

36 FORMAT(1H0 ,12HPULSE WIDTH= ,E9.4,3HSEC ,1OX,13HIMAG5- FADIUS ,E9.L$, P1.100290
12HC5) 21.100291

WRITE (6,37) REPEl 21.100292
37 FOR MA T ( 1 H O ,16HFEPE TI TI ON RAT E ,E9.4,1OBPULSES / SEC) PLT0 0293

c S 21.1002914
WRITE (6 ,40) PL 100295

40 F OR MA T ( 1HO ,17HAIIAL DISTANCL,CM) PLTOO29f
W RITE (6,41) 21.100297

41 FORMAT (100,18H RA D IA L DISTA N CE ,CM) 9LT00298 V

WRITE (6 ,42) 2LT00299
42 FO5M A T ( 1 50 ,25 HTEHPESAT UEE RI SE ,DEGREE C) PLTOO300

W P I T E ( 6 , 143) T I M EX ,N R U N  PLT0030 1
43 FO RM A T ( 1H0 , 2 7 H T E M P E R A T URE RI SE PROFILE AT ,E9.4,9HSEC (RUN= ,114,1R) ) 2LT00302

W R I T E ( 6 ,L 44 ) 21.100303
414 FOBMAT (1HO ,3X.17HPLOT COMMAND LIST/) PL1003014

CALL PLOT(12.,— 11.,—3) P1.100305
CALL P L O T ( 0 . , • 5 ,—3 )  5LT00306
H T . 114 PLTO03O~
A=TIMEX 21.100308 V

5=NRUN PLTOO3O9
CALL SYMBOL (0.,1.,HT ,29 H T E M P E R A T U R E  RISE PROFILE AT ,0.,29) 2L100310
X X 2 9*HT PLTOO311
CALL FN U M (X X ,1.,A ,1 2) 5LT003 12
X X= X X+ 16 *H T PLTO O313
CALL SYM BOL (XX ,1.,HT ,13HSEC — — RUN = ,O.O ,13) 51.100314
X1=XX+1 3 *R T P1.100315
CALL N U M B E R (XI ,1., HT ,B ,0.0 ,0) 21.100316
IF(SYAC.EQ.O.)GO TO 45 PLTOO317
FPN SFA C PLT003 18
I? ( S F L A G . E Q . O . ) F P N 1./ SFAC 51.100319
CALL SYMBCL (0•,.75 ,.1,29H ORI GINAL T,C = PLOTTED T ,C* ,O.,29) PLTOO32O
CALL NUMBER (2.9,.75,.1,FPN ,0.,5) PLT00 32 1

45 CALL R E A D IN (IRB ) PLT00322
IF (IRR.EQ.1)GO TO 50 51.100323
GO TO 5 PLT0032 4

50 CALL PLOT(12.,O.,999) PLT 00325
STOP PLT00326
END 21.100327
SUBROUTINE P O L S U R (N ,N) PLT00328
COMMON/PLBAS1/ P(ts,3001),ICON (3001),NUM ,N U M A X ,IPLTX PLT0032 9
DIMENSI ON W ( 3 ,500) PLTOO33O
WCT O PLT OO33 1
DO 10 1 1 ,N PLT00332
DO 10 J 1 ,M PLT00333
NCT NCT+ 1 51.100334
DO 10 L=1 ,3 PLT00335
W (L,NCT) P(L,NCT ) PLT0033 6

j 10 CONTINUE 21.100337
V NUII O P1.100338

DO 20 N1=1 ,N 21.100339
NLOZN 1 21.100340

2LTOO3U1
DO 20 M1=1 ,MM PLT00342
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MLO M1 PLT00343
$UM NUM+ 1 PLT00344
NA M 1 + M 1 * N — M  51.100345
CALL EQUIV(P(1 ,NUM) ,W ( 1 ,NA )) P1.100346
ICON (NU M ) =0 P 1.100347
IP (M1 .E Q .1)  ICOM (NUM) 2 1O PLTO O3 14B
NUM NUN+1 PLTOO349
NA2M1 +1+(N1-1)*N PLTOO35O
CALL EQUIV(P(1 ,NUM ),W (1,NA) ) PL100351
ICON (MUN) 0 P1.100352
soazwUn+ l PLT00353
ISIGN*1 PLT00354
IF (N1.NE.1) ISIGN —1 P1.100355
NAZMLO+(NLO—1) *M+1 PLT00356
N B Z M A — 1  PLT0035 7

:- N C 2 N A + I S I G N *M  PLTO O3 S8
I SIGN~~ ISIGN 2LT0O359
CALL PCPOSS ( W ( 1 ,N A) ,W ( 1 ,NB) ,W ( 1 ,NC) ,P ( 1 ,N 0fl ) ,ISI GN) P 1.100360

L ICON (NUM)250 P1.100361
20 CONTINUE P1.100362

DO 30 M1 1 ,M PLT00363
MLO M 1  P1.100364
N N N ~ 1 PLT00365
DO 30 N 1= 1 ,N N 51.100366
NLO N1 PLT00367
NUM NUN+1 PLT00368

• NA M1+ (N1—1)*M PLT00369
CALL EQUIV(P(1,NUM) ,W ( 1 ,N A ) ) PLT OO 37O
ICON (NUM)20 51.100371
IF(N1.EQ.1) ICON (NUM)210 PLT00372
N U M N U M + 1  P1.100373
N A M 1 + ( N 1 _ 1 ) * M $ M  PLT00374

• CALL EQUIV (P(1,NUM),W(1 ,NA ) ) PLT00 375
ICON (MUM) =0 PLT00376
NUN NUM+1 PLT00377
ISIGN 1 21.100378
I F ( N 1 • E Q . M )  I SIGN —1 PLT00379
NA M L O + ( N L O _ 1) * M + f l  PLT OO38O
NB NA+ISIGN 21.100381
NC NA-M PL100382
I SIGN -I SI GN 21.100383
CALL PCRO SS (W (1,NA) ,W ( 1 ,NB),W ( 1 ,NC) ,P(1,NUM),ISIGN) 51.1003814

-
- 

ICON (NUM)250 21.100385
• 30 CONTINUE PL100386

RETURN P1.100387
END 21.100388

o SUBROUTINE PCROSS (PA ,PB ,PC,V ,IS) 21.100389
DIMENSION PA(3),PB(3),PC(3),V(3) PLT00390
D I M E N S I O N  V X ( 3 ) ,V Y ( 3 )  P1.100391
DO 10 1 1 ,3 21.100392
VI (I) 2B (I) —PA (I) 21.100393
VT (I) PC ( 1 ) — P A  (I) PLT00394

10 CONTINUE P1.100395
V ( 1 ) = V X ( 2 ) * V Y ( 3 ) — V X ( 3 ) * V Y ( 2 )  21.100396
V ( 2 ) = — ( V X ( 1 ) * V Y ( 3 ) — V X ( 3 ) * V Y ( 1) )  51.100397

• - V (3) = V X ( 1) * V Y  (2) — V I  ( 2 ) *V Y ( 1 )  P1.100398
V SUM O.0 21.100399

L 
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DO 20 1=1 ,3 51.100400
20 SUM=SUN+V(I)*V(I) P1.100401

SUM SQRT (SIJM)+1.0E—20 51.100402
DO 30 1=1 ,3 21.100403

30 V(I)2IS*V (I)/SUN PL100404
RETURN 51.100405
END PLTO O4O6
SUBRO UTIN E EQUI V (PA ,PB) 21.100407

• DIMEN SION PA (3),PB(3) PL100408
DO 10 1=1 ,3 PLTOO 4C9

10 PA (I)2PB(I) 2LT00410
RETURN 51.100411
END 51.100412
SUBR OUTINE SYNCON(HH ,NN ,XX ,YY) P1.100413
COMNON/PLBAS1/ P(4,3001),ICON (300 1) ,NUM ,N U M A X ,IPLTX 5L100414
NUM=N UM+1 PL100415
DO 10 1= 1 ,3 P1.100416

