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developed to predict the extent of this lensing in various candidate materials
under a variety of conditions. This work contributed to selection of appro-
priate materials, as well to design of geometrical configurations, in which
the lensing could be reduced,™To quantify the effects of thermal lensing, an
efficient computer program package was developed and programmed to run on
a CDC6600 computer. The package was written to handle Gaussian-shaped
beams incident on either a thin disc- or annular-shaped cylindrical window.
Three coupled programs make up the package: TEMPS5, which solves the full
heat transport equation within the window for any given set of initial and
boundary conditions on each surface; TIKIRK, which solves the vector
Kirchhoff diffraction integrals for the beam transmitted to the far field; and
DISPLAY, which plots these temperatures and/or intensities in a variety of
ways, including three-dimensional perspective views . Volume I of this report
lays the theoretical foundations underlying these prog%fs and presents
graphical results for two model problems using disc- and annular-shaped
windows. Volume II is a "user's manual." It describes how each program
functions, enumerates the constituent subroutines and subprograms, gives
complete Fortran listings, and even provides typical detailed commands to
initiate and run the programs in both the Intercom and Batch modes of opera-
tion. Results of this work should substantially aid engineers in planning con-
figurations and specifications for current and conceptual systems.
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Computer Solutions to Heat and Diffraction
Equations in High Energy Laser Windows
Volume Il

7. INTRODUCTION

In Volume II we will give a detailed documentation of the Fortran programs
TEMP5, TIKIRK and DISPLAY, explaining how to implement them. This will
include: listings of main and ancillary programs and subroutines, plus an explana-
tion of their functions; derivations of how the heat, boundary condition (BC) and
diffraction intensity equations are transformed into algorithms solvable by the
computer; flow charts; and, glossaries of variables for some of the more impor-
tant subroutines. Since programs TEMP5 and TIKIRK have been coded to permit
systems operation under both an Intercom and Batch mode, we will list typical
interactive commands and card deck setups which control these two types of
operation. Because program DISPLAY can function only in the Batch mode, we
will list typical card deck setups for its operation.

Much of the details presented in Volume II appeared originally in the following
unpublished reports from Parke Mathematical Laboratories, Inc., Carlisle,

Mass. :

(i) N.G. Parke, I, "Program TEMPS5," Sci. Rpt. No. 1 (April 1973); also

“ documented as AFCRL Rpt TR-73-0039 by the same author,

(Received for publication 26 November 1976)
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(ii) T.B. Barrett, "An Interactive Set of Programs Using Program TEMP5
for the Determination of Calorimetric Material Parameters from Experimental
Data on Cylindrical IR Laser Window Materials," Tech, Memo. No. 16 (Oct,
1973).

(iii) T.B. Barrett, "TIKIRK Program,' PML Rpt. 110, with revision (April
1974).

(iv) T.B. Barrett, "GETDATA Subroutine, " PML Rpt. 111 (May 1974).

(v) T.B. Barrett, "DISPLAY Program,' PML Rpt. 116 (May 1974).

8. TEMP5S PROGRAM

8.1 Introductery Remarks

Initial attempts to code the numerical solution to the heat and BC equations
used the Crank-Nicolson method, 11 This procedure leads to a pentagonal system
of linear difference equations, which are usually solved by an appropriate iteration
technique. 1 However, if Ithe edges of the ''net" of points — at which the tempera- s
ture is to be evaluated — is situated at the boundaries, three problems arise:

(1) Iteration techniques must be used.

(2) Symmetry dictates that along the window axis (p = 0) there be no heat flow
across the window center, that is, du/dp = 0, Under this condition, however, the
term (1/p)(du/dp) which occurs in the partial differential equation would be inde~

terminate.
(3) A satisfactory finite-difference analog must be found for the general BC's,

which have the form:
du/ov+hu=g . (38)

[cf, Eq. (32) of Volume I}. :_},:
These difficulties were resolved as follows: ‘
(1) The Crank-Nicolson method was replaced by the Implicit Alternating Dif-
ference (IAD) method. o This procedure reduces the algebraic problem at each
stage to the inversion of a tridiagonal matrix. The Thomas algorithm is employed ;,}'
and iteration is avoided. The cost of this approach for a problem involving two

space variables is a two-time-level pair of difference equations.

11, Carnahan, B., Luther, H.A., and Wilkes, J.O. (1969) Applied Numerical
Methods, Wiley and Sons, Inc., New York

12. Parke, N.G., III (1971) Technical Memorandum No. 4, Parke Mathemahcal
Laboratortes Inc., Carlisle, Massachusetts, unpubhshed
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(2) By applying L'Hospital's rule along the cylinder axis there results:
Lim (o "1)0u/8p) = 8%u/8p2.
p—+o0

(3) A suitable finite difference analog for Eq. (38) is established by shifting
the ""net" half an increment off the boundaries.

To see how the finite difference method is applied, consider a transverse
cross-sectional cut through the window's center (that is, the plane of the cross-
section is perpendicular to the window's faces)., The borders of the resulting
rectangular cross-section are parallel to the p and ¢ axes (see Figure 1, Volume
I). Because of the rotational symmetry, only one half of the section need be
shown. The geometry of the choice of net points superimposed on this cut is indi-
cated in Figure 19. The window faces occur at the lines marked ¢ = ¢, and
€= €qs the inner and outer cylindrical surfaces are denoted by the lines marked
By and 1, respectively. The p, t coordinates of each net point are represented
by the indices i,j, respectively, with i running from 0 to M+1, and, j running

from 0 to N+1. That is,
i 5T ;
Py mpg UL cHp , 1=0,1,..., M+l

il ] ) :
gj_§1+<3-§>'A§ ’ J 011;""N+1 .

These coordinates are measured relative to the surfaces Py and ¢, respectively.
All of the net points bearing one or both of the indices 0, M+1 and N+1 fall outside
of the window itself and are considered to be 'fictitious'" or "corner' points,

8.2 Finite Difference Analogs for the General BC's

It is now possible to write the finite difference analog of the general BC's for
the shifted net. First, we note that the derivative term 3u/dv in Eq. (38) differs
for each surface due to the sign conventions chosen for p and ¢. For example, at
the surfaces p = p, andp = 1, the term 8u/8v becomes - and + du/dp, respectively;
while at the surfaces ¢ = €10 and ¢ = €q it becomes - and + 8u/d¢, respectively.
Thus, the finite difference analogs of the BC's become:

u

st U
1
,1—-—LZ——0' 2d = gl at p =0

u : = Upp . u o AL
M+1,j UM, MLt UM,
e L T L= gyate =1

forj=1,2,...,N-1




BASIC
CALCULATING
CROSS

T
(]
—

—0 —o-|-0— —u

]

—-—— e O | =@ = |- — O — @

pp + (i-1/2),40

g, + G-1/2)-8g

[ —ihdiicem

® = net points O = fictitious points

4+ = unused corner points

0

Figure 19, Geometry of Finite Difference Net, The boundaries are straddled by
a net point and a fictitious point




u, -u,
i, N+1 i, N +h
L2y

When these are solved for the "fictitious" points, one obtains

2—h1'Ap 2 bp - g
u . = T — 3 u il
0,] 2+h1- PaYel 1,j 2+h1- JaYel
2-h2'Ap 2-Ap-g2
u B B T i v et MiC e T
M+1, j 2+h2- Ap M, j 2+h2- Ap

2 ~h, At 2hIAR D
e
i,o 2+h3.A§ i, 1 2+h3- At

[2-h4-Ag 2. 48t gy
= e——— u | —— - 47
YNt T | ZFR, A YLNT | TFh, - ac (47)

We saw in Section 3.3, Volume I, that all BC's of practical interest can be
represented by appropriate choices of the g and hi' With this capability in the
above analogs, the resulting computer program becomes very flexible,

8.3 Finite Difference Equations for 1.A.D. Method

Having set up the "net,' we shall now use the I.A,D. method on the parabolic
heat equation having the general form [cf Eq. (29), Volume I]:

du/ar = 5%u/0p2 + p tou/op + 8%u/a¢? + q
where

q = A exp (-p2/2oi).

s
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In the first finite difference equation set, the analog of the partial derivatives
with respect to p will be written at the new time level n + 1, and the analog of the
¢-derivative written at the old level n. Here, n is even starting.withn = 0. To
complete the cycle, the second finite difference equation set is written at the new

are now implicit in ¢-direction and explicit in the p-direction. Partial derivatives
with respecf to p are written in terms of values of u at the, now old, time level
n + 1. These "intermediate" values of u are sometimes designated u* (meaning a
correction). They are not accurate representations of the u. This point is dis-
cussed in detail by von Rosenberg.13

Our analogs for the various partial derivatives take the forms:

295 5 ne1 T %o, 5, nel

(Ap)2

) - Senei
pp i, 3, 0¥l

<1 = > ' _ Y41, §, n+1 T Yi-1, 5, ntl
=l
p p/ij,ntl ?pi(Ap)

R 1L O 8
i,

(

u
£e
(ag)?

e’ -u, .
1 i,j,n
(u ). 1 = I:Jpn+ » s
r'i, j,n+l/2 (a7)

and

.The subscripts i, j merely represent generalized indices and extcnd over the
generalized ranges: i=1,2,...,Mandj=1,2,.,., N, After substitution, the
first set of I, A, D. equations are:

13. von Rosenberg, D. U, (1969) Methods for the Numerical Solution of Partial
Differential Equations, American-Elsevier Publishing Co., Inc., New York.
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Ui g, nel T %o, 001, Uikl g, 041 T 1,5, 0t
(8p)e 20,(8p)

+

i, 45,0 " n T Y 5-1n S S s 1
(Ag)z L] Or

The second set of I. A, D, equations is:

Uit g,nt1 " 2%, 5,001 T g g, e Yind, g mkn T el g, el

(8p)2 2p; (2p)

Ut 2 g nee Vgl e

_ Y, g, 042 T U, j, 41
(ae)2

+ e
L] At

q

It is convenient to introduce the parameters

At At

A= v BT =
(Aag)

} (Ap)2

Observe that Eqs. (54) are tridiagonal, containing the unknowns

Yit1,j,n+1 ¢ Y,j,n+1 * Yi-1,j,n+l

and can be solved by the Thomas algorithm. Likewise, Egs. (55) are tridiagonal,
containing the unknowns

Y4, 541, n+2 ¢ Y §, n+2 Y, -1, n+2

and can likewise be solved by the Thomas algorithm.
Before continuing, let us take up the mathematics of the Thomas algorithm
(which will be incorporated in the subroutine TRIDAG, to be explained later),

8.4 The Solution of a Tridiagonal System of Equations

The whole purpose of the implicit-alternating direction method is to reduce
the number of unknown variables at the ''next" time level to three in any cne equa-
tion. Such a set of equations is called a tridiagonal system that has a relatively

65
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simple solution, This strategy avoids "iteration" techniques of the Crank-

Nicolson approach, described in Parke. 2

The general form of a tridiagonal system of equations is

b1v1+ CqVy = dl

L}
[» 1

agvy + byvy *Cyvg =

agVy t+ bgvg + Cqvy = d,

P I R IR S R B R BN B U

(57)

a;vi_q + bivi tevig T d

ii i

e e s e e s aE W s B4 s G0 E B0 s s

an.1VN-2 T PN-1VN-1 T ON-1YN T

dy-1

anVn-1 T PaVN T 9N

where*

di . =, known quantities

a;, bi' o= known coefficients

vy .= unknown quantities .

The tridiagonal matrix is defined as the matrix of coefficients a, b, c alone,
& To continue, the validity of the form

We follow the treatmgnt in Carnahan,

Vi, =y S (58)

can be demonstrated. The constants v, and Bi are to be determined. Indeed, sub-

stitution into the i-th equation of (57) gives

C,
i-1 . RE
8 F R s SRR T S S B

:

L g

*The symbol .=. means "is defined as."
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As a result

i prsanmt S

a.c. a.c.
t w ii-1 i7i-1

LD
TRy i R

where we have the recursion r«lations

85 =%by, w4 Ly agBy s ¢ ' (60)
Finally, from'the last of Egs. (57), we have

C
N-1
d dv 72N N1 "By, N

O : (61)
N b b

(61a)

ANCN-1 Px
BN-1

To summarize the complete algorithm for the solution of the tridiagonal system,

we have

NN

AT SR T AN PR




L o B R MRS e 0 T N5

LAt i)

where the B's and y's are detesmined by the recursion formulae

By=by » vy =44/B

i %i-1
o e L S
Ea b T

d. - a.y,
=l ifi-1 e
‘yi--——--————Bi iM=T2 3R e, N

8.5 Putting the I.A.D. Equations into Tridiagonal Form
Using Eqgs. (56), the first I.A.D. set becomes, from Eq. (54)

). . Ap E3
e B + u, : { Rl X
i, j,nt+l i-1,j, n+l 2(91 +(1-1/2) - 2p)

MU, 5,041 T 20

XU 501 " Y- gnet] TG T Y01 o

Writing in the standard form

byty 5,n+t T C1Y%, 4, n+1 " N

s e s e st s e s s s s e 20 s s s e e

U1 3, n+1 TP, 41 %, g nel T G

o s e 8 s s e s sk s s s s a0

s 6 e b 6 4 8 P s 8 BB e 8B B P8 S L Es PO

MuM, j,n+l = dM

AMUM-1, §,n+1 F P

we find that, in general, that is, for i #1, i # M

x £ Ap s P
BNl 2, T @L-D - 5p PNIES 7;%')

(63) r
(64)
(65)
*
(66) - i




%

- i .
G s Y b S TR R P T 3 TNl e el e e :
‘%‘m Lol i S B s A BRI A R R e L A R T R A

=22+ 1) (67)

o
n

[¢]
il

Dp v Ja
i "(1+zp1+(2i-1).Ap)-l(1+g;,Pi—\) (68)

R R A RN A A (69)

— G AR

We notice that from Eq. (44)

-h, - Ap 2 . Ap . g
a,u_ . = a — |y 1 5 (70)
170, j,n+1 1 2+h1-Ap 1,j 2+h1-Ap
Hence, we have to change b1 according to
2 - h1 + Ap- : ¢
b1 -— b1 ta 5T Ay hl ) g (71

We also have to change d1

A= -a k) (72)
1 17 % | 2%h & ] ¢
Similarly we have to change bM

aihg® o
P Pmt Om | 2¥h, & 5y

using Eq. (45)., Likewise

d -— d -C i.i.._—g_z. (74)
MT M M[{ZFh, - 5 |

It should be observed that as long as j #1 or j = N, the d's require no further

modification because their computation involves only "net" points at time level n.

However, when j = 1, the fictitious points u, o.n 2Fe involved, Also, whenj = N, 1

1,0, L
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the fictitious points u, ., are involved. The simplest way to handle this is

1n 1 P 3 .
to "border' the u, 5,0 array by computing ui' o g with Eq. (46) and ui, N+l n

with Eq. (47) just before computing the first sets of a, b, ¢, d for the ¢-explicit,
p -implicit I. A.D. set.

To summarize, in step I we modify bl’ dl' bM' dM having extended ui' i,n
with Eqs. (46) and (47).

Now let us turn to step II of the I. A, D. method. We begin with Egs. (55) and

write

2u +

BlU; o1 ez 7 29 g, ne2 P U en me2) T Vg e T AT Yy (57

These equations are to be written in the standard form:

+ c, u, d

P11, n+2 ¥ 1%, 2, n+2 °

as e v s s a s e

=d

*byo1 Y N n+2 T IN

an Y, N-1, n+2

We find again that, in general, that is, for j #1 or j # N

= b, = ~(2u + 1 IE
u j (2u+1) c = u

j
*
A Dp
%, 4,001 T Yi-1, 4,001} T Z F@I-D - 4

d.:-

i = =M 5,001 7 2

(ie1, 5,001 7 Pieg,gmet] 7877 % TV g ner

Using Eq. (46) for uy we change b1 to

, 0, n+2’

2 -hy - AL
by=Pi*2 | 2%n, - A
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We also change d1 to

2'A§'g3

d, - d, -a
14| PSRz =

1 1

Similarly we use Eq. (47) for Ui N, n+2 to change by _. to

2 -h, - A

b PR ——
N 2+h4.A§

N<—bN+c

2- 4t g
4. —d -cg |3 —b

(81)
NTONTON|2+h, - Ar

.

Again, as longas i #1, or i #M, the d's require no further modification because
their computation involves only "net" points at time level n + 1. However, when

i = 1, the fictitious points u are involved. Also, when i = M, the fictitious

o, j, n+l

points u are involved. The simplest way to handle this is to ""border"

b M+1,j, n+l
the u” = ui’ i, n+1 array by computing uo' i, ntl with Eq. (44) and uM+1,j, n+l with
Eq. (45) before starting on the second half of the I. A.D. set. We shall keep the
() AR ,“n even level u's in an array U(I,J). We shall keep the 1, 3,...n odd level

u's in an array USTAR(I, J).

8.6 The Time Coordinate

The time coordinate Th is constructed so as to be controlled by an integer n
and an increment Ar in a special way. Because we are using the I.A.D. method,
the ""net" values of temperature are only valid when u is an even integer. In
addition, it should be noted that Ar may be changed before entering a new cycle
involving an alteinating difference pair of finite difference equations.

Initially, temperature varies relatively rapidly with time. This means that
rather closely spaced time units should be selected at which to calculate the tem-
perature, Later, as the temperature approaches its steady state value, its change
is less rapid so that it seems reasonable, especially from the viewpoint of con-
serving computer time, to calculate temperatures at much larger intervals of time.
This can be accomplished by allowing the time interval Ar at a particular choice

of n to increase according to the scheme:

Ar(n) = 2n/n0 A'ro 5
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A-r is some arbitrarily-selected initial value of A7, n is a positive even mteger
and n, is some arbitrary positive integer, called the 'doubling count number,’
because when n reaches n,, At will double to 2A70 Making n_ very large is

equivalent to holding Ar(n) = A7 a
Meanwhile, the time coordinate T is formed according to the prescription:

L gein “

n
T, "2 E ar(k) = 247 Z ol TR (83)
k=0

k=0

in which k is incremented in steps of 2 up to n. This prescription will hold up to
the limit n = n;. The actual value of n. will be determined by the parameter

n a positive integei‘ which is inputted at the start of the program, The inte-

max’
ger n; will be equal to Thok s, 2 if n_ .y is even, or, to s 1if n ooy 8 odd.
Atn=n,, the increment is designated by AT(nL) and the time by iy, & That is:
. L
n. /n
artnp) =2 M ar, (84)

k/n'

, b )
- =2A'roz prevon ‘ (85)
T e

For times greater than Toysie corresponding to n > n, the increment will
remain fixed at AT(n ) where&é the time will be given by:

g aring) - @ -ng)j2 . (H6)
'fhe time 71’1 will keep increasing by these fixed increments until it reaches some
arbitrarily-fixgd upper limit T at which point the program initiates a termina-
tion procedure,

By virtue of another time-control parameter, the program also makes pro-
vision for turning the source off and then determining the temperature changes as -
the window cools off, This occurs at r = T off? where, of course, T off must be
=T max’ .

Should 7, as determined by Eq. (86), become greater thanr .. at the start .
then the time-incrementing procedure is

of a time loop, and if Toff < Tmax’
reinitiated. On the other hand, should T exceed T off at the start of a time loop,

and if 7 off = Tmax’ then the subroutine CYLTMP (to be described later) does not
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continue with thz calculation, but returns control to the main program. Thus,
the actual maxirium time value will usually be slightly less than T off if the window

is being irradiated, and will be slightly less thanr, . if the window is experienc-

ma
ing a cooling phase.

From the analysis above, we see ihat, apart from the running index n,
usually 4, or, at most 5, parametérs are required to control the time coordinate,

and ~ ...
max ofF
or by decreasing n..

viz, N, Dae A-;o, T The time interval Ar can be enlarged by

; ) 2
increasing At L

8.7 The Maia Program und Principal Subroutines

The ¢oding necessary to input all of the data, to carry out all of the required
calculations, inciuding the I, A.D. prescriptions, und finally, to print out the
results constitutes a major programmed package, narned the TI:MPS program,
This package consists of eight principal subroutines called into execution by one
very short main program. This latter program has also been des ignated as
TEMP5. However, ‘whenever we uge the term "VEMF5 program' throughout this
report we will always mean the coliective ""packag ' rather than this one main
program, unless stated otherwise. - ~~

The TEMP5 program is composed of the following:

(1) TEMPS5 - a very short program whose principal purpose is to call the 2
principal subroutines DATINIT and CYLTMP,

(2) DATINIT - a subroutine which inputs all required parameters necessary
for program uperation by a call to subroutine GETDATA. It initializes the prin-
ciprl arrays used by subroutine CYLTMP. It also calls subroutine GAUSS.

\3) CYLTMP - the "core'" subroutine of the TEMP5 program. It calculates
the temperature u according to the I, A.D, method using both subroutines TRIDAG
and SPLNI and then the related integrals F1 and F2 again using SPLNI. It stores
u, F1 and F2 in unformatted form on a file named TAPE3. These temperatures
(u) are calculated at the RHO, ZED lattice points and are designated by the vari-
able name U(I, J).

(4) TRIDAG - the subroutine which implements the Thomas algorithms for
solving a system of simultaneous linear equations having a tridiagonal coefficient
matrix,

(5) GAUSS - a subroutine for loading the volume heating source term Q with a
truncated Gaussian distribution into the program.

(6) SPLNI - The subroutine which finds the third order spline function for a
function y(x) given at the points (X(I), Y(I)). It is used both for integrating the F1
and F2 functions as well as for interpolating values of n at the RFIN, ZFIN lattice
points, which occur halfway between the RHO, ZED lattice points. These inter-
polated temperatures are designated by the variable name UFIN(I, J). They enable
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us to calculate témperatures out to the window's edges. SPLNI, which follows
Chaptér 8 of Ralston and Wilf, L is a modification of the IBM standard Scientific
Subroutine Package subroutine SPLIE.