10 P ( I ,NUM)=0,0 PLTOO1417
P(4,NUM)2HH PLTCO4I8
ICON (NUM) 71 21.100419
NUM NUM+1 PLTOO42O
DO 20 1=1 ,3 PLTOO421

20 P ( I ,NUM)20.0 51.100422
P (4,NUM ) =NN P1.1001423
ICON (NUM)=72 PLT00424
NUM NUM+1 PLT00425

V DO 30 1=1 ,3 5LT00426
30 P ( I ,NUM)20.0 PLT00427

• P (iI , N U M ) 2 X X  51.100428
ICON (MUM) =73 PLTOOL&29
NUN NUM+1 PLTOO 43O
DO 40 1=1 ,3 P1.100431

140 P ( I ,WUM)20.0 21.100432
P(4,NUM)=YY P1.100433 

V

ICON (NUM) =74 PLT00434
RETURN P1.100435
END P1.100436
SUBR OUTINE R E A D I N  (IFS) PLT OO U37

I ’  COMMON/PLBAS1/ 5(4,3001) ,ICOW (3001) ,NUM ,NUMAX ,IPLTX PLT 00 438
COMMON/PLBAS2/ AP(16),AV(16) ,CP(16),DAT (8) 21.100439

V CONPI ON/ PL BA S3/ W INX L ,W I N Y L ,W I N X W ,WI N YW , I W IN P 1.100440
• COMMON/PLBAS4/ SCBNXL ,SCRNYL ,SCRNXW ,SCRNTW ,ISCRN PLTOO441

COMMON/PLBAS5/ SIGNOB ,SNPLOT ,IH 51.100442
DIMENSION NAM (21) 51.100443

• DATA NA M/ 4HP ,4HIN I T ,4HROLL,4HPIT C,4HY A W , PLTOO444
X ‘4HSCAL ,’SHTRAN ,4HDIST,4H R E I N ,4HRI DE , PLTOO U4S
I 4HSIGN ,4HW IN D ,4HSC RN ,L&HBOI ,4BFACT , P1.100446
I L4HPLOT ,4HUS ER ,4H P P I N ,UHE N D ,4HDUM , 51.1001447

* I 4HAIIS / P1.TO0448
DATA NON A fl/~ 1/ 51.100449

• EQUIVALENCE (DAT(1),RDAR( 1)) P1.100450
DIMEN SION RDAR (8) 21.100451
DIMENSION P- (4),RMN (3),RMI (3),PT(3) 51.100452
IPE 4 I N O  PLTOO U53

1 RE AD (5,10,5N D 99 9) NAM N , ( R D A R (L ) , L 2 ,8) PLT0O45~
10 FORMAT (A14 ,6X ,7F10.t4) PLTO0~ 55

IF(IPRIN.GT.0) GO 10 41 PLT00U5~
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W R I T E  (6 ,4 0) N A M N , (R DA R (1.) ,L 2 ,8) P 1.100457
40 FOFMAT (1I ,A4,61,7F10.4) 51.100458
41 CONTINUE PL100459

C--— COMPARE TO PRE!TOFED NAMES IN ORDER TO DETERMINE THE ACTION CODE 51.1001460
DO 20 I=1 ,NONAM 51.100461
IF (NAMM .EQ.NAM(I)) GO TO 30 P1.100462

20 C O N T I N U E  PLTOO L S63
V C — — —  E R R O R  PATH —— INP UT WORD WAS NOT VALID PLT00 464

IRR 1 51.100465
WRITE (6,5u) NA MM ,NAM 51.100466

50 FOP MA T (/, ’ ERR OR -— THE CODE NAME ‘ ,A5 , 1X , ’ WAS NO T VALID , VALID P 1.100467
V I N A M E S A R E  AS POLLO VS ,/,20(11,Ale)) 51.100468

GO 10 999 PLT00469
30 CONTINUE PLTOO147O

V IF(I.EQ.1) GO TO 100 21.100471
V IF(I.GT.1•AND.I.LT.17) GO TO 120 5LT00472

IK=!—16 PLT00473
GO TO (170 ,180,190,200 ,2 10) , IK 51.100474

100 CONTINUE 51.100475
- •  IF (FDAR (2).LT.—0.1•OE.RDAR(2).GT.99.) GO TO 110 P1.100476

NUM=NUM +1 51.100477
DO 111 L=1 ,4 PLTOOLt78

111 P(L,NUN )=RDAR (L+2) 5LT00479
ICON (NUN) =RDAR (2) PLTOO’480
GO TO 1 PLTOO4R1

V 

- 110 CONTINUE P1.100462
- NUM=RDAR (3) PLT00483

V GO TO 1 51.100484
120 CONTINUE 51.100485

RDAR(1)=I-1 PLT00486
CALL SSPLOT pLT00467
GO TO 1 PLTOC’488

170 CONTINUE PLT00489
RDAR(1)=17 51.100490
CALL USER 51.100491
GO TO 1 PLT00492

180 CONTINUE 51T00493
F IPI1IN=RDAR (2) PL100494

L GO TO 1 51.100495

r I 190 CONTINUE P1.100496

* I GO TO 999 PLTCO4S7
200 CONTINUE PL100498

WP ITE (6,201) NUM ,NUMItX P1.100499
201 FORMAT(5X ,’CUREENT NUMBER OF POINTS= ‘,16,’ AND MAXI M UM ALLOWED PLTOO500

X ,I6) PL TOC 5 O 1
- NUM1=NINO (NUMAX ,N U M )  PL TOO 5O2

IF (NUM1.LF.0) GO TO 1 PLTOO5O3
WRITE (6,205) P1.100504

205 FOE M A T ( 1I ,1O1ICOOPDI N ATE ,1OH LO W VAL ,1OH HI VAL , PLTOO5O5
I 10H M E A N  VAL ,1OH WIDTH ) P1.100506
DC 202 3=1 ,3 PL100507

• RMIN 1.OE+20 PLTOO5O8 
V

R M A X~~~1.0E+20 PLTOO5O9
DO 203 L 1 ,NUM P1.100510
IF(ICON (L).GE.49) GO TO 203 PLTOC511
pMIN ~~1MIN1(RnIw ,P(a,L)) 51.100512

• R M A X A M A X 1  ( R M A X ,P ( 3 ,L ) )  P 1.100513
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2 03 CON T I N U E  PLTCO 5 14
RMEA N= (RMAX+RMIN,/2.O PLTOC515
DIF RMAX -RMIN PLTOO516
W R I T E ( 6 ,204) 3,R N I N ,R M A X ,R M E A N ,DIF PLTCO517

204 FOBNAT(1X ,’COOPD ‘,12,1X ,4P10.3) P1.100518
• 202 CONTINUE P1.100519

GO TO 1 2LT00520
210 CONTINUE 51.100521

IF (N UM.LE.O) GO TO 999 PLT00522
DO 211 J=1 ,3 51.100523
RMIN 1•OE+20 P1.1005214
RMAX= —RMI N PL100525
DO 212 I=1 ,NOM 51.100526
IF(ICON(I).GT.49) GO TO 212 21.100527
R M I N AN I N 1  (R N I N ,P(J ,I)) 21.100528
RMAX =A MA X 1 (RMAX ,P(J,I ) )  PLT0052 9

-* 212 CO N T I N U E  PLT OO 53O
RNI (J) RMAX P1.100531

-: 5MM (3) =RMIN PLT00532
PT (J) (RMIY+RMAX)/2.O PLT00533
IF ( R D A R ( 2 )  • G T . O . 1 )  PT (J) = R M A I  PLT00534

* IF(RDAR (2).1.T.—0 •1) PT (J)=RNIN PLT00535
211 CONTIN UE PLT00536

DO 213 3=1 ,3 51.100537
IF (FMX (J)—RMN (J).LT.0.0001) GO TO 213 51.100538
IF(RMX (J)—RMN (3) .GT.1.OE+20) GO TO 213 PL100539

• R (1)=RNN(J) PLTOOS4O *

R(2)=(RMX (J)—RPIN(J))/5.0 21.100541
• R(3)=6.0 51.100542

R(4)=5.O PLTOOSA43
LAR J 51.100544
CALL A XE S (R ,PT,LAB ,1) PLTOO54S

213 CONTINUE 51.100546
GO TO 1 PLTOO547

999 CONTINUE 51.1005148
RETURN 5LT00549
END 21.100550
SUBR OUTINE AXES (R ,PT ,LAB,M ODE ,NCON) PLTO O551
COM MON /P LB AS 1/ 5(4 ,3001) ,ICON (3001) ,N U M ,NUNA X ,IPLTI 5LT00552

V DIMENSION R(1),T(102) 21.100553
DATA 91/100/ 51.100554

- I- - DIMENSION PT(3 )  2LT00555
DATA BIG/1.OE+20/ PLT00556

C—-— OBJECTIVE OF ROUTINE IS TO GENERATE AXIS DATA IN THE THREE 51.100557
C—-- DIMENSIONAL POINT DATA BASE 51.100558
C--— INPUT IS THRU CALLING ARGUMENTS AS FOLLOWS 2LT00559
C--— LAB SHOULD BE 1 2 OR 3 DENOTING I, I OR S AXIS INFORMATION PLTOO56O
C—-- IF MODE IS 1 THEN 5(1,2,3 AND 4) DENOTE RESPECTIVELY THE START , 21.100561
C--— INCREMENT ,NUMBEB OF INCREMENTS AND INCREMENT FOR NUMBERING 21.100562
C--- MO DE 2 MEANS THAT THE TICK DATA IS STORED IN THE A R R A Y  5 SO THAT PL100563
C——- R (1) IS THE NUMBER OF POINTS, 5(2) IS THE VALUE FOR THE FIRST , 2L1005614
C——— MARK, R ( 3 )  IS POSITIVE IF A N U M B E R  SHOULD BE PLOTTED , AND N EGA T I VE P LT OO 5 65
C——— OTHERWISE AID SO ON 51.100566

V 

- 
C—-- IN-THE CA SE OF EACH MODE, TICK DATA IS BUILT INTO THE LOCAL ARRAY 21.100567

V C—-— I AS A BUFFER , AND THEN T R A N S F E R R E D  TO THE PO INT A R R A Y  PLT00568
GO TO (10 ,20) ,MODE P1.100569

10 CONTINUE P1.100570

- 
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START R ( 1)  PLTO O 571
AIN C R(2) P1.100572
N0=R(3) P1.100573
IVINC R(4) P1.100574
IRR 1 51.100575
IP (NO.LE.O) GO TO 998 51.100576
I55 2 PLT00577
IF (NO .GT.NT/2) GO TO 998 PLT00578
T(1)2NO 5LT00579
SMIN BIG 51.100580
SM AX —B!G P1.100581
DO 11 I 1 ,N0 P1.100582
1(2*1) STAFT+ (I-1)tAINC P1.100583

• T(2*I+1)2—1 51.100584
SMIN AMIN1(T (2*I),SMIN) P1.100585
SMAX AMAX 1 (1(2*1) ,SMAI ) PLT00586

* 
IF(IVINC.LE.0) GO TO 10 PLT00587
I F ( N O D (I ,IVINC).EQ.1) 1(2*I+1) 1.O PLT00588

11 CONTINUE PLT00589
GO TO 100 PLT OO 59O

20 CONTINUE P1.100591
NO R ( 1 )  PLT00592
1F 5 3  PLT00593
IF(NO.LE.0) GO TO 998 PLT00594
152 4 PLT00595
IF(NO .GT.NT/2) GO 10 998 P1.100596
SMIN BIG 21.100597

V SM AX — BI G PLT 00598
DO 21 I= 1 ,NO P1.100599
1(2*1) =5 (2*1) PLTOO600
T~ 2*I4 1)2R (2*I41) 21.10060 1

• 21 CONTINUE PLTOO6O2
100 CONTINUE P1.100603

JTEN NUM PLTO O 6O4
DO 110 1 1,NO P1.100605

V 
- J TEM JTEM +1 PLT OO 6O6

DO 120 3=1 ,3 P1.100607
120 P(J,JTEM)=PT(J) PLTOO6O 8

P(4,JTEM)2LAB P1.100609
P (LAB ,JTEN)2T(2*I) P1.100610
IF (I.EQ.1) ICON (JTEM)2NCON*1O+1 P1.100611
IF(I.IZ.1) ICON (JTEM)=1 PL100612

110 CONTINUE P1.100613
NUM=NUM+NO PLTOO614
JTEM W UN 2LT00 615
DO 130 1=1 ,90 PLTO O6 16
IF (T(2*1+1).LT.O.O) GO TO 130 PLTOO617
NUM NUM+1 21.100618
JT E M JTEM +1 PLT OO 619
DO 140 3=1 ,3 21.100620

• 1440 P(J,JTEM)2PT(J) PLTOO 621
-~ P ( L A B ,JTEM)2T(2*I) PLT00622

ICO)t(JTEN)233. PL 100623
P(4,JT!M)2T(2*I) 21.100624

130 CONTINUE 21.100625
I’ - 999 IRPSO PLT00626

ii •

‘
~ RETURN P1.100627
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998 WRIT E (6 ,997) IR S PLT00628
997 FORMAT(/, ’ ERR OR IN AXES ROUTINE, IRR= ‘,16,/) 51.100629

RETURN 21.100630
END 51.100631
SUBROUTINE SSPLOT 51.100632
CONMON/PLBAS1/ P (L4,3001) ,ICON (3001) ,NUN ,N U M A X ,IPLTI PLT0063 3
CONMON/PLBAS2/ AP (16),AV( 76),CP(16),DAT (8) 51.100634
COMMON/PLBAS3/ WINXL,W I N Y L , W INXW ,W INYW ,IWIN PLTOO63S
COM M ON/PLBA S4/ SCPN XL ,SCBNYL ,SC R NX W ,SCBNYW ,SCRN Z W ,ISCRN P1.100636
COMMON/P1.BASS/ SIGNOF ,SNPL OT,IH P1.100637
COMMON/PLBAS6/DINAGE ,DORIG ,DOBX ,DOB Y PLT00638
COMMO N /PLBAS7 /R T ,ND E CFX ,XLATE ,YLATE 51.100639

C--- AP ,A V A R E  PROJECTIVE NON SINGULAR MA TRICES WHICH RECORD THE 21.100640
C—-— CURRENT POSITION OF THE POINT SET P1.T006141
C--— Ill THE HIDDEN LINE FLAG P1.100642
C--— ZVIEW IS DISTANCE OF VIEWERS EYE FROM PR OJECTION (IY) PLANE PLT0O6~4 3
C——— DAT CONTAINS THE COMMAND DATA FOR EXECUTING PIECES OP THIS POUTINEPLTOO6L44
C--— SIGNOR THE SIGN APPLIED TO THE SURFACE NORMALS PLTOO6’& S

- • C--  — P CONTAINS XYZ DATA OF POIN T S,VECTORS AND SYMBOL DATA IN 4TH PLC 51.100646
C—-- ICON CONTAINS TWO PACKED DIGITS AR WITH THE FOLLOWING MEANING 21.100647
C--— A=0, CO N T I N U E  PRESENT MODE OF PLOTTIN G, A= 1 STAFT CONNECTING POINTSPLTOO6448

-
V C--- B! STRAIGHT LINES, A 2  CON N E CT 215 BY DASHED LINES , A 4 PLOT POINTPLTOO6449

C-—— S ONLY , A 4 PLOT DA SH ED POINTS PLTO O 65O
C--— B=0 PLOT NO SYMBOL , B 1  PLOT CENTERED SYMBOL W HOSE VALUE IS P(4,) PL100651
C—-- PLOT LITERAL STRING IN FIELD P (44 ,) 2 3 PLOT N UMBER IN FIELD 2(~4,) PLT00652
C——— SET UP WINDO W PARAMETERS PLT00653

V DATA SMALL/1.OE— 10/,SNAL /1.OE—8/ PL10065Z4
DIMEN SION AID(16),TP(16),B P ( 1 6) PLT00655
DIMEN SION RWID (3) ,RCEN (3) ,RMIN (3) ,RMAX (3) 51.100656
DIMEN SION PP(3),VV(3) 21.100657
D A T A  A ID/ 1.O ,4 *O •O ,1.0 ,4 *G.O , t . O , 44 *Q. O , 1.O/ PLT00 658
IT DAT (1) PLT00659
GO TO (1O ,20 ,30,40,50,60,7O,80,90,100 ,11O ,120,130 ,140,150),IT PLTOO6 6O