(7Y GETDATA - obtains data from the operator. It can be used as a universal
inputting subroutine for either the Batch or Intercom modes of operation of any
| program requiring input data, (More will be said about these two modes later.)

i However, it was written mainly for Intercom operation. It also calls on subrou-
| tines SSWTCH and RJUST,

(8) SSWTCH - reads in the first three data values (and prints out appropriate
messages) for GETDATA control. (It should be noted that SSWTCH is not the
same as the CDC Fortran subroutiﬁe bearing the same name.)

(9)‘ RJUST - right adjusts all numerical values.

The TEMP5 program has been coded to permit operation under either Batch
processing or Intercom. The latter mode permits relatively easy interactive use,
as implemented under CDC Scope 3.4 with the CDC6600,

The complete Fortran listings for each of the above are given in Appendix A.

i
it

8.8 Implementation of Some of the Subroutines
8.8.1 DATINIT

The implementation of tne TEMPSvprogram begins with the inputting of all
required program parameters and the initializing of the working arrays which will
eventually be used by CYLTMP. DATINIT accomplishes all of this by a call to
GETDATA. Furthermore, DATINIT assigns default values to the VALUE portion
of DATAIN, which is an array of TEMP5 parameters, and also assigns names and
format codes to the NAME and FORMAT portions of DATAIN, This will be
described in more detail in Section 8, 8.4 on GETDATA.

A complete tabulation of all the required input data is given in Table 2, The
table lists both the data and the variable names, their corresponding default values,

formats, the particular major programming package in which each quantity is
ultimately used, and a succinct description. The default values listed in Table 2 -ﬁ'
for the material properties such as refractive index, absorption coefficient, etc., i
pertain to KCL.

It should be noted that although all of the variables itemized in Table 2 may .
be inputted at this stage of the program, not all of them will actually be used in
TEMP5. Many of them will be called up later in the TIKIRK and DISPLAY

programs.

14, Ralston, A., and Wilf, H.S. (1967) Mathematical Methods for Digital
Computers, Vol, II, Wiley and Sons, Inc., New York,
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Another factor to be noted in Table 2 is that the values of M and N have been
chosen to be 80 and 20, respectively, Since the indices on the RHO and ZED
coordinates extend from O to M+1, and, O to N+1, respectively, this means that
the net depicted in Figure 3 consists of 82 points along the radial direction and 22
points along the axis, Meanwhile, since the indices on the RFIN, ZFIN coordi-
nates extend from 1 to M+1, and, 1 to N+1, respectively, then the array of points
at which interpolation occurs consists of 81 points along the radial direction and
21 points along the axis.

8.8.2 CYLTMP

The temperature-related terms U, Fl and F2 really constitute the principal
output of the entire TEMPS5 program. Computation of these quantities, as pre-
scribed by Egs. (29), (30), (16) and (17), are actually carried out by the subrou-
tine CYLTMP, with the aid of TRIDAG and SPLNI. Figure 20 shows a flow chart
for the CYLTMP algorithm. Table 3 gives a glossary of the variable names.

Source turn-off is accomplished in subroutine CYLTMP by setting the volume
source term (array q) and ""boundary" source term (array g) to 0 at the appropri-
ate time. At the end of each 7-cycle through CYLTMP, the temperature distribu-
tion at + + Ar has been computed where 7 is the time at the start of the cycle,

Thus, a check is made at the start of each cycle to see if v + A7 is less than T off*

If it is, then the cycle continues normally with the source terms "on," When

T + Ar first becomes equal to or greater than ot @ "flag" is set gnd a new Ar is
computed such that 7 + Ar = T off and the cycle continues. When the subroutine
returns to the start of the next cycle, the source term is set to 0. In addition the
variable NN is reset to 0 and Ar is computed as was done for source turn-on,

8.8.3 TRIDAG

This is a subroutine for solving a system of linear simultaneous equations
having a tridiagonal coefficient matrix., The equations are numbered from IF
through L, and their subdiagonal, diagonal, and superdiagonal coefficients are
stored in arrays A, B, C. The computed solution vector (V(IF), ......, V(L)) is
stored in array V.

The mathematical details of all of the steps involved in solving the tridiagonal
equations have been given in Section 8. 4,

The coding for subroutine TRIDAG is taken from Carnahan et alnon page 446,

8.8.4 GETDATA
8.8.4.1 Description

This subroutine is designed for inputting problem data when a program is run
under CDC6600 INTERCOM control. It may also be used, however, for inputting




Table 2, Input Data for the Implementation of the TEMP5 Program

(2) (3) (4) (5) (6) (7)

Datum Variable Default Format Useage
Name Name Value Code Code Description

Il 11 T Print/punch F1,
F2 and param-
eters.

Print TAU, LMDA,
MU, MN, NQ, INIT,
ICNTR. Also,

use 1 if IKIRKP
option is desired;
use 2 for IKIRK
option, (see Sec.
9.2.)

Print arrays: KK,
A, B, C, D, UPRIM
in CYLTMP; also
initial values of
U, USTAR, etc.

Print U and Q
after initial data
read-in or com-
putation,

Print array UFIN
at every fifth
value of both RFIN
and ZFIN,

Punch array UFIN
and parameters.

Print array U at
the following
RHO(I) and ZED(J)
points: I=2, 2+MI,
2+2MI, 2+3M], ..,
=81

J=2, 2+NI, 2+2N],
2+3NI, .., =21,

M+1 is the number
of radial points at
which temperature
data is outputted.

N+1 is the number
of axial points at
which temperature
data is outputted.

*For I1 through I7: If the value is set equal to 1, then appropriate output will be
printed; if the value is set equal to 2, then output will be suppressed,
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Table 2, Input Data for the Implemertation of the TEMP5 Program (Cont.)

5 (1) (2) (3) (4) (5) (6) (7
- DATAIN
Seq. Datum Variable  Default Format Useage
£ No. Name Name Value Code Code Description

10 MI MI 1 0 T Every MI-th
,‘ point in the rad-
ial direction is
printed (see I7).

11 NI NI 1 0 0 Every NI-th
point in the axial
direction is
printed (see I7).

12 ICNT ICNT 1 0 T Array U is
printed out for
every ICNT-th
time cycle (see
17).

13 j18) IU 0 0 T If 0, temperature
distribution U
initialized to UO.
If 1, initial tem=-
perature distri-
bution read-in on
file tape ICARD.

14 1Q Q 1 0 T If IQ = 0, initial-
ize source Q to
zero,

If IQ = 1, initial-
ize source Q to
Gaussian,

IfIQ #0, 1 read
source Q from
file tape ICARD.

15 NO NO 2 0 T The arbitrary

positive integer

n, in Eq. (82) of

text.

18 NMX NMX 11 0 T Nmax (see Sec.
8.6).

17 IRUN IRUN 100 0 Not used.

18 ICARD ICARD 5 0 T Input file for some
of the input con-
i trolled by IU, IQ.

a3
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Input Data for the Implementation of the TEMP5 Program (Cont. )

(1)
DATAIN
Seq.
No.

(2)

Datum
Name

(3)

Variable
Name

(4)

Default
Value

(5)

(6)

Format Useage

Code

Code

(n

Description

19

20

21

22

23
24
25
26
27
28

29

30

31

32

IPRINT

IPNCH

ITAP3

ITAP4

RHO1
RHO12
ZEDI1
ZEDI12
DTAUQ
TAUMX

TAUOFF

SIG

IPRINT

IPNCH

ITAP3

ITAP4

RHOL
RHO12
ZED1
ZEDI12
DTAUO
TAUMX

TAUOFF

SIG

-. 5546

1.10982
. 0035

5.0

5.0

. 1292

0

[ U G S O TP Ty

18

Output file for all

TEMPS output 5
except for some

of the "inter-

active" output and

unformatted tem- -
perature output.

In original
TEMPS5, identi-
fies "punch" out-
put file.

Unformatted out-
put file for time-~
temperature.

"Interactive"
input file,

P

P12
$

$12

A’ro

Tmax (see Sec.8.6).
Toff (see Sec. 8. 6)..

Either ¢ or g¢
(see Eq. (33) or
(3.

If you want

A= Ar /202 (see
Eq. 375:, then set
Q0 = A, (Be sure
A™= ,001; highly
unlikely to be
otherwise).

If you want

A =1/2 g (see
Eq. 33), then set
Q)O < . 001 (say,
0),

Initial (uniform)
temperature dis-
tribution.
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Table 2, Input Data for the Implementation of the TEMP5 Program (Cont, )

(1) (2) (3) (4) (5) (6) (7
DATAIN

Seq, Datum Variable Default Format Useage

No. Name Name Value Code Code Description

33 EPS EPS .001 T Error tolerance
in spline inter-
polation.

G1(1), Gl ,0,0, Surface heat flux
G1(2), (see Egs. (33) or
G1(3), (37)).

G1(4)

H1(1), X Surface heat
H1(2), 5 transfer coeffi-
H1(3), .01 cient (see Egs,
H1(4) ; (33) or (37)).

MATERIAL MATER Cylinder material
identifier. Used
for identification
purposes only,

It is not "used"

by any program,
but can, of course,
be printed in
TIKIRK listings
and on DISPLAY
plots.

REF. IND. NX Cylinder refrac-
tive index,

BETA BETA : Bulk absorptlon
coelficient (cm=1),

THER.COND K 3 Thermal conduc-
tivity (W/em-°C).

LAMBDA LAMBDA Wavelength
(microns).

S1R S1R 5 - Stress optic coef-
ficient S‘)(OC)'1

S1T S1T . - Stress optic coFf-
ficient S (OC)

S2R S2R d Stress opt1c co?f-
ficient Sg( S

s27T S2T .1E~ Stress o tlc coief-
ficient S (°c)"

DENSITY DEN J Density (gm/cm3).

SPEC,HEAT CP ) Specmc heat
(J/gm=-°C).

RADIUS R s Radius (cm),
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Table 2. Input Data for the Implementation of the TEMP5 Program (Cont.)

(1) (2)
NATAIN
Seq. Datum
No. Name

(3)

Variable
Name

(4) (5)

Default

Format Useage
Value Code

(M

Description

54 EXPER
55 PWR

R1
VA
R2

PLT? IY,
2N

PROBNO

TICU
XLEN
YLEN
X-SCALE
Y1-SCALE
Y2-SCALE

XTITLE1
2,3,4,5

EXPER
PW

R1

21

R2
IPLOT

PROBNO

TICU

XLEN

YLEN
SCALEX
SCALEY1
SCALEY2
XTITLE

YTITLEL

YTITLE2

OPERATOR NAME

-1
1

temp-
deg. C
above
amb

mean
temp
above
amb

GIANINO -1

Not uszed.

Transmitted
power Py, in
watts (see Eq.9).

Not used.
Not used,
Not used.
Not used.

Problem number-
for plot identifi-
cation.

Not used.
Not used.
Not used.
Not used,
Not used.
Not used.

The x-axis is
given a title of

the form "XTITLE
scale is n units/
tic" where n may
be scalex. Also
parameter title.

Similar to
XTITLE, '"sur-
face' title in
DISPLAY.

Not used.

Plot identification
(required for pick-
ing up plots at
central gite).
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Table 2, Input Data for the Implementation of the TEMP5 Program (Cont.)

(1) (2) (3) (4) (5) (6) (N
DATAIN

Seq. Datum Variable Defaull Format Useage

No. Name Value Code Code Description

& -

i gt e gy TR

83 ' radial -1 D Title for '"x-axis"
to distance in DISPLAY.
817 rho-(cm)

axial Title for "y-axis'
distance, in DISPLAY.
z={cm)

N.B. 0 means ''zero"; 0 means "oh'".

Explanation of Columns

(1) The sequence number of the datum stored in array DATAIN.

(2) Datum name used by operator when he inputs the data. This name is a
character string, E.g.. Il means 2HI1 in Hollerith notation.

(3) The symbolic name used in the TEMP5 program. The same quantity may
be given a different variable name in other programs that used the quantity.

(4) The value that will be assigned to each item listed, unless a different value
is inputted.

(5) 0 = integer (I10) format.
1 = floating point (E10, 0) format.

-1 = character string (6A10) format, that is, up to 60 characters are
permitted. -

not used.

used in TEMPS5 program.
used in TIKIRK program.
used in DISPLAY program,




Table 3. Glossary of Variable Name‘€>€<1L

A(D) .=. 'Tridiagonal sysiem .=, coefficient vectors.
B(I) .=. Tridiagonal system .=, coefficient vectors.

BETA(D) . =. Auxiliary variable: Thomas Algorithm for TRIDAG
matrix inversion.

C(D) .=. Tridiagonal system .=. coefficient vectors.

D(I) .=, Tridiagonal system .=, coefficient vectors.
DRHO .=. Program cortrol parameter .=. &p = (o, - pl)/M.
DTAU .=, Time increment parameter .=, Ar.

DTAUO .=, Time increment parameter . =, A'ro.
DZED .=. Program control parameter .=. At = (¢, - §1)/N.
E() .=. Space increment array .=, DRHO, DZED.

EPS .=, Error tolerance in iterative steps.

F1(I) .=. An array of integrals.

F2(1) .=. An array of integrals,

G(D .=. Coefficient in general boundary condition.

GAMMA .=. Auxiliary working variables-Thomas Algorithm (see
Eq. (58)).

GAUSS .=. Subroutine for loading Q with a truncated Gaussian
distribution.

GF(X, Y, 2) .=. Statement function = (2, ¥Y*Z)/(2, +X*Y).

G/H .=. Given nondimensional surface temperature.

G(I) +=. 89,8983, 84 =+ boundary condition parameter.

G1(I) .=. Buffer to retain input G(I). G(I) modified during program
execution.

H(I) b S h,, hg, h, . =. boundary condition parameter. Film
coefﬁmgnt

HF(X, Y) .=, Statement function .=. boundary condition .=,
(2. -X*Y) /(2. +X*Y) (see Eqgs. (44)-(47)).

# : :
The symbol .=, means "is defined as."
T 0 means "zero"; 0 means "oh."



Table 3. Glossary of Variable Names (Cont.)

H=0, G=0 .=. No heat crosses boundary .=. physical significence of
- T H and G.
H1(I) .=, Bulffer to retain input H(I)., H(I) is modified during

program execution,

5 I . =. Indexing variable.
ICARD . =. Logical device number for card reader.
: ICNT .=. Number of I.A.D. cycles between printouts.
ICNTR .=. Number of I.A,D, cycles since last printouts.
IF . =. Indexing variable,
It .= I-1,
IKEY . =. Logical device number for keyboard (or card) input,
IPM(I) . =. Basic program parameters integer: see eguivalence
statements,
IPNCH .=, Logical device number for the card punch.
IPRINT .=. Logical device number for line printer.
Q =0 . =. Initialize Q to zero ,=. no absorption,
= T .=. Calculated Q for Gaussian distribution.
=2 .=. Read in value of Q.

IRUN . =.  Run number.

ITAP3 . =. Logical device number for TAPE3,

ITAP4 . =. Logical device number for TAPE4,

ITYPE .=, Printing out on operators terminal (if possible),

Logical device number,

1U =0 .=, Initialize U (temp) to zero.
=1 . =. Read in initial value of U.
I1 .=. Punch and print F1, F2, and parameters. Control for
3 output.
12 - .=. Print TAU, LMDA, MU, NN, NO, ICNT, ICNTR,

Control for output.

13 .= Print KK, A, B, C, D, UPRIM . =, Initialize values of
., USTAR, etc. TRIDAG debug,

Print U and Q after initial data read~in or computed.




Table 3

. Glossary of Variable Names (Cont. )

15
16
17

JJ

KK, KS, L
LMDA

MI
MS
MU
M1
M2

NF
NFF
NI
NMX
NN
NS
NSEQ
NO
N1

N2

PARAM(D)

Q(, J)

Print I, J, UFIN(], J, K).

Punch UFIN and parameters.

Print I, J, U(I, J) on half increment shifted lattice.
Indexing variable.

Varies with J for indexing.

Indexing variable ., =. see cross reference.
Indexing variables,

A = At(Ap) . =. Special parameter,

p-net length ,=, M+« Ap =1 “py-

Step size for output do-loop .=, p-direction,
Number of given data points.

B = Arr/(Ac)2 :

M+1, Loop indexing variable,

M1+1. Loop indexing variable,

Special parameter .=, Count of Tau increments.
Number of time intervals,

Duplicate storage for NF,

Step size for output do-loup .=, zed direction,
Nmax’

n.

Number of Spline Interpolated arguments,
Sequencing index for punched card output.
Delta Tau doubling count,

N+1,

N1+1.

Basic program parameters, REAL, see equivalence
statements.

Source distribution.

ot S v
i i




Table 3.

Glossary of Variable Names (Cont.)

QQ
QUA(
Q0
REX
RFIN(D)
RHO(I)
RHO1
RHO12
RI

RJ

RM

RN
RNN

RNO

RRR(I)
SIG
SIG2
SS1(1)
SSs2(1)
TAU
TAUMX
TFIN

U(I, J)

UCARD
UFIN(I, J, K)

JJ .=. RJ/2,

SIG squared.

Working variable used in do-loop for Q(I, J).

Values of integral SS from X(I) to X(N).

Control parameter for calculation of Q(I, J) in GAUSS.
RNN/RNO, "

Even R-Lattice point coordinates.

Half-interval shifted,

Py

1-p 1

11,

M.
N.

Real representation of NN to avoid mixed mode in Delta
Tau calculation,

Real representation of NO to avoid mixed mode in Delta
Tau calculation,

RFIN(I).

Variance of Gaussian beam intensity dist.

First derivatives of U.

Second derivatives of U. .
Nondimensional time ,=. 7.
Maximum tau to be computed . =, (FNE

Array of r-values for which we take printed or punched
output.

Array of nondimensional temperatures on RHO-ZED
lattice.

UFIN buffer for card and line printer output.

U on RFIN-ZFIN lattice at Kth time,
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Table 3. Glossary of Variable Names (Cont. )

UPRIM(I) .=. Storage of results of solutions to tridiagonal equations,

USPLN(I) .=, Temporary work space used between Rho-splining and
Zed-splining,

USTAR(I, J) .=, Intermediate temperature distribution in I, A, D, method.

uo .=. U(1,J). For uniform initial temperature option,

v .=, Computed solution vectors in TRIDAG.

X(1) .=, Array of strictly increasing abscissa.

XR(I) .=, RHO(I).

XX .=. Work space for desired abscissas.

XZ(T) .=. RHO protection.

YU(D) .=. UFIN(, J).

ZED(I) .=. Nondimensional axial coordinate {[cm]} .=. Z/A,

ZED1 .=. Lower Zed boundary . =, €
ZED12 e= 89 =8
ZFIN(I) . =. Lattice coordinates that land on boundary instead of half

shifted position, Used for CYLTMP Algorithm,

VA .= Jd.

ZZZ(1) ZFIN(I).
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data when the program is "batched." The data which is obtained through
GETDATA is stored in array DATAIN as an n by 3 array, where n is the maximum
number of data to be inputted, Each datum consists of three parts (hence n x 3),
which is herein referred to as VALUE, NAME, and FORMAT. VALUE is the
numerical or character string value which will be stored for the datum; NAME is
a character string (up to ten characters) by which the datu:u may be identified.
FORMAT is a code number (-1, 0, or 1) which is used to iadicate that the datum is
to be interpreted respectively as: character string, inteper, or real (floating
point) number. '

The first three data required b'y GETDATA are not part of DATAIN, but are
used to control the operaition of GETDATA. In INTERCOM mode each of these
three data are preceded by questions as follows:

1) READ DATA FILE -n ?-. (n is the file number)

2) DEFAULTS LISTED >-

3) NAME-VALUE MODE 7-

The input data is either YES or NO (the default is NO). If the answer to 1) is
YES, then array DATAIN is filled from the first record on TAPE-n. Normally,

' DATAIN should be filled with defaults in the calling program, These default

values will then be replaced by new "default' values obtained from TAPE-n,
If the answer to 2) is YES, then the default DATAIN is printed out in the form:

NAME=VALUE.

FORMAT is indicated by the form in which VALUE is printed. Integers are
numerical values with no decimal point; floating point numbers are printed with a
decimal point and possibly an exponent. Character strings are indicated by single
qﬁotes. The default values are listed in the order in which they are stored in
DATAIN.

If the answer to question 3) is YES, then the NAME-VALUE input-mode is
used to input data; otherwise, the LIST mode is used. These two input modes are
described in detail below.

After these "control" data have been inputted, the DATAIN data are inputted.

8.8,4.2 List Mode

In the LIST mode, GETDATA starts out by printing the first NAME in DATAIN
and then waits for the opf:'i'ator to type the VALUE to be assigned to NAME, Simi-
larly, it sequences up go the last NAME in DATAIN, and then prints out a message
""data input complete, Y after the last VALUE in the sequence has been given by the

" Ycarriage

operator. The oper;i.tor defaults a value by punching the '"space,
return' keys (denoted below as SP, CR, respectively). If at any time the operator

realizes that an e_,z"';ror has been made in typing any preceding VALUE (not just the
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current one), it may be corrected by typing $§, CR. This causes a shift to the
NAME-VALUE mode, under which both the VALUE and NAME must be given by
the operator. By this means, VALUES which were assigned earlier in the
sequence can be changed. After the correct name and value have been given by

the operator, the LIST mode continues where it left off. For example, if the
NAME, OPERATOR was listed and the operator had typed $ next to this NAME,
the same NAME would be typed again upon return from the NAME-VALUE mode.
It might be noted that if a VALUE has been typed (and not signaled with $) which
is incompatible with the FORMAT to be associated with that value, then the sub-
routine automatically goes into the NAME-VALUE mode after typing the message:
"wrong data type~try again." '

The NAME-VALUE mode has the feature of terminating input, whenever SP,
CR are typed, when the program is waiting for a new NAME, VALUE pair. Thus,
it may be convenient to terminate inputting when in the LIST mode, by typing4$,
then SP, CR after the NAME-VALUE mode has been initiated. '

8.8.4.3 Name-Value Mode

In this mode, the program first types out the words "name" (6 blanks)
"value,.....'", and then waits expectantly with the type head directly under the
"n' of "name." The operator must then type the NAME and corresponding VALUE,
with the VALUE starting under or after the '"v'"' of "value." The',,...'" after
"value" indicate the maximum field for inputting numerical data. If the operator
types a NAME which is unrecognizable, the message "try again' is typed, followed
by another "name' (6 blanks) value,....". A mistake is corrected by merely
typing the NAME of the datum to be corrected followed by its correct VALUE.