C—-— 11=1 INITIALIZE KEY VARIABLES WITH DEFAULT VALUES P1.100661
10 SIGNOR 1.O 51.100662

• NUM O 21.100663
IPRIN O P1.100664
HT=O.07 PLT00665
SWIDTR= 8.25 P1.100666
SHEIGT 6•5 5LT00667
ISCRN — 1 21.100668
14119=—i 21.100669
SCRN XL 0 .0 51.100670
SCRNYL O.0 PLTOO671
SCR N X W 8.5 PLT00672
SCIFN YV=6.25  21.100673

V SCRWZW=SCRNXW 51.100674
SXUNIT21O2L4. PL100675
SYUNIT=760.O PLT00676
1 H 0  PLT00677
ZVIEW O.O P1.100678
N ER AS E O PLT00679
N DECFX —1 21.100680

t - XLA T E 2— 1.1  21.100681
YLAT E -1 .1 PL100682

U IF(IPLTX.GT.O)GO TO 12 21.100683
* CALL PLOTS (0,0,8) PL100684
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IPLTX 1 PLTOO6R5
12 DO 11 1=1 ,16 PLT00686

B P ( I )  A I D ( I )  P1.100687
AS (I) =AIU (I) P1.100688

11 AV (I) AID (I) 51.100689
BP (11)-0.0 PLTOO 69O

C— - - REPLACE INCREMENTAL VALUES WITH ABSOLUTE VALUES PLTOO691
NUMAX=3000 PLT00692
DO 13 L=1 ,N U M A X  PLT00693
DO 14 K 1 ,4 21.100694

14 P ( K ,L)=0.O 51.100695
ICON (L) 0 PLT00 696

13 CONTINUE P1.100697
DOBX O.0 PLTOO 69R
DOBY=O.0 PLT00699

- - GO TO 999 21.100700
C-—— 20,30 AND 40 ARE ROTATION COMMANDS P1.100701

— C-— - 1T2 XYROT OF ROLL P1.100702
- : 

- 20 DAT(1)=1.O 21.100703
— CALL PER SPT (DA T ,TP) 51.100704

CALL M M UL T ( A P ,TP ,CP,1) PLTOO7O5
CALL MM ULT (AV ,TP ,CP ,1) PLT OO7O6

- * GO TO 999 21.100707
V C—-— IT=3 Y ZR OT OP PITCH PLT O O7O8

V 
30 DAT(1)=2.O PLTOO7O9

CALL PERSPT (DAT ,TP) 51.100710
CALL MM ULT (AP ,TP ,CP,1) 21.100711
CALL NM ULT (A V ,TP ,CP,1) P1.100712
GO TO 999 51.100713

C——- 11=4 ZXROT OR YAW P1.1007114
4C D A T ( 1 ) 3 PLT0O 7 1~

CALL P E R S P T ( D A T ,TP) P1.1007 16
CALL LI MUL T ( A P ,TP ,CP,1) P1.100717
CALL MM ULT (AV ,TP ,CP,i) P1.100718
GO TO 999 P1.100719

C——- 1T5 SCALE PLTOO72O
50 D A T ( i ) 4 51.100721

CALL PER SPT (D AT ,TP) 21.100722
CALL M MULT (AP ,TP ,CP,1) PLT00723
GO TO 999 PLT0O72~

C——- 11=6 TRANSLATION 21.100725
• 60 DAT (1)=5 P1.100726

CALL P E R S P T ( D A T ,TP) 51.100727
CALL M M ULT (AP ,TP ,CP,1) P1.100728
GO TO 999 PLT00729

C—-- 11=7 SETUP PROJECTION ONTO XYPLAII FROM VIEWERS POSITION PLTOO73O
70 DAT (1)=6 51.100731

ZV IE W D A T ( 2 )  PLT007 32
DIMA GE DAT(2) P1.100733
D OP IG = DA T (3) PLT00734
DOBX DAT (44 ) PLT00735
DOBY DA T (5) PL100736
CALL PERSPT (DAT ,BP) PLT007 37
GO 10 999 51.100738

C—— - REIDENTIFY THE TRANSFORMATION MATRICES PLT00739
80 DO 81 1=1 ,16 PLTOO74O

A P ( I ) A I D ( I )  PLTOO741
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81 A V ( I ) = A I D ( I )  PLT00742
GO TO 999 21.100743

C--- SETUP THE HIDDEN LINE FLAG PLT00744
90 I H = D A T ( 2 )  PL 100745

GO TO 999 PLT00746
100 SIGNOR DAT(2) PLTOO7’47

GO TO 999 PLT00748
110 C O N T I N U E  PLT00749

IWIN=-1 PL100750
IF (DAT (2)**2+DAT (3)**2+DAT (4)**2+DAT(5)**2.LT.SMAL) GO 10 999 PLTOO7S1
IWIN 1 P1.100752
WINIL=DAT (2) 2L100753
W I N Y L = D A T (3) P1.100754
4IINIW=DAT (44) PL100755
WINYW=DAT(5) 21.100756
GO TO 999 PLT00757

V 
C-- - SCREEN P A R A M E T E R S  INTRODUCED - P1.100758

* 120 CONTINUE P1.100759
ISCRN=—ISCRN 21.100760

— 
IF (DAT(2)**2+DAT (3)**2+DAT (4)**2+DAT (5)**2.LT.SMAL) GO TO 999 2L100761
SCRNXL:DAT(2) PL100762
SCR N Y L DAT(3)  

V 
P1.100763

SCRNXW DAT (44) 21.1007614
SCB N Y W DAT(5)  PLT00765
SCRNZW=DAT (6) P1.100766
ISCRN=1 PLT00767
GO TO 999 PLT00768

C—-- BOX COMMAND , SCALE THE OBJECT TO PILL THE SCREEN PL 100769
130 CONTINUE 21.100770

V I F ( I SCB N . LT . 0 )  GO TO 999 PL10077 1
PROA DAT(2) PLT00772
PBOB=DAT (3) PL100773
PROC DAT (4) PLT0077~

C - — -  D E T E R M I N E  THE ITS EXTENT OF THE T R A N S F O R M E D  OBJECT PL100775
V DO 131 L 1 ,3 PLTOC77 6

RMIN(L)=1.OE+20 PLT00777
131 RMAI (L) —1.OE+20 PLT00778

I 0  PL 100779 V

V 137 1 1+1 PLTOO78O
I F ( I . G T . N U M )  GO 10 138 PLT00781

- . CALL DE COD(PP ,VY ,AA, JCON ,ISTM,IVEC,I) PLT00782
IF(IVEC.EQ.999) GO TO 137 - PLT00783

• IF(I.LT O) GO TO 999’ PLT00784
WW=PP(1)*AP(13)+PP (2)*AP(114)+PP(3)*AP(15) +AP (16)+SMALL PLT00785
DO 132 L i ,3 PLT00786
L4 L*4 PLT00787
55P (PP (1)*AP (L’&—3) +22(2) *AP(Ll4—2) +PP (3)*Ap (1.4—1) +AP (L4) ) /1111 21.100788
RMIN (L) AMIN1(PPP,RMIN (L)) P1.T00789
R M A X ( L ) AM A I1 (PPP ,RMAX (L)) PLTOO79O

— 132 CONTINUE 51.100791
GO TO 137 PLT00792

138 CONTIN U E PLT00793
DO 133 L 1 ,3 PLT00794
SCEN (1.) (RMIN (L) +RMAX (1.)) /2.0 PLTOO795
RWID (L)=RMAX (L)—PMIN (L)+SMALL PL100796
D A T ( L + 1 ) — R C Z N ( L )  51.100797

133 C O N T I N U E  PLT00798
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C—-— CENT ER ISE  THE OBJECT AROUND THE ORIGIN 51.100799
D A T ( 1 ) 5 P1.100800
CALL PERSPT (DAT ,TP) PLTOO 8O1
CALL MM UL T ( A P ,TP,CP ,1) PLT OO8O2

C—-— SCALE THE OBJECT INTO THE SCREEN AREA OR WINDOW A R E A  IF RE QUESTED PL100803
IF (ISCRN.LE.0) GO TO 999 21.100804

• A 1.OE+2 0 21.100805
Sx=sCRNXW/RWID (1)*PFOA PLTOO 8O6
IP (PFOB.GT.O.0) GO TO 135 PLTOO8O7
A S CRNYW/RWID(2)*PFOA P1.100808
SX AMI N1 (SX ,A) 51.100809
DAT (2) =SX PLTOO81O
D A T ( 3 ) SX PLTO O 811 V