(If a format mistake has been made--see LIST MODE--then the message "wrong
data type~try again" is printed indicating that the name-value should be retyped.
The ""name value....." header is printed only once (or every time an unrecog-
nizable NAME has been inputted) since thereafter it is easy to start NAME and
VALUES in the correct positions. (The typehead is always placed under ''n" when
new data is expected,)

Data input is terminated by typing SP, CR whenever the typehead is under the
"n'"' column of the header.

The field width for all data is ten. Speciflically, integers (format=0) are read
under 110 format; reals (format=1) are read under E10.0 format, Character
strings (format=-1) are read under A10 format, but up to 60 characters may be
inputted "'at once" provided contiguous space in DATAIN has been provided for
them. For example, suppose that DATAIN(10, 2), DATAIN(11, 2), DATAIN(12, 2)
are given the NAMES XTITLE(1), XTITLE(2), XTITLE(3), respectively (implying
that space for up to 30 "XTITLE" characters has been provided for), then the
entire "XTITLE" could be inputted as follows:
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NAME VALUE.....
XTITLE(1) DISTANCE ALONG X-AXIS (INCHES)

In the LIST MODE it is also possible to input six numerical data values at
"one time." This should only be done when the job is "batched,' in which case
six data values may be placed on one card, each one occupying a 10-column field.
Data which is not to be changed should be replaced by blanks. All or some of the
data may be defaulted by using an end-of-record card after the last data to be
inputted, causing GETDATA to return to the program or subroutine, If no data is
included in the input file a call to GETDATA will have no effect (default DATAIN
as provided by the calling program will be used), except the end~of-file indicator
INDIC will be set to 1.

GETDATA has a special ""gimmick' in that if it is called with a value of INDIC
other than 0, it may be used to input a single datum in the LIST mode. To be
used in this mode, INDIC should be set equal to the location in DATAIN of the
value desired, for example, 50 for DATAIN (50, 1),

According to standard Fortran practice, trailing blanks (of numerical values)

are treated as zeros. For example, 10E1 would be interpreted as 10E1pppp (that
is, 101%9%0) 304 1 would be interpreted as 1PKEPBBEEY (that is, 1 X 10°). GETDATA
calls a subroutine (RJUST) which removes all trailing blanks from numerical (but

not character string) data so that trailing blanks are not treated as zeros.
8.8.4.4 Entry-Parameter List:

SUBROUTINE GETDATA (DATAIN, NV, IIN, IOUT1, IOUT2, IIN1, ISIZE,
ISIZET, INDIC) Parameters:

DATAIN - 3 dimensional array of values, names and formats.

NV - amount of data to be inputted.

IIN - input file number for GETDATA.

IOUT1 - "interactive" (primary) output file for GETDATA.

IOUT2 - secondary output file (stores formatted names and values which are
returned by GETDATA).

IIN1 - "gcratch" input/output file for reading in "default” values of
DATAIN and outputting DATAIN as modified by GETDATA.
(Unformatted i/o).

ISIZE - DATAIN is assumed to be dimensioned (ISIZE, 3) in the calling pro-
gram. It is the size of the first dimension of DATAIN.

ISIZET - 3* ISIZE,




INDIC - an end of file indicator. A value of 1 is returned if an end-of-file
on input oceurs. If INDIC is given a value other than 0 in the call-
ing program, GETDATA will go into the LIST mode to obtain
DATAIN (INDIC-).

When operating under INTERCOM, files IIN and IOUT1 should be "connected."
The storage required for GETDATA plus its two required subroutines RJUST
and SSWTCH is 266 words.

8.8.4.5 Algorithm

All data "cards" are read using 6A10 format, If the first word is blank, then
the subroutine goes to the next "card" (LIST-mode) or terminates (NAME-VALUE
mode). In the LIST mode, fields are searched for the first blank field, upon
which the next "card" is read. In NAME-VALUE mode, the search is made only
if the FORMAT code for the datum is -1, indicating a possible character string
greater than 10 characters. In LIST mode, a search is made of each field to see
if $ occurs using AFCRL subroutine MXGETX. If it does, a jump is made to the
NAME-VALUE mode of input. All values which are to be interpreted as numbers
(integer or real) have their character string representations right adjusted using
PML subroutine RIUST. The conversion from character string to coded number
is done with the DECODE statement using the appropriate format (110, E10.0, or
A10).

The CDC subroutine ERRSET is called in case of a bad format. A bad format
causes a jump to NAME VALUE mode of input.

8.8.4.6 Special Caution and Features

There are three different formats recognized by GETDATA: floating point
(E10. 0), integer (110), and character string (6A 10).

These formats are given the codes 1, 0, -1, respectively. The E10. 0 format
converts any decimal number which can be "sensibly'' written as a string of ten or
less characters into CDC6600 floating point number representation. Examples of
permissible character strings are:

328.5678E4

328.5678+4 (the E may be omitted)

3285674,

3285678 (a decimal point is not necessary)

-5, 77E-10

Specifically, a floating point number may be written with or without an expo-

nent (which may be indicated by the letter E followed by a signed or unsigned inte-

ger OR a signed integer). It may or may not have a decimal point, Blanks are
ignored.




The I10 format converts any decimal integer which can be written as a
sequence of 10 or less characters from the set [+, -,0,...,9] into a CDC6600
integer. Trailing, as well as leading blanks within the field are effectively
ignored. This is convenient since it is easier to input 1 for ingtance, as opposed
to PPYBBBPBKEL or 0000000001, Note, however, that 3Pp2 would be interpreted as
3002, that is, intermediate blanks are considered to be zeros. (Note that an all
blank field is NOT equivalent to 0 for GETDATA.)

The 6A10 format allows character strings of up to 60 characters to be inputted
"at once." However, one must make sure that sufficient space has been provided
to receive character strings of length greater than 10, since each computer word
holds a maximum of 10 characters. Any of the 64 characters listed in Appendix A
of the CDC Fortran Extended Manual (more or less equivalent to the set on an
INTERCOM teletype terminal) are permissible characters in the string. However,A
the character $ has special significance, When operating in the LIST mode, its
appearance signifies that a mistake has been made in inputting some value, and
the subroutine temporarily reverts to the NAME-VALUE mode, In this mode, $
has no special significance and is accepted as a legitimate character,

GETDATA assumes that DATAIN has been filled with default VALUES, as
well as with the desired NAMES and FORMATS. This initialization of DATAIN
can be done by the calling program OR by GETDATA itself, by reading in a
DATAIN record from file IIN1,

It is usually convenient to equivalence DATAIN to a block of variables in the
calling program. This simplifies subsequent handling of the values returned by
GETDATA to the calling program,

GETDATA also prints out the following error messages to aid the programmer:

i) "try again" Occurs when in the NAME-VALUE
A mode and an unrecognizable NAME

is given.

ii) "file n is empty" Occurs when an attempt is made to
fill DATAIN from an empty file,

iii) "wrong data type - try again" Occurs when a bad format is given for

the datum.
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9. TIKIRK PROGRAM

9.1 Introductory Remarks

The principal objective of the TIKIRK program is to compute the Kirchhoff
intensity function, as given in Eqs. (23) or (28), Volume I. Before this can be
accomplished, however, the file TAPE3 containing the nondimensional tempera-
ture w versus nondimensional time 7, as outputted by program TEMP5, must be
available, Besides providing the nondimensional mean temperature distributions
F1 and F2 mentioned previously, this file also provides as the first record an
array of constants which are required to dimensionalize the data into real tem-
perature versus real time (cf, Sections 3, 4, and 5 of Volume I and Table 2 of

Volume 1I). For a more complete description of this file, see Section 9. 5.

9.2 Program Options

The TIKIRK program has been set up to operate under two different options;
each one being brought into play by an appropriate choice of the parameter 12 in
TEMPS5 (see Table 2)., The first option uses subroutine IKIRK, which calculates
the intensity I as a function of space and time for a Gaussian source term. It
does so using a 24-point Gaussian integration routine. It is the option that would
be used under most circumstances. The second option constitutes a special test
case. A subroutine called IKIRKP is used to evaluate the intensity functions on
either one of the two mutually orthogonal axes going through the Gaussian focal
point for the special case of a window having a uniform mean temperature.

Allowing the control parameter 12 in the TEMP5 program to remain equal to
its default value of 2, causes the first option to be utilized, while setting I2=1
brings the second option into play.

Since the form of numerical quadrature employed in option #1 may not be
accurate for all parameter values which occur in practice, a third option, which
uses a subroutine called IKIRK1, is also available. This program is highly accu-
rate (because its integration methods are more exact), but it is extremely slow.
It should be used for relatively small ranges of the space-time variables, for !

example, as a ''spot check" for IKIRK.

9.3 Principal Functions and Subroutines

The TIKIRK program requires that various operations, such as integration,
interpolation, Bessel function computation, etc., be carried out during the process
of its execution. These operations are performed by various function subprograms

A

and subroutines. The names of these functions and subroutines are listed below,

together with their principal tasks:
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(1) TIKIRK - the main program which calls the other subroutines and sub-
programs into execution. It also acts as the input /output inter-
face for the main real functions IKIRK, IKIRKP and IKIRK1
(see below).

(2) IKIRK - the main real function for option #1.

(3) PHI - the function which computes 3 9.

(4), (5) JO and J1 - real functions; compute Jo(p v) and Jl(pV)’ respectively.

(6) RTAPE3 - subroutine; reads and linearly interpolates (in time) tempera-
ture values from TEMPS5. It also linearly interpolates in time
and then outputs the dimensionalized window temperature
function in a form suitable for plotting via program DISPLAY.

(7), (8) ALI and ATSE - interpolation subroutines for PHI. ALI uses the

Aitken-Lagrange method.

(9) DQG24A - subroutine; computes x-values for Gaussian integration.

(10) DQG24B - subroutine; does Gaussian integration.

(11) IKIRKP - the main real function for option #2,

(12) COMPUTE - subroutine; computes the approximations to the integrals

which are used in option IKIRKP.

(13) JI - a real function which computes moments of Bessel functions.

(14), (15) BESJF and BESJ - a function and a subroutine, respectively, which

compute the Bessel function for a given argument
and order.
(16) GETDATA - a subroutine for interactively inputting data.
(17), (18) SSWTCH and RJUST - subroutine used by GETDATA. (See Sectidns
8.7 and 8. 8 for more detailed explanations of
GETDATA, SSWTCH and RJUST.) The listings
for these two subroutines have already been
given in Appendices A.8 and A, 9.

(19) PRT - printed output subroutine,

All three options mentioned above use the same "core package' of the follow-
ing function subprograms and subroutines in their execution: TIKIRK, PHI, JO,
Ji, RTAPE3, ALI, ATSE, GETDATA, SSWTCH, RJUST and PRT. In addition to
these, option #1 uses IKIRK plus the subroutines DQG24A and DQG24B, while
option #2 utilizes IKIRKP plus COMPUTE, JI, BESJF and BESJ.

We have given this entire package of 19 main programs, subroutines, etc.,

constituting the TIKIRK program for options #1 and #2 only, the permanent file
name (PFN) of TIBX, .
The complete Fortran listings for each of the above function subprograms and

subroutines are given in Appendix B,
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9.4 [nputling the Data
After program TEMPS has been executed, output file TAPE3 has been pro-

duced and the TIKIRK program attached, various program control data and con-
stants pertaining to the calculation of the intensity function must be inputted,
regardless of the option desired. A list of these data is given in Table 4. (The
array containing this information is called DATAIN1 in the TIKIRK program.)
The column headings are identical with those of Table 2, except that there is no 2
Useage Code column included here. Their meanings are cited in a footnote in the
table.
The total ""load" storage required for the TIKIRK program is 56133 B words. -
(The program will operate with a core memory of 60K.) Single precision is used
for most calculations. In fact, a comparison of IKIRK and IKIRKP indicates
agreement to 4 significant figures.
Since the maximum number of sample "v-values' is 100, then MP should be
<100, If more sample values are required, then array BUF should be dimensioned
accordingly. Producing the full array of 100 X 100 function values takes 327 cpu

secs (with OPT=1).

9.5 Program Files
The TIKIRK program depends on unformatted output from the TEMPS program
and requires up to 6 files, The names of the files used are (in the order they

appear in the program statement):

TAPE4 - "Interactive' input file for inputting data via GETDATA. 1t is used
for formatted read and must be set to INPUT for batch operation,

TAPE5 - '"Interactive output file for outputting messages from GETDATA and
and for outputting a small amount of program flow information.

TAPE3 - Unformatted file outputted by TEMP5. This file, among other
things, contains the mean temperature distribution functions F1
and F2 required by IKIRK and IKiRKP. In addition, the first record
is the 100 by 3 array referred to as DATAIN containing various
constants required by TIKIRK and contained in Table 2. The follow-

ing temperature records are assumed to be of the form:
NF, TFIN, RFIN(82), ZFIN(22), UFIN(82, 22), F1(82), F2(82)

Unformatted file containing the intensity distribution function in a
form suitable for DISPLAY. The first two records are the 100 by 3
data arrays DATAIN and DATAIN1, the contents of which contain
all pertinent program parameters as well as labeling information
for DISPLAY., All subsequent records are of the form:

TAPET




Rl o

172 S I sty

Adder A am

Table 4, Progfam Control Data and Constants Pertaining to the Calculation of

the Intensity Function.

The column headings are identical with those of Table 2,

except that there is no Useage Code column included here,.

(1) (2) (3) (4) (5) (6)
Seq. Datum  Variable Default Format

No. Name Name Value Code Description

1 X0 X0 1500. 1 Gaussian focus Xo (meters).

2 X1 X1 1600, 1 Minimum X-value (meters).

3 X2 X2 2000, 1 Maximum X-value (meters},

4 RHOP1 RHOPI 0. 1 Minimum p'-value (cm),

5 RHOP2 RHOP2 2 1 Maximum p'-value (cm).

6 MP MP 100 0 To calculate J values of
intensity along the p' (or v)
axis, where J = any integer,
and have each calculation
spaced by pl,,/J (or
Vmax/J) units, set
MP=J+ 1,

7 NP NP 100 0 To calculate K values of

: intensity along the X (or u)
axis, where K = any inte-
ger, and have each calcula-
tion spaced by (X, 55 -
Xmin)/K [or, (Umax - Umin)
/II{T} units, set NP = K+ 1,

8 T1 TIM(1) 10. 1 Array of time values for

’ function evaluation (sec-

9 T2 TIM(2) -1 i onds). Note that if
ti+1 < tj then the program

= = = - = stops. Never set T1 = 0;
use some small number

17 T10 TIM(10) -1 1 instead, e.g., 1E-5,

18 EPSI EPSI . 001 1 Used by IBM Seci. Sub. ALI
in interpolation of tI)p, &,

19 MINT MINT 6 0 Used by IBM Sci. Sub. ALI
and ATSE iré interpolation
of ° and Y, MINT is the
number of points used in
the interpolation.

20 IPRNT IPRINT 1 0 Use 1 for controlling debug
output. Use 2 when produc-
ing a TAPES file for plotting
purposes.

21 NGAUS NGAUS 24 0 Number of points for Gaus-

sian integration, Note that
this number should be
changed if and only if the
Gaussian integration sub-
routine is changed.
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Table 4. Program Control Data and Constants Pertaining to the Calculation of
the Intensity Function. The column headings are identical with those of Table 2,
except that there is no Useage Code column included here. (Cont.)

(1) (2) (3) (4) (5) (6)
Seq. Datum  Variable Default Format
No. Name Name Value Code Description

22 MODE MODE 2 0 Use 1 if you want UI(X, p?, t). =
Use 2 if you want I'(u, v, t). :
(See Egs. (28) and (23)).

23 UMIN UMIN -40, 1 Minimum u-value, -
24 UMAX UMAX 40. 1 Maximum u-value,

25 VMIN VMIN 0. 1 Minimum v-value,

26 VMAX VMAX 10. 1 Maximum v-value,

27 ST1 - Kirchhoff -1 "Surface' title (see

to 2,3,4,5 intensity DISPLAY).

31 function

32 PTI - Time -1 "Parameter'" title (see
to 2,3,4,5 (seconds) DISPLAY).

37 XTI - Nondimen- -1 "X-axis'" title (see

to 2 35145 sional radial DISPLAY and note below).
41 distance, V

42 YTI - Nondimen- -1 "Y -axis'" title (see

to 2RI () 35 sional axial DISPLAY and note below),
46 distance, U

47 MSKIP - 5 0 Of the J values of intensity

calculated along the p' (or
v) axis (see MP), every
MSKIP-th value will be
printed out.

48 NSKIP

]
o
o

Of the K values of intensity
calculated along the X (or u)
axis (see NP), every
NSKIP-th value will be
printed out.

NOTE: If mode = 1, then the above x, y-titles are replaced by '"radial distance,
rho-prime (cm)"' and ''axial distance, X (relative to gauss focus) (cm),'" respec-
tively. :

N.B. 0 means "zero; o means "oh".
Explanation of Columns 4

(1) The sequence number of the datum stored in array DATAIN1,

(2) Same as in Table 2,

(3) The symbolic name used in the TIKIRK program. A blank variable name means ]
that that part of DATAIN1 has not been equivalenced to another variable, g

{4) Same as Table 2, .

(5} Same as Table 2,
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I, NP, U, T, MP, XMIN, XMAX, (MP intensity values)

where

I =1,....NP for each value of time, ay

NP = number of axial points
= axial distance (either u or x depending on mode)
= dimensionalized time

MP = number of radial points

XMIN = minimum radial distance (either VMIN or RHOP1

depending on mode)

XMAX = maximum radial distance (either VMAX or RHOP2

depending on mode)

TAPES - Unformatted file containing the temperature distribution function
in a form suitable for display. The first record contains the 100
by 3 data array DATAIN. All subsequent records have the same
form as that listed above for TAPET except:

U = distance along window axis (cm)
XMIN = inner window radius (usually 0)
XMAX = outer window radius

(MP temperature values)

TAPE6 < Formatted “output" file, This file contains output suitable for

printing in the following sequence:

1) Contents of DATAIN

2) Contents of DATAINI1

3) Array of x-values used for Gaussian integration (if IPRNT=1 and
IKIRK is called),

4) 1, U, XMIN, XMAZX, T every rP 1 value
Intensity (I, J), J=1, MP, 5 if IPRNT=1

9.6 Implementing the Program
9,6.1 GENERAL INSTRUCTIONS

All of the TIKIRK data listed on Table 4 are inputted by two calls to subroutine
GETDATA, regardless of the option desired. Normally, in the first call to
GETDATA the required data (viz, the first DATAIN array) are obtained from file
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TAPE3 by answering "yes" to the query READ DATA FILE-3? Then no changes
are made to these data by returning a "space" in the "name value' mode of
inputting data. On the second call to GETDATA, the operator always answers
"no" to the query READ DATA FILE-T7? and "yes" to the query NAME-VALUE
MODE 2 At this point he enters the names and values of all of the input data whose

numerical values differ from the default values as shown in Table 4.

The above information is sufficient for inputting the data when using the first —_—
option (that is, IKIRK), However, for those circumstances in which options #2 or G
#3 are desired, additional instructions are required and will be discussed in the
next two sections.

Typical detailed commands which can be used to run all of the programs in
both the Intercom and Batch modes are listed in various Attachments after Section
11. The "A" aitachments pertain to full system operation in the Intercom mode;
the "B" attachments exhibit typical control deck setups used to operate the system
in the Batch mode,

Attachment 1 shows how to initiate and run a typical TEMP5- and TIKIRK~
type calculation, catalog the results on permanent file and then print out these
results. If a TEMP5 calculation has already been made and cataloged, Attachment
2 reveals how to change a few of the input variables so that a new temperature dis-
tribution may be obtained. If the TEMPS5 calculation has been completed and
cataloged, Attachment 3 indicates how to make changes in the TIKIRK parameters
so that-either a different portion of the former diffraction pattern or a completely
new diffraction pattern will be produced with each change. Attachment 4 lists the
commands recegsary to produce the file, called TAPES, which contains the tem-
perature distribution in the window. This file is required in order to plot the
temperatures.

Throughout all of the attachments, PFN stands for ''permanent file name" and

LFN for "logical file name,"

1 9.6,2 SPECIAL INSTRUCTIONS FOR IKIRKP OPTION
g Ths
As mentioned previously, the IKIRKP option will be employed when 12=1 in

; !. TEMTI'5. It then calculates the intensities along either the X- or the p'-axes if

'Il MODE is set equal to 1, or, along either the u~ or the v-axes if MODE=2, The

: : choice of the value for MODE is made, of course, atthe second call to GETDATA .
) when inputting the data for the TIKIRK program. Specifically, IKIRKP assumes

that the window temperature is constant throughout and that it may or may not be

;i a function of time, This assumption considerably simplifies the integrations -
“ delineated in Eq. (23), Volume I, which lead to the intensity function. The details

1 of the mathematics leading to the evaluation of I'(u, 0, t) and I'(0, v, t) are enumer-

| ated in Appendix C.
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In addition to this choice of 12, a few other input parameters in TEMP5 must
be fixed to assure that all of the conditions imp®sed on the window are properly
accounted for, If therwindow temperature is to remain fixed with time (implying
that there is no source), the IQ must be set to zero and UO to the appropriate
temperature. Also, all HI1(I) must equal zero, otherwise, if the window tempera-
ture is allowed to vary with time, then IQ must be set equal to 1, U0 to the appro-
priate initial temperature and all H1(I) to zero. Furthermore, the numerical
value of ¢ must be =0, 601 (corresponding to o < 0. 8325), otherwise, the message
"o % 2 is out of range" will be outputted. The reason for this restriction on o is
given in Appendix C.

In Table 5 we list the values that should be used for certain TIKIRK input
parameters whenever IKIRKP is employed.

Table 5. Values Used for Certain TIKIRK Input Parameters Whenever IKIRKP
is Employed.

MODE Intensity Function Wanted MP NP X1 X2 RHOP2
1 (X, 0, t) 1 % % * i
10, p", t) s 1 |%0] 4

MODE Intensity Function Wanted MP NP UMIN UMAX VMAX
2 I'(u, 0, t) 1 % * * Z

10, v, t) # 1 0 &

*Means that operator should insert whatever value he desires.

-Means that that particular parameter is of no consequence,

The commands listed in the attachments apply equally as well to the IKIRKP
option. The only responses which the operator will change will be those special

values of the input parameters discussed above.

9.7 The IKIRK1 Option and an Alternate TIKIRK Package

The IKIRK1 option #3 is not contained in the TIKIRK program as described in
Sections 9.1 through 9. 6. However, a second TIKIRK program package has been
assembled which not only offers option #3 but incorporates #1 and #2 as well.
Thus, it can be substituted for the original program, if desired. This package
consists essentially of four parts, each one to be stored in the computer under its

own PFN. The first part contains a main program, also called TIKIRK, plus those
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function subprograms and subroutines making up the "core package' listed in
Section 9.3 (viz, PHI, JO, J1, RTAPES, ALI, ATSE, GETDATA, SSWTCH,
RJUST and PRT). This "core package' will be utilized by the last three parts.
The main program, called TIKIRK, is a slightly modified form of the main pro-
gram TIKIRK first introduced in Section 8.3. As before, its principal role is to
call the other subroutines and subprograms into execution.  Since this first part
would play a major role in computing the diffraction pattern of the transmitted
beam and call upon the various options, it too has been given the PFN of TIBX by
us, whenever it has been used.
The next three parts pertain to options #3, #1, and #2 in that order and we
have assigned them their own particular PFN. Each one of these parts includes P!
a major function subroutine which is also given the name IKIRK. The modified
TIKIRK main program mentioned above, summons a given option by putting in a
call to IKIRK. Which IKIRK (and its concomitant subroutines) gets executed
depends upon which one was attached just previous to the call. (It should be noted
that in this alternate TIKIRK package, the control parameter 12 no longer plays
any role in determining which option will be utilized.) This procedure is demon-
strated in Attachment 5, which lists typical control commands for running this
new TIKIRK package under either Intercom or Batch mode of operation:
The second part, as noted above, pertains to option #3 (IKIRK1). Besides its
major function subroutine IKIRK, it contains the following three subroutines:
(1) FREALI1 - computes the products of the functions fwfx and fwfy (see Egs.
23-27, Volume I). It has 4 entry points since actually 4 functions have to be
integrated.
(2) DCADRE - an integration subroutine from the IMSL set of routines. It
requires the external function subroutine FREALL as one of the arguments,
(3) UERTST - required by DCADRE to output error messages.
We have stored this second part under the PFN of IK1BX.
The third part pertains to option #1, which was also referred to as IKIRK in
Sections 9.2-9,6. Besides its major function subroutine, called IKIRK, it contains
the two subroutines DQG24A and DQG24B, mentioned in Section 9.3. To this part,
we have given the PFN of IKBX.
The fourth part contains option #2 (IKIRKP). Besides its major function sub-
routine, called IKIRK, it utilizes the four subroutines COMPUTE, JI, BESJF and i
{ BESJ, previously mentioned in Section 9.3. We have given the PFN of IKPBX to
i this part.
The Fortran listings for the modified TIKIRK program — the three major -
: function subroutines which are each called IKIRK and which lead into each of the :
three options, as well as the subroutines FREAL1, DCADRE and UERTST — are
g given in Appendix D. All of the other subprograms and subroutines mentioned
{ above are the same as those listed in Appendix B.
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It has already been noted that option #3 (IKIRK1) is exceedingly slow. How-
ever, it may be possible to speed it up by increasing the absolute and relative
errors which are presenfly set at 10> and 10-6, respectively. In addition, the
maximum value of the error parameter IER in DCADRE, as well as the maximum
estimated bound on the absolute error in integration, is always printed out.

Whenever the results of IKIRK1 disagree with the results of IKIRK (option #1),

those of the former should be preferred because of its greater inherent accuracy.

10. DISPLAY PROGRAM

10.1 Introductory Remarks

Program DISPLAY is a general purpose program for displaying two-dimen-
sional arrays of numbers which, intuitively at least, can be thought of as a surface
which has been sampled over an evenly spaced grid. The array size is essentially
limited (by computer storage capabilities) to a maximum of 100 by 100; there is

no minimum size other than the practical one that it does not make good sense to
use a program such as this to display a single point. However, it may make sense
to use the program to display one-dimensional arrays; for example, an array of
size 1 by n, As will be explained in detail later, three types of display are offered
b}; the program: contour map, perspective view, and multiple cross sections
(parallel to two rectangular coordinate axes only). Moreover, the program is
designed to display several such arrays at one RUN with the idea in mind that
these arrays répresent the evolution in time (or with some other parameter) of a
function of two variables.

In addition to merely plotting the arrays in one or more of the above mentioned
forms, this program labels all plots (provided the labeling information is furnished)
and lists pertinent experimental parameters (if desired), Most of this labeling
information is supplied in one or more data arrays, the structure of which has been
described in DATAIN (see Section 8,8). The rest of the labeling information is
provided in the records which contain the array rows.

Program control is afforded by a set of input '"commands' which are supplied
by input cards, The program interprets each command, obeys each command,
and terminates when all commands have been followed (or when time runs out),

Before the program is used, it must be somewhat "tailored to fit.," This is
accomplished through the use of a fixed number of input data which must be sup-
plied in entirety. Examples of such data are: plot id, maximum plot size, array
of indices for obtaining labeling information, etc, A complete list of such data is
provided in Section 10. 2,




The program allows for selection of the starting ''time'" and its increment
assuming that the surface to be displayed is a function of "time." ("Time'" may be
any suitable parameter.) A surface cross-section may be displayed as a function

of time on a single coordinate frame.

10.2 General Instructions

The surfaces to be displayed are assumed to be stored on file TAPES in unfor-
matted records where each logical record consists of one "row' of the mp x np
array of floating point numbers representing the surface, In addition, each record
contains the information: row number (I), total number of rows (NP), y-value to
be associated with that row (Y), parameter value (if an'y) to be associated with (T),
number of samples in the row (MP), x-value to be associated with the first element
of the row (XMIN), x-value to be associated with the last element of the row

(XMAX). Specifically, each record must have the form:
I, NP, Y, T, MP, XMIN, XMAX, (F(1, J;T), J=1, MP)

where F(+,.;T) is the function to be displayed. Thus, for each value of the param-
eter T, NP logical records represent one "surface." Several such "surfaces"
corresponding to several values of T may be stored on file TAPE3 and exhibited by
DISPLAY.
In addition to the above mentioned ”surfacés, ' file TAPE3 may contain any
number (including 0) of "information' records, the contents of which include infor-
mation (such as experimental parameters) which should be printed on each plot and
plot titles. Each such information record must be an array (which will be called
here DATAIN) of the form DATAIN(100, 3). Thus, each datum is represented by
three parts called (in the order in which they appear) VALUE, NAME, and
FORMAT. DATAIN is stored in unformatted form, VALUE is the numerical or
character string value of the datum, NAME is a character string of up to ten .
characters which may be used to identify‘fhe datum, while FORMAT is a format
code number (-1, 0 or 1) which specifies whether the datum value is to be inter-
preted as a character string (-1), integer (0), or floating point number (1). (See
GETDATA, Section 8.8.4.)
These DATAIN records (if any) must be the first records on file TAPES.
Titles (if any) must appear only in the last DATAIN record.
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10.3 Data Cards

The following data cards must be inputted to tailor the program for the user's
particular application, The number in parenthesis in front of each datum name is
the card column at which to start the datum. The number in parenthesis following
the datum is the default value of the datum. If the default value is to be used,

leave the corresponding card field blank,

g Data Card #1

(1) XMAX (100.) Maximum plot length in inches,
- (11) YMAX (12.) Maximum plot width in inches.
(21) PPI (10.) Number of points/inch for contours.
(31) TICU (.5) Number of inches between tic-marks ‘for user

defined x-~y plots.

(41) XLEN (10.) x-y plot coordinate frame x-size.

(51) YLEN (8.) x-y plot coordinate frame y-size.
(61) SCALEX (1.) x-y plot x-scale, that is, no. of x-units/
tic-mark,

(71) SCALEY (1.) x-y plot y-scale, that is, no. of y-units/
tic-mark.

Data Card #2

1 XMIN (0.) } The minimum x-value and y-value to be plotted
(11) YMIN (0.) for user-defined x-y coordinate frame x-y plots,
{(21) NAME (GIANINO) User's name to appear on plot.

(31) PROR.NO. (2347) 4-digit user's problem number,

Data Card #3

This card provides information for the two-dimensional array INDEX, which
is the index of locations for labeling information assumed to be containec in the
last DATAIN on the file containing the surfaces to be plotted. INDEX consists of

. pairs of numbers wherein the first number is the starting location of the label and
the second number is the length of the label. If there is no such data, then this
card may be left blank and the labeling will not be done. If the letter D is placed
in column 1 of this card, the default values shown below are used. In addition to
the values of INDEX, the field starting in column 41 should contain the number of
DATAIN arrays on TAPE3.




T T ——_—
(1) INDEX(1, 1) (1) Surface title.
(6) INDEX(1, 2) (30) Surface title length (characters).
(11) INDEX(2, 1) (4) Parameter title.
(18) INDEX(2,2) (30) Parameter title length.
(21) INDEX(3, 1) (7 x-title.
(26)  INDEX(3, 2) (30) x-title length. -
(31) INDEX(4, 1) (10) y-title.
(36) INDEX(4,2)  (30) y-title length. i
41) NDA (2) Number of DATAIN arrays on TAPE3. The

INDEX information is taken from the last
DATAIN array,

We employ the following numerical values on data card #3 for displaying the
intensity (using TAPET) and the temperature (using TAPE8):

for TAPET: 27 29 32 14 37 33 42 32
for TAPES: 72 20 67 13 83 24 88 31 1

Data Cards #4A, 4B, etc.

These cards contain the sequence numbers of data in DATAIN which are to be
listed at the beginning of each run of DISPLAY. The sequence numbers pertaining
to the TEMPS5 parameters have been listed in Table 2, while those pertaining to
the TIKIRK parameters have been listed in Table 4, There must be one card for
each DATAIN array (see the last entry number in data card #3 above)., For exam-
ple, in our particular data card #3 above for the TAPET case, the default value of
2 is implied as the NDA entry, signifying that 2 cards must be used. The first
card contains the sequence numbers of the TEMP5 parameters, while the second )
contains the sequence numbers of the TIKIRK parameters. The objective is to
list both sets of parameters on the plots. In data card #3 above for the TAPES
case, the NDA value of 1 was employed, indicating that only one card is to be
used, viz, that containing the sequence numbers of the TEMP5 parameters which
are to be listed on the plots. '

The sequence numbers start in columns 1,3,5,7,.....for a total of up to 40
indices per card. The default is a blank card. When the default is used, no
DATAIN data is to be listed.

The above cards comprise the mandatory data cards. The remaining cards
are the "command" cards which indicate what kinds of plots are wanted,
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10.4 Cowmmand Cards

As stated previously, the DISPLAY program has the capability of 3 different
types of plots, viz, multiple x~y, perspective view and contour map. Conse-
quently, there is a command to control each type and they are indicated by the
keywords PLOT, PERSPECTIVE and CONTOUR, respectively. The abbreviations
PL, P and C, respectively, may also be used. These keywords are modified by
certain parameters p;. We now enumerate all of the modifying parameters of
these command keywords and their meanings:

(1) Command: PLOT (p;, Py, P3, Py, Ps, Pg)

The parameters Py, Pg, Py and Py are integers. In the process of creating a
TAPE7 or TAPES file, up to ten times had to be chosen at each of which a temper-
ature or an intensity distribution was calculated. These ten times were designated
by the datum names T1, T2, ....,T10 (see Table 4). The first two parameters
in the above command allow for control in selecting which times are to be chosen
in the DISPLAY program, For example, the above command directs that the
appropriate data corresponding to every pl-th time value is to be displayed, start-
ing with the p2-th value (that is, Tp2).

Recall that both the temperature and the intensity can be plotted either as a
function of radial distance or of axial distance. The parameter p3 can account for
either of these two types of plots by taking on the code symbol X when it is a radial
distance plot that is desired, or, the code symbol Y, when the axial distance plot
is wanted.

For a temperature calculation, the TEMP5 program sets up a net of 82 tem-
perature points in the radial direction (r), extending from the inner to the outer
window radius, and 22 temperature points in the axial direction (z), extending from
the entrance to the exit faces. Consequently, there are 22 cross-sectional surfaces
of T versus r (that is, 22 type-X plots) and 82 cross-sectional surfaces of T versus
z (that is, 82 type-Y plots). Thus, depending on the symbol given by P3, the above
PLOT command directs that on one coordinate frame every p4-th T-versus -dis-
tance surface is to be plotted starting with the p5-th surface.

On the other hand, for intensity calculations, the TIKIRK program establishes
a net in the far field consisting of NP intensity points along the axial line (X),
extending from some minimum to some maximum axial distance, and MP intensity
points in the radial direction (p'), starting from the axial line and going perpendic-
ular to it. Consequently, there are NP cross-sectional surfaces of I versus r
(that is, NP type-X plots) and MP cross-sectional surfaces of I versus z (that is,

MP type-Y plots). Again, depending on the symbol given by P3, the PLOT
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command directs that every p4-th I-versus-distance s;(urface is to be plotted on ;
one coordinate frame starting with the ps-th surface. i

The parameter pg can take on any one of the following code symbols: NA,
NAS, NE, NES, DN or DNS. These symbols will be explained in Section 10. 4,
paragraph (4).

The default values for the above 6 parameters are: Py =Py =Py =Pg ~ 1,
p3 = X and Pg = NA.

(2) Command: PERSPECTIVE (p;, Py, P3, Py

The parameters Py and py are the same as in the PLOT command above,

The numerical value Pg is the magnitude of the view angle in degrees, measured
from the plane of the window's exit face, Parameter p, can take on the code
symbols NA or NE only.

The default values are: Py =Py = 1 Py = 45 and Py = NA.

(3) Command: CONTOUR (p;, Py, P3, Py

The parameters Py and py are the same as in the PLOT command above, The
integer P refers to the number of contour levels of constant temperature, or
intensity, that are to be plotted, up to a maximum of 50, Parameter p, can take
on any one of the code symbols NA, NE or DN,

The default values are: Py = Py = 1, Py = 10 and Py = NA.

Note that in the above three commands, parameters are separated by commas.
Missing parameters are indicated by commas (with no blank spaces between
commas), or by a right parenthesis, If the keyword only appears, then default
parameters are assumed.

(4) Meaning of Code Symbols NA, NAS, NE, NES, DN and DNS

The letter N means that the functions to be displayed are first normalized
before being plotted, that is, the transformation

c

zZ —-— (7 - i
~ {(Zmax - zmin) (z - zmin)

{(where z refers to the value of the ordinate) is made, where the value of ¢ = 100
for CONTOUR plots; for PERSPECTIVE plots, it depends on the size of the array
to be displayed. The latter N has a slightly different connotation for X-Y plots,

Here, it means that the array is scaled such that it will fit in a coordinate frame
with nice scale values. The second letter A or E indicates whether the normaliza-

E tion is over all (A) surfaces or whether each (E) surface is normalized separately,

ROy

B« { that is, the zmax, zmin are searched for over all arrays or over each array -
indiv .dually, The letters DN mean don't normalize, that is, do not do the above 9

; “There is a circumstance in which the above meaning for Py does not apply. See
il | Section 10. 4, paragraph (4).




transformation. Note that for PERSPECTIVE displays normalization always
occurs., Therefore, DN should never be used. This is done mainly to force the
plot to remain within the plot paper boundaries. Again, for X-Y plots the conno-
tation is slightly different, in that in this case the user must provide plot scale
values. 4

The letter S indicates that there will be superimposed on a single coordinate
frame many time curves (as chosen by Py and pz) for a given cross-section,
rather than having several cross-sections appear on a single frame for one par-
ticular time. Since the time variable can have as many as 10 values, then there
can be as many as 10 time surfaces, that is, curves, superimposed on one frame,
If it is desired to have one coordinate frame for each value of time that has been
utilized, then the S should be omitted. This situation definitely pertains to
CONTOUR and PERSPECTIVE plots.

When NA or NAS is used, the values assigned to SCALEX, SCALEY on data
card #1 and XMIN, YMIN on data card #2 are ignored, so then the computer
selects values which are more appropriate for the ranges of ordinate and abscissa
involved. When NE or NES is used, the operator must select his own values for

these data.
For X-Y plots, it is recommended that either NA or NAS be used. If NE or
NES is employed instead, the operator should beware of erroneous coordinate

scaling by ensuring that the values for any subsequent maxima and minima do not
exceed those of the initial maximum and minimum, If the S is used in these plots,
then parameter Py has no effect since several surfaces corresponding to several
time values at one cross-section are to be plotted, rather than several cross-
sections for one time value.

If no command card is included, then the default command of PERSPECTIVE
is assumed. Several commands, one per card, may be given for any single run
of the program, For example, a perspective display might be followed by a con-
tour display or several perspective displays from several view angles might be
called for by a sequence of PERSPECTIVE commands.

Typical detailed commands used for running the DISPLAY program in the
Batch mode only are listed in Attachment 6. We do not run this program in the
Intercom mode because usually there is not sufficient space allocated on Intercom
to allow the program to run to completion,

. 10.5 Examples of the Use of the Three Different Plotting Commands

In Section 6 of Volume I, we presented many examples of the three different
kinds of plots that program DISPLAY was capable of generating, listing in the
figure captions the plot commands which controlled the actual plotting of these
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curves, We are now in a position to understand and to analyze how these com-
mands control the graphing.

For example, in Figure 3 the command is PLOT (1, 1, Y, 100, 1, NAS). The
keyword PLOT indicates that a multiple X-Y plot is involved, The first two
parameters (1, 1) mean that every time value available is to be utilized, starting
with time value #1 (that is, T1), In this example, there were 9 time curves used
(T1 through T9), which are shown on the right hand side of the figure. Whether
the curves drawn will represent temperature — or intensity — versus distance
depends on whether the permanent file attached previously to the PLOT command
was a TAPES — or TAPE7 — type file, respectively. For this particular case, it
was a TAPES file, The third parameter (Y) signifies that the abscissa is the axial
distance through the window. The fourth and fifth parameters (100, 1) signify that
every 100th T - versus - z surface is to be plotted, starting with the first (that is,
starting with the surface existing at zero radial distance, which is through the
center of the window). Since there are only 82 T - versus - z surfaces, then
setting p, = 100 can be seen as a ploy for selecting only the first surface (p5 = 1)
to the exclusion of all others. In other words, the selection of any value of Py
greater than 82 would have ensured the same result, The sixth parameter (NAS)
indicates that the normalization is to occur over all surfaces and that all of the (9)
time curves are to be superimposed on one coordinate frame,

In Figures 4 and 5 the same kind of information was desired except that the
T - versus - 7 profiles were to occur at constant radial distances of 15 and 30 ¢m,
respectively, Since these distances represent ~50 percent and ~100 percent of the
radial distance up the window, the parameter py was chosen to be equal to 41 and
81, respectively, (Actually, because of the way the 82 radial positions were
chosen, p5-va1ues of 1, 41 and 81 represent distances of 0, 6 percent, 49.4 percent
and 99. 4 percent up the radial axis, respectively.)

In Figure 6 we wanted to superimpose plots of T - versus - z at the above 3
radial positions at the fixed time of 5 sec, which is the 8th time value. The Py, Py
pair of 4, 8 signifies that every 4th time value is to be plotted, starting with T8,
As above, this is a ploy to select only T8 and to exclude the others, since there
are only 9 times available, Any py > 2 would have produced the same result., The
Py, Py pair of 40, 1 means that every 40th surface is to be plotted, starting with
surface #1. Thus, surfaces #1, 41 and 81 are plotted, Because we want these 3

surfaces, properly normalized, to be superimposed on one coordinate frame at

the one fixed time, we leave off the letter S in the parameter Pg:

Temperature is plotted against radial distance for the same model problem in
Figure 7 (hence, pg = X). Here, we wanted to plot all 21 T - versus - r surfaces
(therefore, Py = Pg = 1} at 1 and 5 sec. (The reason for there being only 21 rather




than 22 surfaces is due to the way we chose the points; the 22nd point falls outside
of the window.) Thus, we choose Py and P, to be 3 and 5, respectively, meaning
that every 3rd time is selected, starting with T5 (=1 sec). As before, dropping

the letter S in parameter p ensures one coordinate frame for each time chosen,

Figures 8 and 9 are examples of T - versus - r temperature plots at approxi-
mately 1/4 and 3/4 of the way through the window (hence, ps = 6 and 16), respec-
tively, Note that setting Py =Py = 1 assures that all times are accounted for and
are superimposed because of the S in Pge Letting Py be greater than 22 (here, 100)
assures that only that one particular surface will be plotted.

Figures 10 and 11 pertain to the annular-shaped window. Setting pg = 11 and
21 results in plots for T - versus - r surfaces through the middle and at the exit
face of the window, respectively.

Figures 12-14 show multiple X-Y plots for inte¢nsity. In Figure 12 we wanted
every time included (hence, Py = Py = 1) of T - versus - axial distance plots (hence,
Py = Y) along the axis (p5 = 1), with no other radial distances included (p4 = 100);
and all of the time curves are to be superimposed (hence, S in p6). In this partic-
ular example, we let MP = 100, Thus, any Py - value =100 would have ensured
that only those surfaces along the axis would be used.