DAT (L&) SX PLTOO 812
GO TO 136 PLTOO813

- 
- 135 CONTINUE PLT00814

S!=SCRNYW/RWID (2)*PROB PL100815
DAT (2) S1 - 21.100816
DAT (3) SY PLTOO8 17
DAT (14) 1.0 21.100818
IF(PROC.GT.O.O) DAT(4)=SCRNZW/RVID(3)*PROC 51.100819

* 
136 CONTINUE 51.100820

DAT(1)= 1$ 51.100821
f. CALL PERSP T (DAT ,TP) P 1.100822

CALL M M U L T ( A P ,TP ,CP ,1) - PLT00823
CALL M M U L T (A V ,TP ,CP ,1) P1.100824 V

- 
- IP(IWIN.LE.0) GO TO 999 PLT00825

V C——— APS LY A FURTHER TRANSLATION AND SCALE IF WINDOW IS IN EFFECT 51.100826
DAT(1) 5. PL100827
DAT (2) =— (WINXL+WINXV/2.0) 51.100828
DAT (3) =— (WINYL+WINYW/2 .O) PLT00829 —

DAT (14) 0.O PLTOO83O
CALL PERSPT (DAT ,TP) PLTOOB31
CALL MM ULT (AP ,TP,CP,1) 21.100832
DAT (2) =SCRNXW/WINXW PLT00833
DAT(3) SCRNYW/WINYW P1.100834
DAT (2) = A M I N 1  (DAT (2)  ,DAT (3) ) 51.100835
DAT(3) D A T ( 2 )  P1.T00836
DA T (4) DA T (2)  5LT0O 837
D A T ( 4 )  =1 .0 PLT00838
DAT (1) 4 . O  PLT00839

F CALL PER SPT (DAT ,TP) PLTOOS4O

• CALL M M U L T (AP ,TP ,CP ,1) 2LT00841 
V

CALL MM ULT (AV ,TP,CP,1) PLT00 842
WINXW=SCRNXW PL100843
WINYW=SCRNYW 21.100844
WINXL SCRNXL 21.100845
WINYL=SCRNYL PLT00846
GO TO 999 PLT0O8~87 V

C-—- APPLY A STRAIGHT FACTOR TO ALL SUBSEQUENT 21.15 PLT00848
140 CONTIN UE PL 1008149

IF(DAT(2) .LE.SMAL) GO TO 999 21.100850
CALL FA CTOR (DAT(2) ) PL100851
GO TO 999 PL100852

- p. -
~~ C—-- MAIN PLOT PROCESSING IS HERE 21.100853

- 
~ 

150 CONTINUE 21.100854
- - IF (DAT (t$) .LT.0.0) CALL P L O T ( 0 . , O . , —3) PLTOOS55
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IF (DAT (4) .LT. 0.0) CALL PLOT (DAT (2) .DAT (3) .999) 21.100856
IF(DAT (4).L1.0.O) GO TO 999 P1.100857
CALL P L O T ( D A T ( 2 )  ,DAT(3)  ,—3) 51.100858

151 CONTINUE PLT00859
CALL NNU LT (AP.BP,CP,3) PLTOO86G

C——- SETUP THE WINDOW ,SCREEN AND PLOT BOUNDARIES P1.100861
IF(IWIN .LE.0.AND.ISCRN.LE.0) GO TO 154 PLT00862
IP (ISCRN.GT.O) GO TO 153 PL100863
IV(IWIN.LE.O) GO TO 154 51.1008614

V XL=WINXL PLT00865
YL W I NYL PLT00 866

V X W W I N X W  PLT00867
!W=WINYW P1.100868
GO TO 152 21.100869

• 153 ZL=SCRNXL PLT00870
• YL SCRN !L PLTOO871

X W = S C R N X W  P1.100872
YW SCRNY W PLT00873

- 

V 

• 152 CONTINUE PL100874
IP (DAT (2)**2+DAT (3)**2.G1.SMAL) CALL PLOT (XL+XW/2.O ,YL+YW/2.0,3) PLT00875
CALL PLOT (IL,YL,3) 21.100876
CALL PLOT( X L+1W ,YL ,2) PL100877
CALL PLOT (IL +XW ,YL+YW ,2) PL100878
CALL PLOT (ZL,YL+ff,2) PLT00879
CALL PLOT( X L ,YL .2) PLT OO 88O

154 CONTINUE P1.100881
4 M OVNO WZ O P1.100882

IF (ISCRN.GT.O.OR.1W1 14.GT.0) CALL WINDOW (IL,YL ,XW ,YW .M OVNOW ) PLT00883
XLAS=O.0 21.100884
YLA S~ O. O PLTO OS85
IPERM=0 PL100886
NP LT O PLT00887
1=0 21.100888

301 I 1+1 PL100889
IP(I.GT.NUM) GO TO 302 V 21.100890

C—-- MAIN PLOTTING LOOP PLTOO89 1
I1 ILAS 21.100892

• - Y1 !LAS PLT00893
C--— DECODE THE NECESSARY POINT AND A U X I L I A R Y  DATA P1.1008944

I A I  P1.100895
CALL DECOD(P P ,VV , AA ,J CON,I SYM ,I-VEC ,IA) . PLT00896
IP( IVE C .EQ. 999)  GO 10 301 21.100897

I f  IF(IA.LE.0) GO TO 300 PLT00898

t I I A  PLT00899
IF (J CON *(5— J CO I ) .NE .O)  IPERM JCON 2L100900

• 
V IF ( IP ERM . !Q.O)  GO 10 300 PLTOO9O I

WN O W = P P ( 1) *C P ( 1 3 ) + P P ( 2 ) *C P ( 1 4 ) + P P (3) *CP ( 15) +CP( 16)+SM AL L PLT OO9O2
XNOW (PP (1) *CP (1) +PP(2)*CP(2) +22(3) *CP (3) -+CP (14)) /1190W PLTOO9C3
YNOW (22( 1) *CP (5)+PP (2) *CP (6) +22( 3)  *Cp (7) +CP(8))/WWOV PLTOO9O4
12=190W PLTOO9OS
12=1909 V P1.100906
MOVN OW z2 21.100907

I :-1 X F ( I W I $ . L T . 0)  GO TO 310 PL100908
-• C--- MAKE THE REQUIRED WINDOW CHECK 51.100909

M OVN OW I 21.100910
CALL WINDOW (I1 ,Y1 ,12 ,Y2 ,M O VN OW) PLTOO9 11

310 CONTINUE 51.100912
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IP(MOVNOW.LT.O) GO TO 600 P1.100913
IP’(IH.E Q.O.OR.IVEC.LT.l) GO TO 320 PLTOO9I6

C--- MAKE THE HIDDEN LINE/SURFACE NORMAL CHECK 21.100915
VI$OW *VV (1) *AV (1) +VY (2 ) 5k V  (2) +VV (3 ) *AV (3) 21.100916
VYI OW VV (1) *AV (5)  +VV (2 ) 5k V (6) +11(3)511(7) PLTO O9 17
VZPO V VV (1) *AV (9) +11 (2) ’AT (10) +11 (3) *AV (11) 21.100918
PIWO W *P P ( 1) *AP (1) +22 (2) *AP (2) +22 (3)512 (3) +A P ( 4 )  PL100919
PYW OW Z PP ( 1)*AP (5) +PP (2) SAP (6) +PP (3) *AP ( 7 ) + A P  (8) P 1.100920
PZ IOW PP ( 1 ) *A P ( 9 )  + P P ( 2 ) *A P  (10) +25 (3)~~12 (11) +A P ( 1 2 )  21.100921

-• 
IF(ABS (BP(15fl.LT.O.0001) GO 10 330 PL 100922

I Z V I E W *— B P ( 16 ) / B P ( 1 5)  2L100923
D ( P X N O W — D O B I ) *V X N O W +  (PY N O W —DO B Y) *V Y I O W + ( P Z N O W — Z V I E W ) *V Z N O W  PL100924
D=D*SIGNOR PLT00925
IHCUPZO 21.100926
PRINT 311 PLT00927