The axial range is covered by NP points; in our particular example, NP = 61.
In Figure 13 we wanted to have superimposed time plots of I - versus - p' (hence,
pg = X) at the center of the axial range only (hence, Py = 100, Pg = 31). At atime
of 3 sec (that is, Py = 7), the Gaussian focal point occurs at a distance of 830 m
along the axis (corresponding to Py = 34). Figure 14 displays the I - versus - p!
graph for this time only.

The plot command for the PERSPECTIVE graphs of Figures 15 and 16 use the
default values. Even though a 3D plot was drawn for all 9 times, only a few repre-
sentative cases are presented here,

For contour plots we wanted the time values of 2 and 8 sec only. Hence,

Py = 3 and p, = 6 in Figures 17 and 18, Twenty contour lines are shown (thus,

Pg = 20)., Since we wanted each one of these contours to be labeled with its dimen-
sioned temperature value, rather than a normalized value, we chose the code sym-
bol DN for p"4.

In summary, we can-say that program DISPLAY is used mainly to provide a
"readable' output of functions of two variables. The PERSPECTIVE plot furnishes
a very good general "view'" of the function in question. CONTOQOUR alsc provides a
good view as well as quantitative knowledge of the function values. PLOT (either
X-cross-sections or Y-cross -sections) supplies the most quantitative output but
usually the least satisfactory overaiﬂl "view' of the function, It should be pointed
out that PLOT can be used for functions of one variable.




10.6 Principal Functions and Subroutines

The various operations associated with the DISPLAY program are carried out
by the following subprograms, subroutines and functions:

(1) DISPLAY - the main program which calls the other subroutines and

functions into execution.
All of the following are subroutines:

(2) PLOTTI - draws and titles coordinate frame., It also does the
scaling, if it isn't supplied by the user,

(3) PARMPLT - prints out parameters at the beginning of each plotting run.

(4) FILL - gelects data from DATAIN and places it in a 2D array
which, in turn, is passed to PARMPLT for brinting.

(5) CFRAME - draws and labels the coordinate frame for contour and
perspective plots. l

(6) INTERP - converts user commands and command parameters to
subroutine control arguments. It also calls subroutine
NUMB to decode parameters.

- used by INTERP to convert display code numbers in the
commands to the proper internal representation of ‘
numbers in the computer,

ARROW - draws the arrow used above the rectangular coordinate
frame in perspective plots. ! '

APLACE - locates arrow-head for perspective view angle.

RD1’ - reads TAPE3 and fills up appropriate arrays to be plotted.

Finds maxima and minima of the surfaces to be plotted,

if necessary.

- returns various equispaced contour levels,

- skips over a designated number of records (that is,
"surfaces') while reading TAPE3. ‘

- a system library program which draws the PERSPECTIVE
plots. It also uses the library subroutines HIDE, DRAW,
SORT and PARFIT. y

CONTOR - a system library program which draws the CONTOUR
plots. It also calls the library subroatines NEIBOR and
FOUR as well as the Calcomp plot subroutines.,

- right adjusts all numericai input data. Its Fortran listing
is given in Appendix A. 9,

- converts a floating point number using a G10.3 format to
a display code.
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The complete Fortran listings for each of the above programs, subroutines

and functions are given in Appendix E.

10.7 Algorithms
10.7.1 MULTIPLE X-Y DISPLAYS

The PLOT display graphs either f(-, yi)(p3 = X) or f(x, * )(p3 = Y) for selected
J values of y; or %; determined by command parameters p, and Pg- Specifically:

i=p5+(k-1)-p4 W =l et e, &

Subroutine PLOTT]1 is called after each "surface" array has been filled by
subroutine RD1. One of two types of coordinate frames are then drawn by PLOTT1
depending on command parameter pg. 1f Pg = NA or NE, the scaling is done by
the Calcomp subroutine SCALE and the coordinate axes are drawn by Calcomp
subroutine AXIS, If Pg = DN, then the user-provided scale is used and the coord-
inate frame is drawn by a set of statements within PL.OTT1.

After the coordinate frame has been drawn, the individual surface '"cross-
sections' represented by f(., yi) or f(xi, .) are plotted as continuous curves. Each

curve is labeled with a symbol and symbol table.
10.7.2 PERSPECTIVE DISPLAY

For perspective displays the surface is always normalized in such a way that
the display will approximately fill the same plot area regardless of the size of the
surface array. The view elevation angle is fixed at approximately 45 degrees
while the view azimuthal angle can be any value (given by the parameter Pg of the
PERSPECTIVE command), To produce a better display, the surface is always
bordered by zeroes.

The complete perspective display is produced by calls from the main program
to four subroutines (which may, in turn, call other subroutines): APLACE, FACE,
CFRAME, and ARROW.

After establishing some display constants, a call is made to APLACE which
returns the point at which to place the head of the view direction arrow. Next, a
surface of constant height is produced and a call made to FACE with a "switch"
positioned such that FACE merely returns values of XMIN, YMIN, DX, DY which

4 will be used on subsequent calls to FACE. The surface is next normalized and a

{ "display frame" is plotted. Because of the difficulty of drawing a coordinate frame
! for a perspective display, a coordinate frame quite similar to that used for the
contour display is drawn adjacent to each perspective display. The only difference
is that an angle of view arrow is drawn on the frame. This frame, then, is
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produced by calls to CFRAME (see Section 10. 7.3 on contour display) followed
by a call to ARROW which plots an arrow at the point found by APLACE. Finally,
FACE is called to produce the perspective display. i

10.7.3 CONTOUR DISPLAY"

The contour display is produced by calls to three subroutines: CLEV,
CFRAME, and CONTOR. Subroutine CLEV returns Py contour levels in array
ZLEVS, evenly spaced between the surface maximum and minimum (but exclusive
of the surface minimum). The surface may or may not be normalized according

to parameter Py

After CLEV has been called, the contour "frame" is drawn by a call to sub-
routine CFRAME. An example of the frame produced by CFRAME is shown

below (small letters indicate numerical or character-string values which are

inserted):
surface title
ALL FUNCTION VALUES HAVE
BEEN SCALED ACCORDING TO -

¢+ (Z - ZMIN)
(ZMAX - ZMIN)

z =>

WHERE ZMAX = zmax

ZMIN zmin
ARE THE MAX., AND MIN.
VALUES OVER ALL SURFACES
or (VALUES OF THE SURFACE)
parameter = value

The contour map is then drawn by a call to CONTOR. Each contour level line
is identified by a unique (mod 13) symbol which is printed next to the contour map
along with the contour level value which the symbol represents.

10.8 Batch and Intercom Modes

Attachment 6 gives a typical set of commands for running the DISPLAY pro-
gram under the Batch mode only. The Intercom mode does not have sufficient
capacity to handle most plotting jobs, since approximately 142,000 octal words
are required in the central memory to run the program (including the plot software).
The program will run under Intercom if the arrays in unlabeled common are
changed from (102, 102) to (22, 22).

Running time of the program is determined by the size of the array to be dis-
played, the number of commands and the command parameters. As an example,
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a 100 by 100 array was displayed with CONTOUR (20 levels), PLOT (10 cross-
sections) and PERSPECTIVE in a total CP time of 82. 8 sec.

10.9 Other Features

Various quantities which might be useful for debugging purposes are outputted

on file TAPE6. These quantities are:

1) XMAX, YMAX, PPI, TICU
é -7 2) XLEN, YLEN, SCALEX, SCALEY
' 3) XMIN, YMIN

4) INDEX (8 integers)

5) NDA (if not 0)

6) IND (four lines of integers representing the locations in DATAIN of data
to be plotted).

7) 4) and 5) repeated for each DATAIN.

8) Command parameters. (Note that the command itself can be inferred

from the form of the parameters.)
9) NP, MP
10) ZMAX, ZMIN, TIM, ZMIN
11) XMAX, YMIN, YMAX, FLAGI (Note: FLAGI is a logical variable which
is "FALSE" if an end-of-file has been reached on file TAPES.)

12) 9) and 10) possibly repeated.
13) XMINF, YMINF, DX, DY (Only for perspective display: these are scale

parameters.)

In addition to the output which comes directly from program DISPLAY, the
subroutine CONTOR (used in contour display) and FACE (used in perspective
display) output various quantities (see subroutine listings).

10.10 Program Files

In addition to OUTPUT, which is used only by the operating system to output
messages, DISPLAY uses files TAPE4, TAPE6 and TAPE3S.

TAPE3: TAPE3 is the main input file containing the surfaces to be displayed
as well as the information records containing titles, etc. All records are unfor-

matted. The file structure is as follows:




record 1:

record 2:

record nda:

record nda+l

record nda+np

last record

datain-1 (100, 3)
datain-2 (100, 3)

datain-nda (100, 3)

row 1 of surface 1

row np of surface 1
row 1 of surface 2

row np of surface 2

row np of surface N

These records may be absent (nda=0)

Each "row" of the surface has a record of the form given in the first para-

graph of Section 10. 2,
TAPE4: TAPEA4 is the "card" input file,
in the first paragraph of Section 10. 3.

It uses formatted data as described

TAPEG: TAPES is the formatted output file for messages and debug quantities.
See Section 10. 8 for a partial listing of TAPEG6 records.

11. OTHER CAPABILITIES

The computer programs described in this report either have been extended, or
are capable of being extended, to various other aspects of the window problem.
For example, a program has been written and successfully implemented in fitting
the theoretical temperature distribution produced by program TEMPS5 to various
experimentally measured temperature distributions. More specifically, the tem-

perature at one or more points on the window's surfaces are measured as a function




of time, as a source is turned on, then off. The theoretical temperature rise and
fall is made to approximate the experimental values by a judicious choice of vari-
ous parameters (such as absorption coefficient, B, and the theoretical boundary
conditions, as given by the hi and g.l) which describe the thermal properties of the
window material, The details of this procedure are contained in Technical
Memorandum No. 16 by T.B. Barrett, Parke Mathematical Labs. (Oct. 1973).
Another phenomenon which could definitely affect the diffraction pattern in the
far field would be multiple internal reflections of the laser beam within the
window. 14 Analysis shows that this condition can be handled effectively if each
exponential term in Egs. (25), (26) and (27) is replaced according to the

prescription:

exp (ikaY) - tlt

o exp {ikeY}/[1 - r 1, exp {2ik(2" + 3V} (87)
in which &7 is still determined by Eq. (18) and the extra phase factor @' is given
by:

®'(p) = nL + ALb(p) . (88)

where ALb is the amount by which the window bulges when heated by the beam,

The t's and r's are amplitude transmission and reflection coefficients, respec-

tively. The subscript 1 refers to the window's entrance face, and 2 to its exit
: =8

face. They are given by Weil:

2/(n+1)
2n/(n+1)
r, = -(n-1)/(n+1) .

Another capability inherent in the program is allowing an axial (that is, 2z)
dependency in the volume heating source term Q. There are two alternate ways
in which this could be effected:

(1) Replace subroutine GAUSS (refer to Appendix A, 5) by another, which is
also to be called GAUSS. This new subroutine is to have the same arguments as
before (see card #7120 in Appendix A, 5). However, now the Q-array will contain

15. Bendow, B., Gianino, P.D., Hordvik, A., and Skolnik, L.H. (1873) Optics
Commun. 7:219; and Skolnik, L.H., Bendow, B., Gianino, P.D., an
Cross, E.F. (1974) AFCRL-TR~74-0085 (III}, p. 967.
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the appropriate z-dependence. The variable hames in the argument are defined in
the glossary in Table 3.

(2) If the Batch mode is to be employed, an alternate procedure would be to
insert the following data cards in the GETDATA stack, Referring to Attachment
1B, use

Q 2
ICARD 4

on line 34, and, after the blank card on line 35 insert the desired Q-array using
format 7F10.3. At present, Q is dimensioned (82, 22),

Other possible extensions of the computer program include:

(1) Temperature dependence of some of the material parameters, such as
refractive index n, thermal conductivity K and thermal lensing parameters S

(2) Multiple layers, or coatings, on the window to eliminate reflections and/
or to compensate the thermal lensing. L6

(3) Time dependence in the volume source term Q,

Trying to account for an angular (that is, ) asymmetry in the beam's cross-
section would not be a feasible extension, for it would necessitate a complete
rewriting of the program, expand{ng it from a Z-dimens.ional to a 3-dimensional

treatment.

16. Bendow B., and Gianino, P.D. (1975) Appl. Optics 14:277; and Bendow, B.,
Gianino, P.D., Flannery, M., and Marburger, "(1975) Proc. of the
Fourth Annual Conf. on Infrared Laser Window Mauemals C.R. Andrews
and C. L. Strecker (Editors), Advanced Research Project Agcy.,
Arlington, Virginia, p. 299,
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10.

11,

12,

13.
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Attachment 1

Commands to Run TEMPS and TIKIRK

Here, the goal is to initiute and run a specified TEMP5 and a TIKIRK cal-
culation, then print out and catalog the results on permanent file (PF). Before
beginning this job, one should have previously stored in the computer the following
two PF's: TEBX (the PFN for the TEMP5 program), and, TIBX (the PFN for the
TIKIRK program described in Sections 6.1 - 6. 6). A third ancillary program,
T3D, whose use is optional, is available to be added to the previous two. Given
the PFN of T3BX, it prints out functions F1 and F2 (see Egs. (16) and (17),
Volume I). The Fortran listing for program T3D is given in Appendix F. Inci-
dentally, the third letter (B) in each of the above PFN's means that the PF is in

binary form.

A. Intercom Commands
The following is a typical set of Intercom commands:

i Line Computer " Operator
:i No. types out. . Response Somments

B

AN 1 COMMAND- ETL(450) Extends time length to

450 octal sec.

COMMAND- CONNECT(TAPE4,TAPES)




o~

Eos
(=

Line Computer Operator
No. types out.. Response

10

11

12

13

14

.....Start of TEMP5 calculation.....

COMMAND- ATTACH(TEB, TEBX,
ID=GIANINO)
COMMAND- TEB

READ DATA FILE-3? N

DEFAULTS LISTED? N
NAME-VA LUE MODE? Y
NAME VALUE,...

BETA . 003
17 1
etc, -

DATA INPUT COM-
PLETE

WORK OF DATINIT
COMPLETE...
WORK OF CYLTMP
COMPLETE...
END OF RUN

EXIT

----CP SECS EXE-
CUTION...

.....TEMP5 Calculation has been completed. ..

COMMAND CONNECT(OUTFUT)

COMMA ND- ATTACH(T3B, T3BX,
ID=GIANINO)

COMMAND- T3B, ,A

END T3D
..CP SECS EXECUTION. .

COMMAND- ROUTE, A,ST=RMT,
FID=GIAAU, DC=PR.

COMMAND- REQUEST(PAT, *PF)

PR TV e DN e RO R T r 5
i b i e e e s e

Comments

TEB is LFN for TEBX.

N=no (because you want 3
to create a new TAPE3)

Customary answer.

Y=yes.

(i) Enter the new TEMP5
variables here. See
Table 2 Volume II,

(ii) The name of the vari-
able starts under N
in NAME; its numeri-
cal value under V in
VALUE,

Lines 10-13 cause Fl and
F2 to be printed out at
remote terminal facility
(AU). They may be
omitted, if desired.

T3B is LFN for T3BX.

A is merely a surrogate
name.

Lines 14-17 create a new
TAPE3-type PF. We
arbitrarily give it the
PFN of T3NX. PAT is
merely a LFN.



Computer Operator

types out. Response EEments

COMMAND- REWIND(TAPE3)
COMMAND- COPY(TAPE3,PAT)

COMMAND- CATALOG(PAT, T3NX,
ID=GIANINO, RP=999)

COMMAND- ROUTE, TAPEG,ST=RMT, Causes the information
FID=GIAAU, DC=PR. on TAPEG6, containing the
TEMPS5 results, to be
printed out at remote
terminal facility (AU).
Also clears TAPES.

(ASIDE: If all that is desired is the temperature distribution in the window, this
would be a convenient place to stop).

.....Start of TIKIRK calculation.....

COMMA ND- ATTACH(TIB, TIBX, TIB is LFN for TIBX.
ID=GIA NINO)

COMMAND- TIB

READ DATA FILE-3? Y Because you want to use
information from the
"new" TAPE3, viz. T3NX.

DEFAULTS LISTED? N

NAME-VALUE MODE?- Y

NAME VALUE... (space, return) Do not enter any value
here; just hit the "space"

and "return" keys.

DATA INPUT COMPLETE

READ DATA FILE-7> N Answer here is always
no .

DEFAULTS LISTED?- N
NAME-VALUE MODE? Y

NAME VALUE... X1 (i) Enter the new TIKIRK
NP variables here. See
- Table 4, Volume II.
- (ii) See Comment (ii) on
- Line 8.

DATA INPUT COM- TIKIRK calculation has
PLETE been completed.
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Operator

Computer
Response

types out. . Comments

NEW VALUE OF TAU

Prints out the 10 values

IS... of TAU corresponding to
- time values T1 through
o T10. See Eq. (13),
2 Volume I,
30 COMMAND- ROUTE, TAPE6,ST=RMT, Routes the TAPE§ infor-
FID=GIAAU,DC=PR, mation, containing the
TIKIRK results, to re-
mote terminal (AU) for
printout.
31 COMMAND- REQUEST(PIT, *PF') Lines 31-34 create a new
TAPET-type PF, We
32 COMMAND- REWIND(TAPET) arbitrarily give it the
PFN of TKX. PIT is
33 COMMAND- COPY(TAPET, PIT) merely a LFN, This new
PF can be used as the
34 COMMAND- CATALOG(PIT, TKX, input in the DISPLAY
ID=GIANINO, RP=999) program for plotting the
intensity.
B. Batch Commands
Card
i, Command Comments
1 Job ID with T=2000, core memory=170K
2 ATTACH(TEB, TEBX, ID=GIANINO)
3 REQUEST(TAPE3, *PF) Assigns TAPE3 to per-
manent file,
4 TEB(INPUT, OUTPUT) Loads and executes TEBX,
5 REWIND(TA PEG)
6 COPY(TAPE6,OQUTPUT) Prints output.
7 CA TALOG(TAPE3,T3NX, ID=GIANINO,RP=999)
8 ATTACH(TIB, TIBX, ID=GIANINO)
9 REQUEST(TAPET", *PF) =
10 REWIND(TA PES8)
11 TIB(INPUT) : ¢
12 REWIND(TA PE6)
13 COPY(TAPEG,OUTPUT)




Command Comments

CA TALOG(TAPET, TKX, ID=GIANINO, RP=999)

EXIT, S. A1l commands after
EXIT,S. are executed if
and only if TEB terminates
abnormally, e.g., exceeds
time limit.

REWIND(TAPES)

COPY(TAPE6, OUTPUT)

CATALOG(TAPE3, T3NX, ID=GIANINO, RP=999)

CA TALOG(TAPE?, TKX, ID=GIANINO, RP=999)

7/8/9 EOR Card.
N

N

Y

Name starts in col. 1;
numerical value starts in
col. 11.

Blank card,

EOR card.

Blank card.

Name starts in col. 1;
numerical value starts in
col. 11,

Blank card.
6/7/8/9 EOF card.
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If only temperature distribution in the window is desired, the above series of

commands would be reduced to the following:

Card

No.

C1
C2
C3
C4
C5
Cé
C1
o}
C9
C1o0
c1
C12
C13
Cl4
C15

C16A
B

C17
C18

Command

Job ID with T=60, corememory=60K
ATTACH(TEB, TEBX, ID=GIANINO)
REQUEST(TAPE3, *PF)

TEB(INPUT, OUTPUT)

REWIND(TA PE6)

COPY(TAPES6, OUTPUT)

CA TALOG(TAPE3, T3NX, ID=GIANINO, RP=999)
EXIT, S.

REWIND(TAPE6)

COPY(TAPEG,OUTPUT)

CA TALOG(TAPE3, T3NX, ID=GIANINO, RP=999)
7/8/9

N

N

i

BETA . 003
L7

(blank card)

6/7/8/9

T e
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Attachment 2

Commands to Modify a Temperature Distribution

Assume that a TEMPS calculation has already been performed and the results
cataloged under the PFN of T3NX (cf.lines 14-17 in Attach. 1A), Further, assume
that one wants to change only a few of the input variables and then calculate a new
temperature distribution. The following commands indicate how the previous
results may be utilized.

A. Intercom Commands

Line Computer Operator
No. types out. . Response dCaiE At
1 COMMAND- ETL(450)
2 COMMAND- CONNECT(TAPE4, TAPES)
3 COMMAND- REWIND(TAPES6) Clears TAPES.
4 COMMAND- REWIND(TAPET) Clears TAPE7".
5  COMMAND- ATTACH(PET, T3NX, Attaches former TAPE3
ID=GIANINO) with LFN of PET,
6 COMMAND- COPY(PET, TAPE3) Copies "former' TAPE3
‘ onto a "new'' TAPE3,
% | d which is given the LFN of
; TAPE3. Thus, the origi-
4 nal file (T3NX) is still
intact and available for
future use.
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Line Computer Operator
No. types out.. Response Comments

7 COMMAND- ATTACH(TEB, TEBX,
ID=GIANINO)

8 COMMAND- TEB
9 READ DATA FILE-3?- N

10 DEFAULTS LISTED?- N »
11 NAME-VALUE MOI?E?- Y

12 NAME VALUE..... : =
-l SIG - o4 y Enter those TEMP5 vari-
PWR 1E7 ables which are to be
- - changed. Also, see

2 =g AL Comment (ii) on Line 8,
- - Attach. 1A,

13 Same as line 9, et seq., Attach. 1A. However, when one gets to the

et equivalent of line 17, Attach. 1A, one should give the new PF a new PFN,
seq. say, T3QX.

B. Batch Commands

Card ' Command Comments
No.

1 Job ID with T=1000, CM=60K

2 ATTACH(PET, T3NX, ID=GIANINO) Attaches old TAPE3.

3 °  REQUEST(TAPE,*PF) If new TAPE3 is to be
permanent.

4 COPY(PET, TAPE3)
5 RETURN(PET) Return if you want to use
: at a later date. Otherwise,
could purge it.

"6 ATTACH(TEB, TEBX, ID=GIANINO)

7 TEB(INPUT, OUTPUT) ‘
3
8 CATALOG(TAPE3, T3QX,ID=GIANINO,RP=999) The new TAPES is given

the PFN of T3QX. E

9 REWIND(TAPES)

COPY(TAPES)

7/8/9 ‘EOR card,
Y

N
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(blank card)

6/7/8/9

PR TISE

Command

Comments

Enter those TEMPS5 vari-
ables which are to be
changed. Also, see com-

.ment on line 34,

Attach., 1B.

EOF card.




Attachment 3

Commands to Recalculate TIKIRK, Given TEMP5 Results

There are certain input variables which will affect the computed spatial
intensity pattern (and possibly even the dimensioned temperature distribution in
-the window), but not the normalized temperature distribution. The irput para-
meters which belong to this category are most of the variables found in Table 4
and those in Table 2 which are accompanied by the code letter K in the Useage
Code column (Col. #6).

As in Attach. 2, we assume that a previous TEMP5 calculation is available
under the PFN of T3NX. Now, we desire to observe the effects which changes in
the above-mentioned variables have on the computed intensity pattern. For each
set of changes made, the TIKIRK program must be executed. The following

gives a representative series of typical commands necessary to implement this

procedure.

A. Intercom Commands

Line Computer Operator

No. types out... Response Comments

1-4 Same as in Attach. 2A.

5 COMMAND- ATTACH(TAPE3, T3NX, Attaches PF with LFN
ID=GIANINO) of TAPE3.
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Line Computer Operator
No. types out... Response Comments

6-21 Repeat lines 19 through 34, inclusive, from Attach. 1A. However, on
line 24 enter the desired TEMPS5 variables, if any, which you want to
change and which do not affect the normalized temperature distribution
in the window. (Note that TEMP5 parameters are being entered at this
stage, even though the TIKIRK program currently has control.)

On line 28 enter only those TIKIRK variables whose magnitudes are to be
different from the default values. o

On line 34 select a different PFN for the new TAPE7-type PF just com-

pleted.
End of TIKIRK calculation.....

If you want to change the variables again and repeat the TIKIRK calculation:

22 COMMAND- TIB

23 Repeat lines 21 through 34, inclusive, from Attach. 1A, subject to the
same comments as noted in line 6 abcve.

Each time the variables are to be changed and the TIKIRK calculation is to be
recomputed, repeat lines 22 and 23 above.

B. Batch Commands

If run as a separate problem, assume that the TEMP5 PF having PFN of T3NX

has already been created.

Card
No. Command

1 Job ID with T=2000, CM=170K

2 ATTACH(TIB, TIBX, ID=GIANINO)

3 ATTACH(TAPE3, T3NX, ID=GIANINO)
4 REQUEST(TAPE"?, *PF)

5 TIB(INPUT)

6 REWIND(TA PE6)

7 COPY(TAPE6, OUTPUT)

8 CA TALOG(TAPE?, TKX, ID=GIANINO)

Plus cards #26-#36, inclusive, of Attach. 1B.




Attachment 4

Commands to Produce a TAPES for Temperature Plots

The temperature distribution information contained on the file called TAPE3
is not in the proper format for plotting purposes. Rather, this information must
be transferred in the appropriate format to another file, called TAPES, which is
suitable for plotting by the DISPLAY program. This attachment gives all of the
commands required to generate and catalog a TAPES file, provided that the tem-
perature results are already on a TAPE3-type PF. We assume that this latter
file has already been created and given the PFN of T3NX.

A, Intercom Commands

Line Computer Operator

No. types out. .. Response Comments

1 COMMAND- ETL(450)
. 2 COMMAND- CONNECT(TAPE4, TAPES)
3 COMMAND- REWIND(TAPES)
3 4 COMMAND- REWIND(TAPET)
5 COMMAND- ATTACH(TAPE3, T3NX,ID=GIANINO)
6 COMMAND-~ ATTACH(TIB, TIBX, ID=GIANINO)
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Line Computer Operator
No. types out. . Response Comments

7  COMMAND- TIB
8 READ DATA FILE=3?- Y ‘
9 DEFAULTS LISTED?- N
10 NAME-VALUE MODE?- Y
11 NAME VALUE.... (space, return)
12 READ DATA FILE-7?- N
13 DEFAULTS LISTED? N
14 NAME-VA LUE MODE?- Y

15 NAME VALUE.....
NP 1 (i) Only the data shown
MP 1 here can be entered. p
IPRNT 2 (ii) See Comment (ii) on
T1 time value line 8, Attach. 1A.
- #1 (in sec) (iii) Only those tempera-
= tures will be plotted
= which correspond to the
- (dimensioned) times E
T10 time value given by T1, T2, etc. iE
#10(in sec) Linear interpolation is '
done, if necessary.
16 COMMAND- REQUEST(DOG, *PF) Lines 16-19 create a
new TAPE8-type PF
17 COMMAND- REWIND(TA PES) whose PFN is TEMPX
and whose LFN is DOG.
18 COMMAND- COPY(TAPES, DOG)

19 COMMAND- CATALOG(DOG, TEMPX, ]
ID=GIANINO, RP=999)

ASIDE: If you want to calculate the diffraction pattern concomitant with the
temperature distribution contained in the permanent file T3NX as
mentioned above, refer to Attach. 3A., starting with line #22.

B. Batch Commands

CI\?J.d Command Comments
1 Job card, T=20,CM=60K
2 ATTACH(TAPE3, T3NX, ID=GIANINO) +

3 REQUEST(TAPES, *PF)

ATTACH(TIB, TIBX, ID=GIA NINO)
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Command

‘TIBINPUT)

CATALOG (TAPES, TEMPX, ID=GIANINO
7/8/9

Y

N

Y.

MP
IPRNT 2

T1 time value #1

T10 time value #10

6/7/8/9

Comments

EOR card.

Blank card.

@

For cards #15-27, see
comments, line 15,
Attach, 4A.

On cards #18-27, all time
values are in seconds.

Blank card.

EOF card.
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Attachment 5

Commands for Running Alternate TIKIRK Program

Assume that the alternate TIKIRK program, introduced in Section 9.7,
Volume II, has been stored in the computer and is available for use, rather than
- the oi‘iginal TIKIRK program (as discussed in Sections 9. 1-9. 6). This alternate
program is also given the PFN of TIBX. Let us further assume that we want to
utilize option #3, which has the PFN of IK1B. The revised commands to run this
alternate program are:

A, Intercom Commands

Line Computer Operator
No. types out.. Response

1-19 Same as Attach, 1A,

Comments

20 COMMAND- ATTACH(IKB, IK1B, IKB is the LFN for this
ID=GIANINO) file.

21 COMMAND- XEQ Indicates the following
commands are loader
S commands.

OPTION = LOAD=TIB, IKB Causes loading of the
: main program TIKIRK
and subroutine IKIRK,
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Line Computer Operator
No. _ types out. . Response Lomments
23 OPTION = EXECUTE=TIKIRK Initiates execution.

23‘,1' Same as lines 21-34, inclusive, Attach. 1A.

The above commands would be the same for the other two options (#1 and 2),
except that on line 20 the appropriate PFN would be entered in place of IK1B.
However, the LFN of IKB must be maintained.

B. Batch Commands.

CNard Command
0. —_—

1 Job card, T=2000, CM=170K
2 ATTACH(TIB, TIBX, ID=GIA NINO)

3 ATTACH(TAPES, T3NX, ID=GIANINO)

4 ATTACH(IKB, IK 1B, ID=GIA NINO)

Gt 1) REQUEST(TAPE7, *PF)

6 LOAD(TIB, IKB)

7 e EXECUTE(TIKIRK)

8 REWIND(TA PES6)

9 COPY(TAPES)

10 CATALOG(TAPE7, TKX, ID=GIANINO, RP=999)
11 7/8/9

12 Y

13 N

14 Y

15 (blank card) I

16 N
N




&

(blank card)
6/7/8/9

L
ey S
A




(1) Intensity Plots

Card

No. Command

1 Job ID, T=300, CM=170000
2 ATTACH(DISB, DISBX, ID=GIA NINO)

3 ATTACH(TAPE3, T7X, ID=GIANINO)

4 ATTACH(PEN, ONLINEPEN)

5 LIBRARY(PEN)
6 LDSET(PRESET=ZERO)
DISB(INPUT)

Botch Commands for Running DISPLAY Program

Let us assume that a TAPET7-type file, having the PFN of T7X and containing
the intensity information to be plotted, has already been created.

Attachment 6

Comments

Attaches the DISPLAY
program, whose PFN is
DISBX and whose LFN is
DISB.

Attaches the permanent
file T7X, using the LFN
of TAPES.

Cards #4-13 control the
plotting process.
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Command

REWIND(TA PE6)
COPY(TAPES)
DISPOSE, PLOT, *OL..
EXIT.
REWIND(TAPESG)
COPY(TAPES)

7/8/9

Data card #1

Data card #2

Data card #3

Data card #4A
Data card #4B

Plot command cards {pne or more)

6/7/8/9

(2) Temperature Plots

Cominents

See Section 10. 3 for
details on data cards.

Use the values pertaining
to TAPET.,

Cards 18A and 18B con-
tain the sequence nos. of
those TEMP5 and TIKIRK
parameters, respectively,
which are to be listed with
the plots.

See Section 10. 4 for details
on plot command cards.

Suppose that a TAPE8-type file has already been created, having the PFN of
TEMPX and containing the temperature distribution within the window. Then, the

commands to obtain temperature plots are the same as in Part (1), above, with

the following exceptions:

Card
No.

3

17

Command

ATTACH(TAPE3, TEMPX, ID=GIANINO)

Data card #3

(Remove data card #4B)

Comments

Again, the PF is given the
LFN of TAPE 3.

Use the values pertaining
to TAPES,

o g e b i
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If it is desired to have any of the above plots drawn with red ink, card #10
above would be replaced by the following:

Cl\?:d Command Comments

10 DISPOSE, PLOT, *PL. RED INK PLEASE The word RED starts in
’ \ : 3 il col. 21.
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Fortran Listings for TEMPS Program
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(o}
C
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c
C
[
c
C
Cc
c
C
c
C
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9
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c
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C
C
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C
c
C
C
9
C
C
C
C
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C
c
C
C
C
C
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C
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C
C
C
C
C
C
C
C
C
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C
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A.1 Main Program TEMPS

DNARAM TFMPG ITAPEG=12H TAPES=]2R¢TAPF3+ TAPE6=12850UTPUT=128)

TEunS 6 THE PRYGDAYW NAME AGSIGNED TO A PROGRAM BEING ADAPTED
FRO- PROARAM TE4P4 FAR THE PHKRPOSE OF REDUCTION OF EXPERTMENTAL
Nata € H US T ) Tn NETFRMINE H aND RrFTAe. JUNE 1972 BY N,boPARKE.
THE MEAMTMG NF THE SYMRALS AND PARAMETERS FQR THIS PROGRAM

ADE DESARIBEN Inl THF COMMENT CARNS WITH SUHROUTINE UTAFT «HICH IS
CALLED RY THIS wRAGAM AFTER LT HAS RFAD IN THF INITIAL
OARAMETENS AND NATA, A PARAMETER AND UATA DECK 1S PUNCHFD

T BY NTAFT, STAFT A1 S0 PRINTS OUT ANY DEBUG DATA INUBICATED

2Y nARQAMETERS 11 - |7,

SHRNOUTTAF OTAFY vS A maDIFICATION OF SUBROUTINE TMPbY
FNR AFCRI. RY NoR DADKF TN  JIINE 1972

TAES  SUIGNUTINF  wAS ORIGINSLLY MODIeIED On & APRIL 1972 TO SHIFT
THE DATA TO EVEM TNROFMENTS, USING SP| INE INTERPOLATIUN AND

THE CHOSFN ARBITRARY ANNNUARY COMDITINNSe THIS MODIFICATION

WAS MADE BY MeG,PARxF,

THE PARFNT PROGOAY wAS TEMP4 FOR CALCHLATING THE UNSTEAUY HEAT
CONPUCTTINN IN A FYNTTF CYLINDER SURJEFT TO GENERAL BOUNDARY
CONRITTINNS ON At 2Fn AND RMA SURFACES, IT THEN COMPUTES ThE
INTEGRALE F1 ANG ¢£2, OFNULREN BY DR, RENDOW AND PUNCHES THE
IMPHT PASAMETERS aNA FL AND Fee TF 11 = 1.

THE CYLYMDER IS HFATFD AY A YULUME SOIRCE DISTRIBUTION.
CYLTNDRICAL SYMMETRY 16 ASSUMEDe IeEes THE PARAROLIC
DARTIAL NIFFERENTTAL ENHATION IS IN CYLINDRICAL COORDINATES
WYTH THFE ANGLE VADIARLF MISSTNG,

THE NET nF SPACF nOTmMTS Ib SRIFTED HALF AN INCREMENT FnOw
ANt NARTES WHICH ARS PECTANGHLAR IN CYLINURICAL COORDINATES.
THis NET TS ROUIDED AaY a FICTETINUS SET OF POINTS THAT
ALLAW THE FASY WRTTTMG 0F GEnmERAI BOUMDARY COMDITIONS.
TFMD4 IS A PROGRAM wMICH 15 RASEN ON

THE IMPLTCIT ALTFONATING UIFFEREMCE MFTHOD UF INTEGRAVING

A OARABNL 1C PARTTAL NTFFERENTIAL EQUATIUN. IT IS CALLeU

THE T,A,N, METHNN FAo SHORT,

Iy ADDITTON TO THE'nSUAL LIBDARY OF MATHEMATICAL
AND SYSTeM SUBRNMITINFS, TEMPG RENUIREN THE SUBROUTINE> TrivaG
AND GAUSSe AS WELP AS THE SS0 ROUTINE QSF FOR INTEGRATING.

THE THEAPFTICAL RASTS FOR THIS PROGRAM IS FULLY DOCUMENTFU

IN T NN, Ge NATHAN ARTER PARKE TITs PARKE MATHEMATICAL | ABSe
INC, e OMF RIVER RnAn, CeRLIS| B« MASS,nl74Ls NOVEMBER (971,
MADTFICATIONS FOR VFRSTNN TEMM4 wILL APPEAR IN TM NU.T7.

et ANt INTTIALTZATUION CUNTROL CHARACTERS

Il = 0 o= TFMP DTSTHTIR U INTHIALIZED TO U0

T = )| 4=s TEMP InITTAL NISTRIHUTION READ IN ON <ICARUC

12 = 0 ,=¢ SOURCF DVSTRYTA G INITTALIZFD TO ZERO

In = 1 ,=. CALCI AT AND INTTIALTZE O AS A TRUNCATED GAUSSIAN
NUSTRIBUTINN,

IN = 2 ,=. SOURCF DTISTRTBUTINN RFAD IN ON ICARD.

USE OF THF BNUNNASY coNRTTION PARAMETFRS G AND H+

A OCRFECT INSULATINA ROHINVARY TS CHARQACTERIZED BY G
NEWYOMS § AW OF CONLTYG IS CHARACTERIZFO BY G = 0 H
GIVEN HEAT INPUT 1S rHARACTERLZEN BY 6 = INPUTe H =
AIVeN TEUPFRATULE 1S CHARACTFRIZED BY G/H = TEMO AND
AT 6 AN H VERY LAOGEe EeGes G = TEMP # £E25, H = lekge.

HFE {veY) NN GF{Xeve7) ADE STAIEMENT FONCTIONS OF THE FORw
HSEN [N FADATIONS (1Q)e,e00(22) IN TM NOs 5 TO APPLY Thr

THE GENF2AL ROUNDARY CONDETION S RE CALCULATING THE FICTTTIOUS
PATUTS I THF U AND 1RTAR ARRAYS.esee

050100
0v0110
090120
0h0130

0uo0200
040210
tvo270
040230
000240
03250
0u0260
0u0270
0u02n0°
040290
0uv0300
0.0310
000320
vu0330
040340
00350
010360
oLg370
000380
040390
050400
030410
0106420
010430
uosap
010450
0u0460
0ugaro
0uQano
040430
v.0500
0u0S1Q
0:0520
010530
00540
0450550
050560
0u0S70
020580
0v0590
0u0600
010610
0.0620
3u0630
020640
00650
020660
010670
0706H0
010690
UuQ700
duo710
050720
0J0730
000740
040750
0u0760
0u0770
0v0780
§30790
oue800
0L0810
0i0820
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CovessASSTGN LNGTCAL NUMAEQS TO ICARDSTKEYS {PRINT AND ITYPE USYNG 060830
% c T8BUT DEVTCE 1o 02 FHANGE THE FIRSYT RFAD CARD TO REQIRED UEVICE NO  §u0840 |
c THIS MAKES THE PRnGRAM EASILY - TRANSFFRABLE TO COMPUTERS WITH 000850
[o NYFEERENT LOGICAL DEVICF NUMRER ASSTGMMENTS, 000860
c 900870
c DARAMETFSS Ilveasel? FOR CONTROLLING THE PRESENCE AND ABSENCE OF 000880
“H C MIToUT 1 o=e OHUTPHT 2 oze IMNMIBITS 0v0890
: : c TV , =. OUMNCH AND POINT FLeF2e AND PAnAM 000900
C 17 .=e O2TNT TAllet MNAMUISNNINUS ICNT 9 IANTR 000910
C 13 .=e ORINT KKeA(BaaNeUPRIMeALSO INTTIAL VALUES OF UsUsTAR ETC 000920
C 6 .=, POINT U 88N A AFTER INITIAL DATA READ IN OR COMPUTED 040930
H5 c 15 .=, BOTINT I hhuF [n(TedeK), 000940
c 15 .=, PINCH UFTN AN PARAMETERS, 000950
c [7 .=. ©2INT Eo beig(Te.0) ON HALF TNCREMENT SHIFTED LATTICF. 000960
C THE HALF INCREMENT SHIFTEU LATTIRE IS THE ONE USED BY US TO 000970
c WOTTE TuF PROGRAM EASTLY FUR GENERAL ROUNDARY CONDITIUNS, 000980
95 c 0U0990
c SHAR0UTINF SPLNT (e 4aFOSaR9Y414559551.5529QUA) 0ulo00
1 c THIc IS 2 MODIFIGATION nF SSP SUBROUTINE SPLIE TO MAKE QA AN 001010
C APRAY Tn MakF THE INTFGRAL A FPUNCTION OF X 001020 &
c NHA = IMTFGRAL AF SS FROM X(1) Tn X(N) = QUA IS AN ARRAY 901030
45 c 001040 4
c FInn THIDD ORDE- <Py IME FCT  FOR A FCT Y(X) GIVEM AT THE 1050
c BATNTS (X(T)eY LTy 01660
c FOL) OWENG CHAP.R NF wOL? OF RALSTON + WILF 0u1070
c ouloso
100 c " = N0LOF GIVEN DaTA POINIS 001090
. c M = NN,NF SPECIFIED ARGUMENTS T(1) FOP WHICH THE SPLINt dulloo
£ c S2e1TS FIRST 11E0ess) AND SECOND NER.S552 ARE TO BE CO%FI!TED du1110
s [ £PS = TRUNR TOLFRANCE TN ITFHATIVE STEPS ouli20
c X= ARRAY OF STRICTLY TNCREASTNG ABSCISSAS 001130
| 105 c Y = ARRAY NF FCT VALVIFS 001140
i c T = APRAY PF DESToEN ARSCISSAS dullso
C SS = ARDAY (OF SDLINF VALUES , SS51+5SS2 OERIVATIVES 0uk160
c LIMTTATINONSG N NAT ( ARGER THAT =0 oullro
5 c 0v1180
5 e c T4E ANDITION OF TuE <PLINE SIBROUTINE HAS MADE IT NECESSARY TO 002190
] C INTZ0ONUCE SOME nEw SYMRALS ANU ARRAYS 0u1200
[ EPS ¢=e FRROR TOLFRAMCE IN THE ITERATYVE STEPS 601210
: [ X(29) o=, WOPK PaCF FNR ARRAY OF STR{CTLY INCREASING ABSUISSAS 801220
r; o Y(22) .=, WORK SPACF FNR ARRAY OF FCT VALUES oul230
£ 115 c XX(22) ,=. WORK SDArE  FOH DESIRED ARSCISSAS 001240
§ c SS(22) .=, SPLIME VALUE OF U ovi2so
| [ S8) o=s SPLINE VAL UFE OF FIRST DERIVATIVE OF U 0ul260
& [9 §G212?7) .=e SPLINE SFCOND DERIVATIVE nF U 001270
c NIA ,=. TNTEGRAL AF SS FROM X (1) <X (NN) - 801280 4
; 129 c 11SPI N{22.27) o=, TEMDNRARY WOKK SPACE. USEU BETWEEN RHO=-cPLINING 0i3290
| c AND 2ED <PLINING 001300
C MG .z, NN, OF GIVFN NATA POINIS du13lo
[4 NS .= NN, OF SPLINF INTERPOLATED ARGIMENTS 001220
e [ : 801330
12% C 001360
ey 21T Ty S ] 0DNGRAM STATEMENTS - - 001350
[ 0v1360
c Wr)vE <OONGRAM TFyPS = A PROGRAM FOR rALLING A SUBROUTINF CYLTMPy (01370
C WwHIrH USES PROGAM TFMP4 MODTrIED ANn DETERMINES H ANU RETA TROM 001360
13¢ c EXOFRIMENTAL RUNS OF TEMPLRATURE VS TIME.< 001390
c 001400
W TE 6y 2] 5) dijero
Wo [ TE (ha 2 1R) 601420
WIlTEifaa]TH 801430 :
135 et ~Elta3]R) 001440
C 001450
CAL), NATINIT 001460
WRTTE(Se00) 001470
CALL CYLTMP Q03480 X
140 WOTTE(S4710) 031490
WO T+E (5,720) 001500
CaLy EXTT 301510
c dad1sao
e 210 FARUAT(6F17,.5) 001530
145 215 FORUAT (1404 #*PROGRAM TEMPS ~ A PROGRAM FOR CALLING A SUBROUTINE®) 6915‘0 3
2le FORUAT (140, #CYLTMDe WHICH USES PRNGRAM TEMP4 MNDIFIED Ta*) 8331550
217 FARGAT(IMN#NETFRMINFE H AND RETA FROM EXPERIMENTAL RUNS ot #) 0U1560
214 FORWAT (1RO 8TEMPERATHRE VS TIME.#) dvisro
300 FORVAT(IHO® WORK OF DATINIT COMPLETE « RETURNED TO TEMPc#*) do1580
150 ) FORUAT(IHO«#WORK nF FYLTMP COMPLETE - RETURNED TO TEMPS#) V1590
120 FARUAT(1u0#END 0F 0IIN¥) 901600
cAy ™ 901610

©END 0i1620




A2 Subroutine DATINIT

SUBROUTINE DATINIY

REAL LMDAs Mi)

COMMON A(R2) «BIR2) ¢ (82) sD(82) yUPRIM(82) yRHO{82) RF IN(B2) «
*11(82922) (USTAR (82,221 s0(82922) s UFIN(B2122) yUSPLN (82922) »
STFIN(22) (ZED(22) oF (4) oG (4) oH () s MDA MUINNIML N1 o M2 oNZSNF

REA( NXeKoe10~

INTFGER nleZ19R?