311 F O R N A T ( ’  PXNO W ,P TNOW ,PZNOW ,V INOW .VY IIOW ,V ZNOW ,DOBI ,DO BY ,ZV I E W ,D ’) PLT00928
WPI TE (6 ,312) I , P 1.100929
I P XN O W ,P!N OW ,PZN 0W ,VXN OW , V Y NOW ,V ZN OW ,DOBX ,D OBY ,Z VI E W ,D P1.100930

3 12 FOFII AT (1I,14,3(3(1I,F9.3)),21,F9.3) 21.100931
IP(D.GT.0.O) IHCU B 1  P1.100932
GO TO ~~o 51.100933

330 IHCUP=0 PLT00934
D VZNOW*SIG$OR PLTOO93S
IF (D . L T . O . 0 )  XH CU R 1 PLT00936

340 CONTINUE PLT00937
320 CONTINUE 51.100938

I P E R M N  IPER M 21.100939
• IF(IH.EQ.O.OR.IVEC.LT.1) GO TO 350 51.100940

IF (IHCOR.EQ.O) GO 10 350 PL1009’41
IF(IH.EQ.2) GO TO 360 PL100942

C——- TOTALLY HIDDEN LINE PLT00943
IPERMN=O PLTOO 9U4
GO TO 350 PLT00 94 5

36C CONTINUE PLTOO946
IF(IPERM .EQ.1) IPERMN =2 51.100947

V IF (IPERM.EQ.2) IPEFMN =4 P1.100948
350 CONTINUE P1.100949

— IF(IPERMN .EQ.0) GO TO 600 PLTOO9SO
V IP ((IPERMN-2)*(IPERIIN—4) .EQ.0.AND.JCON.EQ.0) GO TO 370 PL1009~ 1

ND A SH 1 PLT00952
U X = X 2 — Z 1  51.100953
11Y 12—Y 1 51.100954
GO TO 380 P1.100955

V 370 CONTINUE 21.100956
D=SQBT((12_Xi)**2+ (Y2—Y1)**2) PLT00957
NDASH D/O.25 51.100958
ND A S H = M A X O (3 ,WDAS H ) PLT00959
D 1 D /NDASH 51.100960
U1 ( 12 — I 1 ) / (D + S M A L L ) *D 1  - 51.100961
UT= ( !2 —!1 ) / (D +SMALL ) *D 1 P 1.100962

C——— POSITION POINT AT START OF SEGMENT 51.100963
IF(MOVNOW.E Q.3.OR.MOVNOW .EQ.5) CALL PLOT(I1,Y1 ,3) 21.100964
I P ( M O V N O W . E Q . 3 . O B . M O V N O W . E Q . 5 )  NPLT NPLT+ 1 P1.100965

380 CONTINUE P1.100966
I - - • I F ( I P E R M N  .GT.2)  GO TO 420 PLT00967

MODO -1 51.100968
• DO 410 J 1 ,NDA SH 2LT00 969
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11 11+UX*J 51.100970
TT=Y1+UY*J 51.100971
MODO -MODO P1.100972
IPL -T=2 P1.100973
IF ( M O D O .L T . 0 )  IPLT 3 PLT00974
IP (J C O N .N E . 0 )  IPLT 3 21.100975
NPLT NPLT+1 21.100976
CALL PLOT (IX ,YT,IPLT) PL100977

410 CON T I N U E  PLT OOS78
GO 10 500 PLT00979

420 DO ~$30 3 1 ,NDASH P1.100980
XI X 1+UI *J - 51.100981
YY Yi + UY*J  PL 100982
CALL PLOT (XI ,TY ,3) PLT009 83
CALL P LO T (X X ,YY ,2) 21.100984
NPLT =N PLT + 1 PLTOO 98S

430 CONTINUE 51.100986
V GO TO 500 21.100987

500 CONTINUE 51.100988
IF(MOVNOW.EQ.4 .OR.MOVNOW .EQ.5) GO TO 590 P1.100989
IP (ISYM.EQ.O) GO TO 590 21.100990
GO TO (510,520 ,530) ,ISYM P1.100991 V

510 CONTINUE PLT00992 V

INT AA PL 100993
CALL SYMB OL (12 ,T2 , HT ,INT ,0.0 ,—2) PLT00994

V GO TO 590 PLT00995
520 CONTINUE PLT00996

V 
N C N A R = 4 .O  PL 100997
ILEFT Z ( ILA TE— 1 .0 ) *O.5 *NC H A R *HT 51.100998 V

YLEFT (YLATE— 1 .0) *0. 5*NCNAR *HT PLT00999
CALL SYM BOL ( 12+ILEFT ,Y2+ Y LEF T ,HT,A A ,O . O ,14) PLT O 1000
GO TO 590 PLTOIOO1

530 CONTINUE PLTO1002
SZ=2 PLT0 IOO3
S1 AB S (Al) PLTO1 004
IF ( S 1 . GT . SM A L )  SZ ALOG1 O(S1) P1.101005
IF(S1-.LT.O.0001) GO 10 591 21.101006
SZ ALOG1O (S1) P1.101007
I P ( S Z . G E . O . O )  NDE C 1 PLTO 100 8
I F ( S Z . LT . 0 . 0)  NN SZ 21.101009
IF(SZ.LT.0.0) NDEC NN+2 - 

- PL TO1O1O
IF(NDECFX.GE.0) NDEC NDECFX PLTO1O11
IF ( S Z . G E .0 . 0 )  N SIG *SZ+ 1.O+2 .O PLTO1 O 12
IF(SZ.LT.0.0) NSIG NDEC+2 .O P1.101013
GO TO 592 PLTO1O14

V 
591 CONTINUE P1.101015

N SIGZ 3 PLTOIO1 6
NDFC 1 PLTO1O17

592 CO N T I N U E  PLT01O 18
I?(A 1.L 1.O .O)  NSIG N SIG + 1 21.101019
ILEFT H T * N SI G * ( Z L A T E — 1. O ) *O . 5  PLT O1O2O
YLEFTZHT*NSIG* (TLA”L -l  .0)*0 .5  21.101021

V I  CALL N U M B E R ( 12 + X L E F T ,Y2 +Y L EP T, H T .A A , 0.0 ,NDE C) PLT O1O22
r~ :.  590 CONTINUE PL 101023

XLAS XN O V PLT OIO24
- !  T LAS YNO W PLTO I 025

GO TO 3-D O 51.101026

- 
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600 CONTINUE 51.101027
300 CONTI N UE PLT O 1O28

GO 10 301 51.101029
3C2 CONTINUE PLTO1O3O

WFI TE (6,390) NPLT PLTO 1O3 1
390 F OR N A 1 (6X,’PLOT COMPLETED, TOTAL POINTS PLOTTED= ‘,16) 51.101032

GO 10 999 PLT01033
999 RETURN PL10103’4

END PLTO1O 35
SUEROUTINE WINDOW(XA ,YA,XB ,YB ,MOD) P1.101036

C—- - ROUTINE TO EXAMINE THE CURRENT SEGMENT RELATIVE TO THE CURRENT 51.101037
C——— WINDOW PLTO1O38
C——— INPUT IF MOD IS 0 THEN XA ,YA ARE LOWER LEFT CORNE R OF NEW WIND OW PL1010 39
C——— AND lB AND YB ARE THE WIDTH AND HEIGHT OF THE WINDOW PLTO 1040
C——— OTHER PARAMETERS APE ALSO INITIALIZED IN THIS CASE PLTO1O41
C——— THE RETURN VALUE OF MOD IS — 1 P1.101042 —

C——— IF MOD IS 1 THEN XA ,YA AND XB ,YB R E P R E S E N T  END PO INT S O F A LINE PLTO 1O 43
C——- SEGMENT WHICH SHOULD BE WINDOWED. IF MOD=- 1 ON RETURN THE SEGMENT P1.101044
C-—- DOES NOT INTERSECT THE WINDOW , IF MOD=2 THE INTERSECTION OCCURS PLTO1O45
C——- AND THE FIRST POINT DOES NOT CHANGE , WHILE IF M0D3 THE FIRST P PLTO1O46
C--- HAS CHAN GED. IA ,YA ,I8,YB MAY BE MODIFIED ON OUTPUT TO HOLD 21.101047
C——- CHANGED VALUES OF THE END POINTS 21.101048
C——— IF MOD IS LESS THAN —1 , AN ERR OR HAS OCCURRED P1.101049