INTFGER NATAIN
DIMENSION DATAIN(100.3)

COMMON/RLOCK]/

* [|1129l31]4i!q0160[7'M!NleoN[.IQNY'IU’IQQNQONHAQYRUNQ'
¢ 1CAOD ¢ IDRINT s IPNCHe TTAPI+ LTAP4sRHOL 2aRHOL29ZEDL +ZEVI24UTAL)D
STAUMASTALUOFF«SIG  onNelife EPSG] (4) sHL(4) sMATERINX oHETAS

*K o AMADA+S1ReS1Te52P4527s
SDEN«CPoR<EXPERsPWR1+214R2IPLOTPROBNO TICUSXLENS YLENSSCALEX
+SCALEYLoSCALEY2 ¢ XTITLEIS) 9YTIILEL(S) sy TITLE2(S) oNAME

ENUTVALENCE (11.DATATN)

NATA (DATAIN(I'!).I:]tQ?)/7’?'39.20‘3’]99!‘!2'll'lgg$“16.6030
46,0, 01es=e554691.109294003995005,¢.120292%049000114#0+30,43%4015,
oJHKcL.|.a7.a.BE-a..n653.1096.-.34E-5..05E-5..1E-5.-.1§-5.1,98;
0e59101e25Re1HY 924,709 01131 0174HT2044,5920099293000sl0el,
)1 OHTIME (GECON93HN<S) 4 3#1H #JOHTEMP=DEGC s 10K ABOVE AMB»
23814 oLOHMEAN TEMD 10K ABOVE AMHe3%#]H4 #THHARRETTS
+10HRADIA] DISeIOHTANCE «RHO=96H(CMY o IH o 1H 9 10HAXIAL DIST.
SLOHANGCE 9 7= (CMo1H) 4 1H o1 /

DATA (DATAIN(Io?),I=1492)/2HT11e2HI292H13+2H1492HISe
*2HIA02HT 7o THM o 1HN 2HMT o 2HNI 9 GHICNT 9 2HTU92HIQ 9 2HNO ¢ IHNMA s
*¢4HTIUNsSUTCARD o 6HTPRTINT ¢ SHIPNUHySHITARI s SHITAPG o 4HRHOL s
#5HRH01 20 4HZED L+ SH7ENY 2+ SHUT AU 2 SHTAUMX « GHTAUOFF « 3HSIGY
OEHOHOZHHQoJHFPS.GHG)ll!.SﬂGl(Z)oRHGl(1)05HGl(6)-SHHl(l)c
SSHHY (2) «SHH] (3) $5HHT 16) o BHMATERTAL + BHREF o IND o s 4HBETA.
$IHTHER . CANDN ¢ 6HLAMADA o IHS IR 9 3HS I T 4 IHS2P 9 3HS2T »

04 THOFNGITY ¢ OHSPEC, “EAT 1 6HRADIUS ¢ SHEXPER

¢AHPUR «IHRI ¥4 AH7 1 #e JHR2H ,YHP) T71Y, 2N+ 6HPROBNO»&HTICU,
*4HX| ENeGUYLEN THX=GCALE « BHY 1 -cCA) E«RHY2=SCALE + 6HXTITLE »
+1H2 4 1H3  1HO o 1HS L THY TTTLE Lo LH29 1H Y [Ho L IHS o THYTITLER 1H2y
‘lH].lH“-IHSQRHODEDATQQQJHIIIoJHXTZvJH!TJv
‘3HXT“-3H!T5'3HVTI.JHVT2QJHVT303NVT5v3HYT51

DATA (DAYAIN(XQ?).l=\o°2)/22’!-19.lp-l-ll'l"lvlv“.gt
s=loc®lo2pe~1/

11=212213=14=15=16=17=2

1CAD=5

INDTC=0

1PRTNT=6

17T4n3=3

1TAnG=4

M=8rn

N=2n

MY=nI=1

1CNT=]

10=0

1n="

NQ=2

NMX =11

IRUM=100

RHNY=0,

RHNY2=1,

7EDY2=,8546

72EN12=1,1092

DTA{10=,0115

TAUuX=S5,n

TAUNFF=5,0

S1G=e1202

An=10=0,

£05=,001

6Y(v)}=61(2)=G1{V) =G (4) =0

HY(v) =0, )

HU{2)=H1 D =HE (41 =,0113

MATER=104KCL

NX=zv447

RETAZ4 . BF =4

1770
1780
61790
11800
1810
1820
1830
1840

oiercic)

NI e e

OICIOICICIOOOIOIO

002140
002150
0iz160
002170,
002180
002190
002200
ouv2210
Qu2220
0v2230
00,2240
652250
0U2260
002270
092280
002290
002300
092310
002320
Guv2330
002340
002350
902360
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K=,7653 0u2370
DFN=1.9R1 002380
¢o=,691 ouz390
f=],258 0u2400
EXe=R=10u#2 Quaalo
10=24,7 Q02420
1=al 0u2430
71=11 002440
22} V2450
1eLnT=1 R
NAMEZ] OHRARRETT

230RNN=10HT204

T1C11=a5

X_En=20,

YLEV=GEQ

SCALEX=12E0

SCAIEYL=,2FE0

seArEY2=,2E0

XTITLE (1) =10HTIAE (SFECON

XTITLE (21 =10HDS)

YTITLEL (1) S1OHTEMD=NFGC

YTITLEL (21=10H ARNAVE AMA

YTITLE2 (1) =10HMEAN TFMP,

YTITLE2(>)= 10HAANVE AMR.

CAL) GETNATA (DAYAIM.Q?.4|5¢6v3'1900300vINU[C)

WRITE (ITAP1) DATAIN

NF=A

Mlziel]

Nl=ne] S
Mozulel 0u2660
NPznlel 802670

b S AT L e

c
CeovseeCALCULATE THE INCRFMENT ARRAYs E(I)a,y
c

RM=M
RN=N
F (1) =RHOY 2/RM
E(2y=E (1)
£(3)=2ZEN12/RN
£(4)2E(3)
DRMN=E (1)
N7EN=E (3)
NSE~20 0
c ) ‘ 002800
Cootoosesenssnceas INETIALT7E UsUSTARCQUPRIMoAIBICID0sosssssre nnnnce @92310
c 602820
DN 20 I = LeM2 002830
HeRTMIIY = 0. 002840
ALTY 0, 062850
A1y = 0, 002860
Clry = 0, 0L2870
neiy = 0, 002880
DO 20 J = 1eN2 bG2890
Ul = U0 002900
USTAR(I, 1) = 0. 802910
0(T.J) = 0. 032920
002930
USTARsQ41PRIMsA«B,Cans INLTIALIZED TO ZERO. U = U0 902940
DN 21 1 = 1eMl 002950
D0 21 J = 1eN1 r 002960
UFIniTeg) = 0 802970
0u2980
UFIN HAS BEEN INTTIALTZED VO LERD 802996
903000
PUTg 2ETA = COORD IN ZFIN(J) 003010
003020
DO 17 J = 1eN] 903030
b= Jd = 003040
29 = JJ duaoso
ZFIn(I) = ZEDL + 7J#DZED 003060
0u3070
PUTE RHO-COORD TN RFINIT) 003080
003090
D0 18 I=14M1 © 0b3ioo
1IT=1-1 903110




RT = T1

RFINV(TY = RHOL + RI#NRHN

DHTe HALF=INC RHO-CNANPD IN RHU(I)

DN 46 1 = 1eM2
11 = 2*1-3 .
R1 11

RI RI/2,
RHN(1) = RHOL ¢ RT#NRHO
NQITE(IDDINT 290) (1eRHO(I) o1=1eM2)

OIS HALF=INC ZED-CNoRD IN ZEU (S

Ny .c8 J = 1eN2
1) = 2%).3

Qi = )

Q) = RIr2,

ZED(J) = ZED1 ¢ R *N7EN

WRTTE (IPRINT+297)

( 16 ZED(J) 0 )21 9N2)

NFANG PRINTOUT COMTRNLLED BY 13

6N 0 (243 I3

? WRITE(IPRINTL260)
WRTTE(IPOINT 4260)
WRITE{IPDINT «260)
WRITE (IPRINT260)
WRITE(IPRINT«260)
WRITE (IPDINT260)
AOITE LIPRINT+26N)
WRITE (IP2INT«260)
WRITE (IPNINT«260)
1F(1U.En,0) GO TO
]FAN(ICAPD225) 1)
IF(1R.En,M GO TO
FF(1Q,En,1) GO TN
QFAw(ICAnn.?asi a
60 10 34

CALL GAUSS(IPRINT.STReRHOIM24N240+00)

60 10 (35436)s 16
WRITE (IPRINT260)
WRTTE (IPRTNT«260)
NN = 0

WolTE(IPRINT280)
RETHRN
FORUAT(AE12,5)
FORVATI{T7TS«T714T5,

FORUAT(T7F1063)
FNRAAT (140010 (ENOD,

u
USTAR
9
UPRTM
A
B
Cc
D
UF TN
32

34
31

u

AT 4J) 91=2eM1) s J=2eN])

15

3-1!))’

FNRUAT (1H0 ¢ *END oF NATINIT®)

FORMAT (1HO+#ToRHO (1) =#.51154r844))
FORVAT (1H0s®JeZED ¢ J) ".5([50'8.6))
FORUAT(11159T71e15015)

FORVAT (71577115,

15)

FNRYAT(GF12,59T71.15415)
FARMAT (L4F12459T71415415)

(A1)

V03120
003130
003140
83150
0u3160
003170
003180
003190
0063200
803210
803220
003230
003250
863240
003260
883270
003280
003290
903300
003310
003320
003330
003340
003350
003360
003370
003380
803390
003400
863410
803420
0034230
003440
003450
003460
803470
003480
003490
803500
003510
003520
003530
003540

003550

003560
003570
003580
803590
803600
853610
803620
803630
003640
803650
003660
803670
83680
303690
003700
8i3n1o
803720

'
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A3 Subroutine CYLTMP

SURPOUTINE CYLTMP
REA) LMOAs MU

MuMON/RLOCKY/
°CO /!%012013-1h0l§016017'M'N0MIvNIolCNYOIleQyNOONNK!IRUNv
OICADDoIDDINYcXPMCHv!TAPJ.lIADbuRHOl.PHOlZleDl'ZEDIZ.OTQHQo
CTAUYX 9 TAHOFFoSIG  o0NUOe FPS.GI(G)ONI(“)OMATERONX'BtTAo
*KoLAMADA.SIR«S1T9520.52Ts
00‘N.C°~R~EXPERcPH.RI.Zl.RZ-IOLOT.PROBNOleCUcXLENoYLEN-SPALEXc
OECALEVI.<CALFV2.XYITLE(5)oYTIlLEl(G)-YTlTLEZ(S)oNAHE
COMMON A(R2) «B(A2) o (R2) sV (A2) JUPRIM(A2) +RHO(B2) ¢RFIN(82y »
OU(aooZZ)oUSTAR(BZ.Z?)oO(GZcZ?)oUFlN(S?vZZ)vUSPLN(B?vZZ)v
OZFIN(ZZ).ZED(ZZ)cr(a\06(4’OH(“)-LMDA'MU-NNleoNlnMZvNZ!Nr
DIMENSTION FLIB2)4F2(A2) (X E82) 1Y (82) +55(B2) ¢SS1(B2) +5S2(62) »
*NUA (82) 4 ¥1)(82) sRRA(A2) + XRIB2) 9227(22) (XL (22) 4T (1)
HE(XoY) = (2,=K8Y)/ (P, +XBY)
GF(xoYe2) = 2.0Y8#7/(2,0XRY)
o 12 1 = lea
GUIy = 6Y (I}
HUDy = M)
WRITE(IPOINT255) E
DRKn = E(1)
D7En = £

c 3 - iy
CoosssesNOW WE QELOAD ARRAYS H AND 6 o USING FUNCTIONS HF ANU GF
c .. v

DN 10 I = leb
GIIY{ = GF(H{E)eE(T)4GI(T))
10 HUI) = HE(HUIDWE(T))
Cc
no 3 IsliM)
RAR (1) =RF IN(T)
N0 6 T=1eN1
L) 222 (I=ZFINCD)
CoossosWE NOW WRITE OUT THE NEW VALUES OF AQRAYS G AND H.
c

WRITE(IPRINT250) G

WRITE(IPOINT245) H

TAU = 0,

ICNTR = 0

NF. = 9

TFIM = 0,0

MS=>

IF (TAUOFF oGEs TAUMX) MS=)
c .
[ s8svssngseva, MAIN ENTRY FOR N§u IQA.DO CYCLE sesessscesetho ssccsse
[+

"S5 DTAEDTALO
60 IF(MNLGF NMX) GO TO0 45
IF (N3 +FN, 0} GOTO 4S5

CANDITTONAL CALCULATION OF UTAUs WHEN NNoLToNMX

RNN = NN

RANO = NO

REX = RNN/RNO

DTAN = DTAUD#2,880EX
c

c-.goto....lNCQEMENT T‘“'NN.lcN!R"?I.nOQ...?!Q,
[+

45  GOTN (330:3409360,330) MS

340 1F (TAU+2E0SDTAU LT,  TAUOFF) GOYO 330
MS=q ;
DTAN= (TAOFF=TAU) y2E0
6G0Tn 330
MS=y
DO 350 J=1eN2
DO 50 I=1sM2
0{1,J)=0€0
CONTINUE
G(11m6(2)=6(3)26(4)=0.
NN=A .
GOTn SS
TAU=TAU+NTAU
NN = NN « 1
ICNTR = TCNTR ¢ 1
LMDa = DTAU/DRHN® &2
M} = OTAN/DZED®2
GO TO (47+48) 912

47 WRITE(IPOINT+265) TAUCLMDATMUSNNIND s ICNT 9 ICNTR

154

003730
0u3740 .
903750
0u37h0
003770
063780
003750,
003800
003810 :
003820
803830
003840 !

003930
003940
003950
803960
453970
4039a0
003990
004000
004010
Qus020
004030
004040
004050
04060
004070
di4bao
004¢90
004100
0isll0
804120
004130
d0ala0
006150
004160
804170
Qualno
004190
004200
dda210
004220
§use230
004240
04250
004260
906270
0i«280
004290 -
004300
004310
004320
804330
004340
044350
004360
dia370
004380
004390
004400
flasro:
004420
004030
YT ]
Quaas0 |
0044601
006470
004480}
004490
064500
0V4S10




4a' Do 50 1 = 2eM1
DIl 1) = HEN2U(T2)46(R)
T N2) = H{L)BLTeMT) o6 (4)
A(]) = LMDA®R(Le=F (1) /2. /RHO(T))
BI1) = ~(2.#L. MDA+ )
c(1y LMDAR (14 +E (1) /2. /R1O(T))

COMOLETE THE BORDFRIMG OF THE COMPUTATION LATTICE

no V3 J = 2,N1
HE14d) = HILI*UL2, 01 46(1) 0u
13 (M3} = HI2)#Utule i) +G(2) 004630
i 004640
veoTOUCH UP nF COEFFIAIFNTS B(1) 00, 004650
Al2) = B(2) + A(2)%H()) 004660
R(MI) = R(ML) ¢ C(M])#H(2) Qu4670
no 70 J = PN} 044680
DN £0 1 = 24M) 004690
DTS = =MUB{U(Tedel)=2.80 10 0) sU(T5J=1))=DTAURQ(Isd) =U(1.J} 004700
0ua7l0
TOURH UP OF THE N COFFFICIENTSeeceens. 046720
004730
N2y = Ne2) - A2)36(1) QuaT40
D(MI) = N(ML) = CMIY1*G(2) 014750
CALI TRINAG(2¢M]oh AeCaDeUPRIM) 0L4760
c doser70
CaceoWE HAVE JIST SOLVEN THE TRIDTAGONAL EQIATIONSeseces 0u4780
CuoveoTHE DESQULTS ARE STNREN TN UPRIMee THE CONTENS OF UPRIM.d 044790
Cees MIST NOW RE TRANSFFRED T COLUMN ) OF ARRAY USTARseeeese 0u4800
c (_)9146[0
NO 63 KK = 24MI1 004820
6O TO (63e64)e I3 0u4830
WRITE (IPOINT«283) KK oA (KK) 98 (KK} «C (KK) 9D (KK) sUPRTM(KK) Gu4Ba0
0N 70 K = 2eM] 004R50
USTER (KN = HRRTM(K) 0u4860
=5 004870
0J4RBR0
CALCULATF U ON ANGNDARY ANU EVEN LATTICE POINTS HBY 004890
RENNDOW INTERNAL SoLINE EXTRATULATION TO BOUNDARY POINTS. 004900 -
004910
IF. (ICNTR.GT.1) Gn To 16 0u4920
NF = NF+) 004930
TFIw = TAU = DTAU 004940
004950
AENNOW MADIFICATIAN nF SPLINF INTERPOLATION BEGINS AT THtS POINT 004960
IT FONATSTS OF ©XTRAROLATIONS TO THE SOUNDARYs USING SLOPE SSU 004970
AND VALUE SS AT INTFRT0R POINTS RHO(?) vRHO (ML) oZED (2) 9£EN(N1) . 004980
OTHFR Cat CULATIONS aRE MAUE ARY TWIRD nRDER SPLINE INTERPNLATION 0u4990
AND THE ACCURACY nF THE INTERMOLATION 1S CONTROLLED BY Tt 005000
CHNICE OF OF EPS 0Us010

THF FIRaT STEP In THE OROCESS IS SPLINE INTERPOLATION OF U(IeJ)
RELATIVE T0O RHO=VAL!NFSe INUEX I.