DIMENSION PX(2),PY(2),PD(5), X (5),Y(5),IN D (2 ,2) PLTO 1O5O
DATA IND/1,2,4,3/ 21.101051

V DATA SMAL/1.OE—20/ PL101052
LOGICAL AIN ,BIN 51.101053
BET (A ,B,C) = (B—A) * (C—B) PLTO1O 54
IF (M OD ) 2 0,10,20 P1.101055 —

C—-- — INITIALIZATION OF WINDOW PARAMETERS P1.101056
10 CON TINUE P LT O1OS 7

IL IA PLTO1 O58
YL YA PL TO1OS9
IW IB 51.101060
Y41 T8 V PLTO1O61
XU XL+XW P1.101062
YU YL +YW PLT O1O 63 =

• X(1) XL P1.101064
I ( 2 ) XL+X W PLTO 1O65
X(3)=X (2) PLTO1O66
XQi) XL PLTO 1O67
X ( 5 ) XL PLT O 1O68
Y ( 1 ) = Y L  51.101069
Y (2) TL P 1.101070

V 
V Y ( 3 ) T L+ T W PLT O1O7 1

V Y ( 4 ) = Y (3) 51.101072
Y (5) YL 21.101073
fiX 41 141/2 .O - P1.101074

• H Y W Y W / 2 . 0  - P1.101075
IC X L + H X W  PLT O1O 76
YC TL+HTW 21.101077
DC H X W *H X V + H Y W * H Y W  P1.101 078
MODZ— 1 PLT01O7~

4 GO 10 999 51.101080
-
~~ C—-- BEGIN WINDOW CUTTING ACTION ON SEGMENT P1.101081

20 CONTINUE • PLTO1O82 V

AX = B ET (X1.,XA ,XU) P1.101083
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AT BET (!L ,YA ,Y U) PLT O 1O84
A IN .T R U E .  PLT O1O85
IF(AX.LT.0.O.OR.AY.LT.O.0) AIN .FALSE. 21.101086
BI BET (XL ,XB ,XU) 51.101087
BY BET (YL ,YB ,YU ) PLTo 1oe8
BIN= .TRUE. 51.101089
IF (BX.LT.0.0.OR.BY.LT.O.O) 81N .PALSE. PLTO1O9O
IP (AIN.AND.BIN) GO TO 100 51.101091
IF (AIN.OR.BIN) GO TO 200 PLTO1O92
GO TO 300 PLTO1O93

C——- BOTH INSIDE 51.101094
100 CONTINUE 51.101095

M0D 2 21.101 096
GO 10 999 PLTO1O97

C——— ONE INSIDE/ ONE OUTSIDE PLTO1O98
200 CONTINUE PLT O 1O99

IF (AIN) GO TO 210 51.101100
XX XA 51.101101
YY YA P1.101102
GO TO 220 PLTO11O3

2 10 XX XB PL TO11 O 4
YY YB 21.101105

220 CO N T I N U E  PLTO11O 6
C--— CHOOSE THE MAIN CORNER REFERENCE POINT PLTO11O7

SX XX XC 
- 51.101108

V ST !Y YC PLT O 11O9
I2  51.101110
J=2 PLTO 1111
IF ( S X . L T . 0 . 0 )  I 1  P1.101112
IF ( S Y . L T . O .0 )  J=1 P1.101113
IS IND (I ,J) P1.101114

C--- SET UP THE EQN OF THE LINE SEGMENT P1.101115
A YB—YA 51.101116
B ZA—X B PLTO1117
C XB*YA_XA *Y8 PLTOI1I8
ISA IS— 1 P1.101119
IF (ISA.LT.1 ) 1SA 4 51.101120
D1 A*X (IS)+B*Y (IS)+C PLTO1121
D2~ A*X (ISA)+B*Y (ISA)+C 21.101122
IF(D1*D2.GT.O.O) LSAZIS+ 1 PLTO1123
IF (ISA.GT 4) ISA 1 P1.101124
ICUN=ISA+IS 21.101125
IF(ICUM .NE.5) GO TO 240 PL101126
XI X (IS) P1.101127

V TY -(C+A*X(ISfl/(R+SMAL) PLTO112R
GO TO 250 PLTOI129

240 IXr— (C.B*Y(IS))/(A+SM11.) PL101130
TY T(IS) PLTOI131

250 CONTINUE PL101132
IF (A IW) GO TO 260 21.101133

-
: 11=11 P1.101134

YA YY - 21.101135
V M0D 3 51.101136

GO TO 999 PL101137
260 CONTINUE PL101138

XB = XX PL101139
YB=!Y 51.101140

1~ 2
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MOD 4 P1.101141
GO TO 999 PLTO 1 142

C--- THE CASE OF TWO POINTS OUTSIDE THE WINDOW P1.101143
300 CONTINUE 51.101144

IF (XA—IL.LT.O.0 .AND.XB—XL.LT.0.0) GO TO 390 P1.101145
IF (XA—XU.GT.0.0.AND.XB—XU.GT.O.0) GO TO 390 PLTO1146
IF(!A—YL.LT.C.0.AND.YB—YL.LT.0.0) GO TO 390 PLTO1147
IF(YA—YU .GT.0.0.AND.YB—YU .GT.0 .O) GO 10 390 21.101148
A= !B—YA PLTO1149
B=XA—XB PLTO11SO
C 18*YA—XA*YB PLTO1151
ICUM=0 PLTO1152
P D(1 ) A *X ( 1 ) + B * Y ( 1) + C  PLTO 1153
DO 310 1=2 ,5 P1.101154
PD(I) A*X (I) +B~~ (I) +C PLTO1 155
IF(PD (I)*PD (I— 1) .1.1.0.0) ICUM ICUM+1 P1.101156

310 CONTINUE PLTO11S7
IP (ICUM.EQ.0) GO TO 390 P1.101158

- - NUM O 21.101159
DO 340 1 1 ,4 P1.101160
IF (PD (I)*PD (I+1) .GT O.0) GO 10 3(40 P1.101161

V NUN NUM+1 51.101162
IF(NUM.GT .2) GO TO 3140 PLTO1163
ICUM=I+I+1 PL10116L4
IF(ICUM .EQ.3.OP.ICUN .EQ.7) GO TO 350 5LT01165
p Y (NUM)=— (C+A*X(I))/ (B+SMAL) 51.101166
P X ( N U M ) 1(I) PLT O 11€ 7
GO TO 340 P1.101168

350 PX (NUM) _ (C+B*Y (I))/(A+SMAL) PLTO1169
PY (NUM) Y ( I )  / PLTO1 17O

3(40 CONTINUE P1.101171
IF(NUM.LT.2) GO TO 998 PLTO1172
D 1= ( P I ( 1) — X A ) * *2 + ( P Y ( 1) — Y A ) * * 2  PLT O11 73
D2= (PX ( 2 ) — X A ) * *2 +  ( P Y ( 2 ) _ Y A ) * * 2  21.101174
NUM1= 1 51.101175
IF (D2.LT.D1) NUM1=2 PLTO1176
XA PX (N tJM 1)  P 1.101177
YA PY ( N U M 1 )  PLT O 1178

V N U M 2 = 2  51.101179
IF (NUM 1.EQ.2) NUPI2 1 PLTO118O
XB PX(9U 112) - 21.101 181
YB PY (NUM2) PLTo lle2
M0D 5 P1.101183
GO TO 999 PLTO1184

390 CONTINUE PLTO1185
MOD — 1 PLTO11S6

999 CONTINUE PLT O11 87
R E T U R N  PLT O11 8B

998 MOD=—2 - P1.101189
GO TO 999 PLTO11 9O
END 21.101191

•1 SUBROUTINE DECOD(PP,VV ,AA ,JCON ,ISYM ,IVEC ,I) P1.101192
CO M M ON/PLBAS1/ 2(4,3001) ,ICON (3001) ,N (JM,NUMAX ,IPLTX PLTO 119 3
COMMON/PLBAS2/ AP(16),AV (16),CP(16),DAT(8) P1.10115(4
COMMON/PLBA S3/ $INXL,WIN YL ,WINXW ,WI NYW ,IWIN PLT O 1195

V COMMO N / PLBAS4 / .SCRWIL ,SCRN YL ,SCRNIW ,SCRNY W ,I SCRN P1.101196
COMM ON/ PLBAS S/ sI GNO R, SNPLOT ,IU P1.101197
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COMM ON/PLBAS7/HT ,NDECFX ,X LATE ,YLATE 51.101198
DIMEN SION PP(3),VV (3) PL101199
IVEC=0 - PLTOI200
IF(I.GE.NUMAX) GO TO 999 21.101201
IF(I.GT.NUM) GO TO 999 PLTO12O2
DO 10 L 1 ,3 PLTO 12 O3

10 PP (L) P ( L ,I) P1.101204
AA P ( 4,I) P1.101205
JCON ICON (I)/1O PLTC12O6

S ISYM ICON (I)—10*JCON P1.101207
IF (JCON.GE.5) GO 10 997 P1.101208
IF(ISYM .GT.3) GO 10 999 PLT01209
INEX ICON (1+1 ) /10 PLTO 12 1O
IVEC O 51.101211
IF(INEX .NE.5) GO 10 998 21.101212
1=1+1 5LT01213
DO 20 L 1 ,3 PLTO121L4

20 YV (L) =P(L,I) 21.101215
IVEC 1 PL1012 16

998 CONTINUE 51.101217
- - RETURN 51.101218

999 CONTINUE PLTO1219
1=— i - PLTO122O
RETURN P1.101221

997 CONTINUE 21.101222
V 1VEC 999 21.101223

IF(JCON.NE.7) RETURN 21.101224
IF (ISYM.EQ.1) HT P(4,I) 2LTO1225
IF (ISYM.EQ.2) NDECFX P(4,I) 5LT0 122 6
IF (ISYM.EQ.3) XLATE=P (4,I) PL 10 1227

V IF(ISYM.EQ.4) YLATE P (4,I) PLT 0 122 8
RET URN PLT 0 1229
END PL10 1230
SUBROUTINE MNU LT (A ,B,C,M) 21.101231

C- — -  CONSTRUCT C 1*B AND STORE THE RESULT IN A OR B PLT01232
DIMENSION A (16),B(16),C(16) 21.101233
DI M ENSION I T E M P ( 4 )  PLTO 123I&
DATA ITE MP/1,5,9,13/ 51.101235
DO 10 IR OW 1,4 PLT01236

V DO 10 ICOL 1,4 21.101237
KK ITEMP (ICOL) PLT0 1238
5U11 0.0 P1.101239
DO 11 K 1 ,4 PL 101240
SUM=SUMtA (IROW +K*4—4)*B (KK+K—1) P1.1012141

1 1 CON T I N U E  PLT0 12 42
C (4*ICOL—4+IROW) SUM - P1.101243

10 CONTINUE PLT012414
IDEBU G O  PLTO1245
IF(IDEBUG.EQ.0) GO TO 20 P1.101246
W R I T E  (6,50) P1.1012147

• SC FORMAT (/f) P1.101248
DO 30 1=1 ,4 PLT01249
ILI +12 PLTO12SO
W R I T E ( 6 ,($O) (A (L),L I ,IL ,4),(B(L) ,LzI,IL,4),(C(L),L 1 ,IL,4) PLTO1251

I - 40 FORMAT (’ MMULT ’,4 ( 1 X ,F8.3),3X ,4(1X ,P8.3),3X ,4(1X,F8.3)~ PLTO12S2
30 cONTINUE PL101253
20 CONTINUE 21.1012514
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IF (M.E Q.3) RETURN PLTO12S5
DO 12 1=1 ,16 21.101256
IF (M.EQ.1) A (I)=C (I) 5LT01257
IF(M.EQ.2) b (I)=C(I) 51.101258

12 CONTINUE 21.101259
RET UR N PLTO 1 26O
END 51.101261
SUBROUTINE PERSPT (DAT,B) P1.101262

C——— GENERATE A PROJECTIVE MATRIX B F8ON A SIMPLE COMMAND DAT PLT01263
DIMENSION DAT(1) ,B (1) ,AID(16) PLT01264
DATA AID/1.0,Le*0.O,1 .0,4*0.0,1.0,4*0.0,1.0/ P1.101265
DATA CDR/O.01745329251994/ PLT01266

C-—— DAT (1) CONTAINS THE COMMAND FLAG =1=XYROT , 2=YZR OT, PLT O1 2 67
C-—- 3=ZXROT, L4=VABIABLE SCALE , 5=TRAN S, 6=CENTER P1.101268

DO 10 1=1 ,16 PLT01269
10 B(I)=AID(I) P1.101270

IFLAG DAT(1) 21.101271
IF(IFLAG.GT.3) GO TO 50 P1.101272
A DAT (2)*CDR PLT01273
C COS (A) - P1.101274
S SIN (A) - PLT01275
GO TO (20,30,40),IFLAG P1.101276

20 B(1)=C PLTO1277
B (2) —S PLTO1278
B(5)=S PLT01279

V B(6) C P1.101280
GO TO 100 PLTO1281

V 30 B(6)=C P1.101282
B (7) —S PLT01283
B(1O)=S PLTO128’4
B(11) C 51.101285
GO TO 100 PLT01286

40 B(1)=C 5LT01287
B(3) S 21.101288
B(9)=—S PLTO1289
B (11) C 51.101290
GO TO 100 P1.101291

50 IFLA G IFLAG—3 PLT01292
GO TO (60,70,80) , IFLAG PLT 01293

V 60 W=DAT(3)**2+DAT (4)**2 PLTO129L4
IF(W.LT.0.000001) GO TO 65 - P1.101295
B(1) DAT (2) 51.101296

~ (6) DAT (3) 51.101297
• B (11) DAT (44) P1.101298

GO TO 100 51.101299
65 B(1) DAT (2) P1101200

• B(6) DAT (2) P1.101301
B ( 11) DAT(2)  21.101302
GO TO 100 - - PLTO13C3

70 B (14) =DAT (2) PLTO1 3C- -
B( 8) DAT(3)  PLT O1 3O5
B (12) DAT(4) 21.101306
GO TO 100 PLT O13O 7

80 D A B S ( D A T ( 2 ) ) PLT O 13 O8
B(11) 0.0 21.101309
IF(D.GT.O.0001) B(15) -1./DAT(2) 51.101310

~. ~ D1 AB S ( D A T ( 3 ) ) 51.101311

135
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IF (D1.GT.O.0001.AND.D.GT.0.0001) B(16) DAT(3)/DAT (2) P1.101312
- V B (14 ) —DA T (14 ) PLTC1 313

B (8) = — D A T ( 5 )  PLTO 1314
100 CONTIN UE PLTO13 15 V

IDEBU G O  PLTO1316
I F ( I D E B U G . E Q . O )  R E T U R N  PLTOI317
WEITE (6,14O) PLTO1318

140 FORMAT (//) P1.101319
DO 110 1= 1 ,4 - 21.101320
1L 1+12 P1.101321
WRI TE(6 ,120) (B(J) ,J=I,IL,4) PLT0 1322

1 20 PO P MA 1(1OX ,’PERSPT ’,4 (2X ,P12.5)) 51.101323
110 CONTINUE 51.101324

RETURN 51.101325
END PL101326
SUBROUTINE USER 21.101 327
CO MN ON/ P LBAS 1/  2 ( 4 ,3001) ,ICON (3001) ,NUM ,NUMAX ,IPLTI P1.101328
CONMON/PLBAS2/ AP(16),AV(16),CP(16),DAT (8) P1.T01329
COBMOW/PL SAS3/ WINX L ,WI NY L ,WI NX W ,WI NY W ,IWIN PLTO1 33O

V CO MM ON/PLBAS4/ SCR WX L ,SCRN!L,SCRN XW ,SCR N Y W ,ISCRN 21.101331
COMMON/PLBAS5/ SIGWOR ,SNPLOT,IH P1.101332
RETURN 51.101333 V

END PLTO 133’4
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