OOOOOOOOO00

NN 160 1 = 2eM1
X(1-1) = RHOCI) X
DO 161 J = leMl 0us080
XD () =RRD(J) 045090
XR(Y) = PHO(2) 095100
X2 (1) = RHO(MI) dusgie
DN 162 J = 2eN1 095120
DN 163 1 = 24M1 0u5130
Y(I=1) = U(Ts) 05140
0us150
IF (16T, GD TO 9u5160
WRITE(IPRINT 21 ") : 065170
WoITE (IPOINT«200) X 0v5180
WRITE(IPOINT200) Y 0us190
WRITE(IPRINT+200) Xo 095200
CALL SPLNT(MeM14FOSeXsYeXRs55+551+552,QUA) §u5210
CALL SPLNT(MIML.EDSeXsY¢XR¢58955]19552,QUA) dvs220
. 0ys5230
SS sND S§1 ARE 11SED AT THE END PNINTS IN THE BB VERSIUN. 005240
005250
DO 164 KS = leMl 805260

HOO OO0 0




1168 NIKSWJ) = SSUKS) 005270
EXTHAPOI ATION TN ROVNNARYs LSING SS AND SSi 005280
SN (1ed) = SS{1) e (RFINCI)-RHO(2))#5S1(1) . QuS290
WSPLN (MYed) = SS(M1) s (RFIN(MI)=RHO(M1) Y #SST (ML) 005300
> CONTINUE 0us5310
005320
W& NOW HAVE EVEN RuN=-TNTERPOLATEO VAL UES OF U. WE NEEU EVEN 905330
760 INTEDPOLATEN vALNES OF U T0 INSERT IN UFIN(Tsd9K) o 005340
005350
THE FOLLAWING STE® NAES SPLINE INTERPOLATION IN THE Zeu-plRECTION  0U5360
3 005370
NN 166 1 = 2Nl i 0053R0
X(1-1) = 2ED¢I) 005390
Dn 167 ) = 1eN1 : 005400
X7 ()=2774)) 0US410
X7(v) = 7ED(2) 0us420
x7(ul) = 7ED(NL) 045430
No 18R 1 = 1Ml ; QUS440
nn 169 1 = 2.N1 005450
Yid-1) = USPLN(Ta 1) 005460
- 0u5470
TF(1eGT.3) GN TN 2 035480
491 *E(IRITNT210) A 015490
WITTE(IPIINT200) X 005500
WRITE(IP2TNT200) Y 0uS510
WRITE (IPnTNT«20M) X7 005520
? CALYy SPLMI(N'NI-EDS-x-v.xL¢S§-SSl'SSZ.QUA) . 005530
CALL SPLMT(NsN14EDSaXeYeX£95596519552,4QUA) 995540
: §u5550
THE INTESPNLATEN oESIN.T IS NnW STORED IN UFIN : u5560
0u5570
pn 172 0 = 1Nl 0U55R0
WFIMETey = SSLD 015590
£XTOAPOLATTON TO RO'NDARYs USING SS AnD SSI 005600
HETN(TeY) = SS(1)+ (7EIN(1)=2EL(2) 1 #5S1 (1) 005610
DFEEMCEen]) = SSINT) + (ZFTNINTY=ZED(ND) Y #SSTIND) : 095620
A CONTINUF ! 015630
1 005640
THIG COMOLETES THE CALCHLATINN OF UFIN{LyJ) FOR THE CURKFNT 015650
VAL'E OF X = NF By THTRN ORDFR SoLINE INTERPOLATION AND 005660
EXToAPO). A TTON Tn THF ROIINUARTES. ' . 0u5670
005680
Do 130 1 = 1M1 095690
nn 232 9= 1y WY : 005700
YHe ) = UFIN(Teh ! 095710
Ty = 7FIN(D) 0us5720
£o L SOLNT(NLa1eFPSe2ZF TNsYUe 1 e5S955145529QUA) 005730
F1(1) = nA(ND) i 0u5740
05750
Tle COMPLETES THE FALCULATINN OF Fl 005760
0us770
DN 136 1 = 1Ml 005780
Yier) = FYCI)*RFINATY 0115790
T(hy = OFINCD) 015800 -
£ALL SPLT (ML 1+EDSeRF TR YU T955.5514652+QUA) 95810
nn oY3IR 1T = PeM) 015820
Fa(r]) = NUALIIY/oF [ (IT)#%2 025830
Fa(i) = n.5%FLLY) 005840
0us850
T4I< COMDIETES THE rALCHLATINN OF F2 045860
005870
APTTE(IT/PY) NFoTFIMGPFINCLFINGUFINeFoF2 0U5RR0
015890
1F 11 = } TYPE nuir Fy AnD F2, 075900
1F 1S = Y TYPE OUT NFTN, . 0u5910
005920
IF(11.£0,2.AMNL 15, EN,2) GOTO 370 945930
IF(11.NE.1) 60TH 271 Q85940
WITTE(IPRINTL38 ) 0u5950
0N 273 Tz1eM1e5 015960
173 wR1TE (IPRINT3A11 TF1(1)eF2L1D 85970
A71 TF(1SNEL L) GOTD 270 0345980
WO LTE (100INT«382) 045990
NO 276 T=14M1e5 0060800
374 WOTTE(IPRINTIAN Lo (MFINGIs 1) ed=leNLL5) 0ve010

oD O00O0000

fe]

A




78 CANTINUF
c TWE RECORD OF THE Soi TNF CALCULATION AND INTEGRATION HAVE BEEN
C WATTTEN AS THE “EvT BFCNR ON 1APE 3,
Ceusee THTS 1§ THE END nF THE FIERST HALF OF THE L.A.D, CYCLEs.
Cunese THE INTERMEDIATE ADPAY USTAR HAS BEEN CALCULATEDseseses
c

1A Taty = TAn + NTAU

NN = NN+ ]

[
Ceuostone,nehppLY THE RHO ROUNDARY CONDITIONSseocosseves
c

nn /0 J = 29Nl
USTAR (1o =H {1 #USTAD (24 J) ¢G (1)
USTAR (M2, N =H(2)#1STAR(M] +J) +L(2)
Ay = M

LRt = a(2e#MU+T

80 C(.) Ml

c
CoveasCOEFFICIFNT 8 TOUAH 1PL.se
c

92y = R(?) + A(2)%4(3)
BENY) = BINY) ¢ C(NYY#H(4G)
c
CesoessCAICULATTON OF CNEFFICTIENTS U eceene.e
C
DN 100 T = 2.ML
DN 50 J = 281
D(J) = =L MNAR(USTARET+14J) 2, *USTAR(T +J) USTAR(I=1vJ})
DIy = NeJY= LMDABDOHN /P o /RHNCT) # (USTAR (I 419 ) «USTAR(1=14J})
D(J) = D0J) = DTANRN(Ta) = USTARITeJ)

TOUrH UP OF THE N CAOFFFICIENT a0

NE2y = D(2) = AL2)*6(3)
DINY) = DINDY = C(NYV)®G(4)
c
CoaeesCAL) TRINAG TO SOIVE THE TRINIAGONAL SYSTEM OF EQUATIUNS, .
CevesesTHE QESHLT WILL RE RETURNED IN UPRIM ARRAYesoscssscee?
[

caLy TRINAG(2sN1+A¢R.CeNsUPRIM)
N0 23 Kk = 2Nl
50 70 (979419173
97 WATYE(IPHIINT 2B ) kK e & (KK) sB (KK) o C (KK) D (KK} s UPRIM(KK)
94 nNo Y00 0 = 2eN1
100 HET.J) = LPRIM())
IF (TCNTRLTLICNTY Gn TO 40
(o}

Couvoarean,oaeAT EACH RETURN T 40 REGINS ANNTHER I.AeDes CYCLE.,.
= :

IOCNTR = 9
GO TO (1114112) 417
111 CANTINUE
WRITE(IPIINT 279} TANDTAU
DO Y10 1 = 2eMEeMY
WRLTE (IPRTNT$275) T4PHO(T)
110 WRITE(IPATINT320) (U(Ta) 9J=2¢N1enT)

112 CoNTINUF
IF (TAlLo) F o TAUMX) A0 TN 40
C W Er TAID EXCEEDS TA/MXe THIS SUBROUTE RETURNS T0 THE MAln PROGRAM
c rEMnSy AFTER PRINTING ¢TAUsGTe TAUMX = CYLTMP RET TO TEMP=<
CoetososnsosnssnssenvsasFND OF lg“-ny CYCLE a®vestsssrsenres
ARTTECIPRINTSI])
RETHRN
11 FARMAT (140 #TAULGT, TAUMX = CYCLTMP RET TO TEMP5#)
200 FORUAT(140,10F1044)
210 FNRVAT(IHO+#DEBIIGY XY eXX®)
246 FARVAT(1HDe#HE oHP (HIJHG =%94(£10,343X))
250 FORVAT(IHOW#GLA2. G166 =96 (£10,.343X))
255 FARCAT(1404#ELeT?E14E6 =%96(]10,343X))
265 FARVAT (1HN«#TAULMDA «MUSNNING s ICNT o INCTR =#43(E10+393X) /415)
276 FNPUAT(1HO#TAU = #,¢10,.39%DTAU = #+E10.3)
275 FQRAT(1HO W #ToRHN =#1SeFlVe4)
285 FORVAT(IH0ISeI e (F10a03X))
220 FORCAT(IH o10(E10,343X))
180 FARGAT (/o1HO0® 127X *F L (1) ®eBXo#F2(I)*y/)

006020

006570
06580
006590
006n00
046610
076620
006630

006760




oL
% g i S
RS A

: ! 181 FORUAT (1H041592(3X.F10,3)) 006770
382 FNRYAT {(/e]1HOs® 1o 10Xe®UFIN(ToJ) FROM Uz | TC N} *¢7) 006780

287 FARVAT (1H0+15910(3XaF10e3) ¢ /0 lHNv10X,9(IXsETD3) 0/ 436790

IR0 204 (IN4ELN L)) 806800

END 006819

A4 Subroutine TRIDAG

1 SUARGUTINE TRINDAG (TFeLsAsBeCoDoV) 006820

c ; 006830

c THE SURROUTINE FAR SOLVING A SYSTEM nF LINEAR SIMULTANENUS 006840

i c ENUATIONS HAVING A TRINIAGONAL COEFFYCIENT MATRIX,. 006850

' 5 c THE EQUATTONS ARE NIMREREL FRUM [F THROUGH Ls AND THEIR 006860

£ c SUR-DIAGNNALs DTARONALs ANU SUPER-DIAGONAL COEFFICIENTS aRE 806870

2 c STANED IN ARRAYS A+Ref, THE COMDUTED SOLUTION VECTOR 006880
] c V(IF)ses,asViL) TS STORED IN ARRAY V, 806890
H c 006900
& 10 DIMENSTON A(1) 9B (1)4C(1)sU{1) eV 1) sBETA(B2) sGAMMA (82) 006910
p ;- c 806920
i c 000 COMPUTE ARRAYS RETA ANU GAMMAcescsese 606930
i c 006940
i IETALIF) = B(IF) 006950
15 GAMWA(TFY = D(1F) /BETACIF) 606960

% 1FP3 = 1F ¢ | 006970
B po ¥ I = IFPLsL 806980
ETA(T) = A1) - a({1)sC(I~1)/BETA(I~]) 006590

il 1 GAMMA(T)Y = (DED)=A(T)Y*GAMNA(T=1))/BETA(D) 007000
& 20 ¢ 007010
i ‘ c os0.eCOMDITE FINAL SOLUTION VECTOR V .essee ) 807020
i c 007030
b VILY = GAMMA(L) 007040
LAST = L v IF 007850
2 25 D0 > K = 14LAST 007060
] 1 = L=K 007070
g 2°V(15 = GAMMA(L) = C(T)*V(1¢1)/BETA(I) 807080
) RETHRN 007090
& c . 607100
§ 30 200 %7110
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A5 Subroutine GAUSS

SUARNUT INE “6AUSS (1ORINT+S1GsRHO o MsN+ 0+ Q0)
OIMENSINN RHO(Y) o0 {MeN)
IF(cIGeENLDa) GN TO 29
SI/? = SIGE#2
IF(n0.6F,«001) G Tn S
no=_.5,51n2
M] = M~}

Niz=a=1

Do 10 7 = 2¢M]

AHN? = RHO(L1)##2
NTEST=.S#RHN2/STG2

1F (QTEST ,6T. 22ns) 102091030
NN=na

GOTA 1040

AN=n0*EXP (=QTEST)

CONTINUE

DN 10 J = PeN]

M. = on

RFT1RM

WOTTE(IPRINT100)
FNRYAT(1HNL#SIG = 0. DEFAULT OPTION Is Q = 0%)
RETURN

NN

A.6 Subroutine SPLNI
SURDOUTINE SPLNT (MeMeFPSesXeY e 19SS¢551,5520QUA)

FINN THTSD ORDEP <Py TME FCT FOR A FCT Y(X) GIVEN AT TWE
POINTS (XET)aY (]
FOLLOWING CHAPWS oF VAL OF RALSTOM + WILF

N = NOGNF GIVEN DATA PNINTS

M o= NN.OF SPECIFI¥D ARGUMENTS T 1) FOp WHICH THE SPLINE
S6e1TS FIRST NEpeSS1 AND SECOND DER,SS2 ARE TO BE COMPUTED

£oS = EppNRt TOLFRANRE  IN ITEKATIVE STEPS

X= ARRAY NF STRICTLY INCREASING ABSCISSAS

Y ARRAY OF FCT VALUFS

T ARRAY PF DESTpER ABSCISSAS

35 = ARRAY OF SPLINE VALUES o SS}+552 DERIVATIVES

at1a = ARoAY OF VAL UFs OF INTEGRA({. FROM X(1) TO X(N)

LIMITATINNS N NNT LARGER THAN SO

DTMENSION X(3) oY (1)eT(1)955(1)¢SS1(1),552(1)9QUALL)
NTMENSINN H (B82) 242 (R2) ¢+DELY (82) +B (82) »DELSY (82)
DIMENSTION S2(B2)¢C(R2) 453182

DATA OMERA/1.071706R7

Ni=si=]

Do s1 I=)eMl

HIT =X 1) =X ()

DELY (D) =(Y(T+D) =Y (D)) s/H(D)

pn =2 I=7N1

H2(1)=H(1=1)+H(T)

AEI) = oSxH{]l=1) /7 H2IT)

DELSY (I =(DELY (D) =DFLY (1~=1)) /H2 (T}
S2(1)=2,#NFLSY(T)

CU{Is=Ve8NELSY (D)

S$2(1)¥=0,

S2(M) =0,

ETA:Q.

DO 10 T=2.M1

Az (A1) =R (1)#S2(T-l1=(.5=-B(]))#S2(1+1)=52(])) *OMEGA
IF (ARS (W)} =ETA) 1041049

ETA=ARS (v)

S2(1)=S2(1) +w

007120
907130
007140
007150
007160
do7170
407180
837190
007200
a07210
097220
007230
007240
067250
007260
067270
007280
307290
007300
007310
007320
007330
037340

007350
007360
007370
067380
657390

007730,




ST TR

IF (ETA=FPS) 14.5,5 9u7760
no =3 T=1eNl 047750
SATI=(S2 (1)) =521 11y /M (D) 0u7760
N9 &l J=1eM 0u?770
1=1 0uT780
TF (TUH=X(1)) SA17,86 067790
IF (TEI=X(N)) 57,509,549 0u7800

TF LTGI=X{I)) 6ne)T457 dor810
I=1.1 007820
60 TO S du7830
WOLTE (Ka64) J 037840
FORAT (14426HTH ARRIMENT OUT OF RANGF) 037850
61 T0 61 007840,
1=N 097870
1=1-1 007880
HTI=T (J)=X{T) 007890
HT2=T(H-X(Te]) 007900
PONNSHT14HT2 0u7910

S62¢J)=SA (1) «HT1%#:3(T) 0u7920
DELSS=(S2(¢T)+S2(1411+552(J)) /64 007930
SS{ ()= (1) sHTL#*NE) Y (1) sPROD#NELSS 007940
SST(JY=NFLY (1) ¢ (HT14HT2) SULLSS¢PRON#S () /6. 0U7950
CONTINUE 0U7960
NiA(L) = €40 007970
no «2 I=1eNl 007980
OUA(T+1)=OUACT) ¢ G# (1) B (YLII#Y(T41) ) -HT) ##3#(S2(1)e52(1¢1)) /24,

RFETHRMN

A

A7 Subroutine GETDATA

SUADQUT IME GETOATA(NATAININV 1IN« TOUTY e IOUT2o FINT#ISTLE 008020

¢« ISTZET S THNIC) 3 018030
THE MA[~ PUOENSE OF TWIS SURROUTINE 1S To INPUT CHARACTER STRING OR QuB040
NUMEDTCAL DATA IN A @rONVERSATIONAL® MODE IeEs FOR INPUTTING ULATA 008050
10 PROGNAYS REING RIN UMNER INTERLOM, 008060
1T ALSN MAY RE USED FAR AATCH PROCESSING-TN WHICH CASE THE DATA 0u8070
QHNUILD APOEAS & VALUES Tn A CARD, DATA WHICH IS NOT TO BE CHANGED 0u8080
SHNULN 2E REGILACED HY BI aNxs, FOP BATCH AL OR SOME OF THE DATA MAY 0108090
aF DEFAALTER AY USIAG AM EOR AFTER THE LAST DATA 70O BE INPUTTED, Qo8lo00
THE SURNOLITINE ASSUES THAT DEFAULT VALUES HAVE BEEN ASSIGNEN oual1lo
AND WTL; PRENT ONT THESF DEFAULT VALIIES HEFORE ASKING FOR DATA INPUT. dis120
IT ASKkS FOR wFW VALUES Ry PRINTING OUT THE SNAMES® OF THE UATA AND THEN 008130
GKIPOYNA ‘A LTNF. VALUFS TN RE ASSIGNED TO THE NAMES SHOULD BF 998140
CNTERFD STARTING IN TWE SAMF COLOMN AS THF START OF ThnE NAME, ovalso
FACH NATUM 15 ASSIGNEN 17 COLUMNG AND UP TO 6 ITEMS MAY BE INPUTTED 008160
TN A STHGLES ROW, 0us170
ARGUUFNTSH#Saauanssisssussspnd 008180
N TAIN  (DIMENSION (Nve?) WHERE NV IS THE TOTAL # OF DATA 0uB190
To Ae INOHTTED) 0u8200
NATAIN 4OLDS THE FOLLOWTMG TNFORMATION AANUT EACH DATUM= 0us210
MAME o V/8) UE 9+ CNNE WHERE - 008220
NAME => NAME RY WHICH TuHE NDaTUM IS INENTIFIED TO THE USER (1T MAY OR 0u8230
“MAY NAT BE EnlAL TO THE FORTRAN VARIABLE NAME TO BE ASSIGNED TO THE 08240
DATUM, ) ouva2so
VALUE =+ NUMFRICAL AR C4APACTER SIRING VA)UE TO BE ASSIGNED (THE DAYUM) 48260
CODE => HOw THF NATIm IS TN Rt IMVERPRETEN dis270
=1 => CHAPACTER STRING ; 008280

9 => INTEGFP dur290

1 => FLOATING POIMT NIMAFR 008300
MV TOTA) - MUMAER OF NATUM T0 Bt INPUTTED 0ua310
TIN FiLe MO, FOR ENPOTTING 408320
10UT1 PoIMARY OUTRUT FILF 018330
10HT2 SECONNARY NUTRUT FILE 0u8l40
ISIZE =~ SU?7F OF FInaY ATMENSION OF DATATN 0uB13S0

oonnnnnﬂnnnnnnnnnonnnnnnonnnnnno
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DIMENSION DATAIN(TST?ET) v1AL6)
COMUMON/SENSE/ZTINNMY TOUTNNY INDLICC
IMNTFGER NATAINGF

EXTcRNAL SSWTCH

CAL|L ERRSET(KOUNT . 2r000)
KOUMT1=KNUNT

IFLINDIC ,NELO) 200210

1sw=2

tL="

L=In0IC~1

6ATn 1€5S

CoMTINUE

1sw=1
1N0L=2000000000000100000538
TINYN=TIN .
TOUTNN=10UT]

InurT=IouT]

1SN=1

TRLANK=1NH

CAL. SSWTCH(TIN141SW3410HREAD DATA +SHFILE=) ¢RETURNS (106n)
I1F (ISWI .FQ. 1} 130041290
WOTYE (TAUTL«17Y 1IN

RFWYND TTN1

AFEAN(IINYY DATAIN
REWTND TTNL
IF (EOF(TIM1Y) 140041290
w2lvECIOTLe24) TINY
CONTINUE 1 A
CALL SSWTCH(0sISWAsINHDEFAULTS LLSHISTED) »RETURNS(1061)
IF (1SW4 (NEe 1) rOTN 1159 ;
WoITE(InT1e1)
DO v1n I=1eNV
11=1SI2F+1
© o Irt=l
C112=11+1812ZE
IF (DATATN(TI2)) 1020103091040
WRITE(IMITTe2) NATAIN(YT) SOATAINCITIY
G0Tn 110
WRITE (TNUTTe3) NDATATN(TI)N9DAIATN(TIY)
6nTn 110
WRITE (INUITTe4) DATATM(TT)2DATAINCITLY
CONilN?E e
GOTN (1150 ) N
c:lL‘ssuvcn(@a!sw;mlnuunng-VALUE.SH MNDE) »RETURNS (1060)
IF (ISWE LERs 1} 127041059
L=1
1sw=2
LLzs
L=LslL 3 :
IF (L «fiTe NV) 607‘0 1060
WRITE (Iniitle18) NATAIN(ISIZE®L)
LL=y |
nn 700 =146
TA( =104
CONTINUE 4
REANATINGIO) (18(1)s.1=)06)
IF (EOF (TTIN)) 132A01070
INDTCC=)
60Tn 1060
IF (IAL1) oE0. TR ANK) 6OTD 1VUS5
DO 180 J=1.6
DO 180 K=1410
IF (MXGETX(IA(J)skel) LEQe INUL) GOTO 1270
CONTINUE
No v99 J=146
LETRNES |
F2DATAINIJR¢2#ICT7E)
IF (F) 1790+1100+1110
IF 11A () oNEe TR ANK) DECODE(104119TA(J)) DATAIN(IK)
60Tn 1084 ;
CALL RJIUST(IA(IY
IF (IA()) .NE« TBLANK) DECODE(10.12+1A(J)) DATAIN(JIR)
60Ta 1080
CALL SJUSTIIACIY)
IF f1AC) oNEo TRy ANK) DECODE(10.13+1A(J)) DATAIN(JIR)Y
1F (IAC)) +EGe TRLANK) 0T0 1081
CONTINUE ;
LL= =1
TFCINDIC NELO) LL=1900
1F (KOUNT .EQe KOUNTY) GOTO 10SS

161

098530
008540
098550
008560.
008570
08580
004590
01:8600
008610
018620
0718630
0U4640
Ue8650
0u8660
008670
0.8680
008690
008700
0ds710
008720
048730
008740
018750
0us7a0
008770
408780
0uB790
008800
0U8A10
0uss20
608830
008840
038850,
008860
008870

‘0088R0

008890
08900
0da910:
008920
23930
018940
008950
098960
008970
0%a9n0
008990
003000
009910
0199020
043030
0u9040
009050
005855
603060
909070
Q0075
009030
409090
009100
049110
049120
009130




.
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¢
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e

AR

-

‘AN S DN

oy,
LR s P :
- T T R TR T

KOUNMT 2 =KOUNT
WRITE (1011T1+25)

“WRITE (Ini1T)23)

WR1TE(1nTY«R)
DN 150 1=1+6
1ar)i=104
CONTINUE
REANCTING10) (IACT) o T=1e6)
tF (EOF (TIN}) 113491485
tNn1Ce=1
60Th 1060
t2rA(l)
}F (11 0. 1BLANK) nnTo 1060

DO V30 T=1eNV

J=1+1S17€
IF- (11 .60« DATAING) GOTO 1160
CONTINUE

T . §RITE(101TLe16)

601N 1274

FaDATAIN(JISIZE)

J)= =1S12F -

IF (F) l\?Golleo.\lon

DO 160 1=2

0 1 2 B0, TBLANK L AND. 1.GTs2) GOTO 1240

"DECNDE(10+11+TACTY) NATAINGJYSI= =2}

CONTINUE

GOTn 1240 1A(2))

CALL RJUSTH

DECADE (10e12+IA(2)) nATAlN(JJ)
GOVn 1240

‘CALL RJUST(IA(2))

DECADE (10+2301A(2)) NATAINLID

IE ?Kouag <EQe KOHINT1) GOTO (125091310} lsw
KOUNT L=KOUNT

wRITE (10UT1+25)

GOTn 125~

WRITE (10UT1,14)

IF (I0UT? .EQ. O) 6OTO 1130

MRITE (IOUTZvIS)

10UrT=IoUT2
ISN=2

' 60Tn 1140

INDTC=INNICC

RETIURN

RERUAT (/% THE DEFAULT NPUT UATA ARE#)
FORMAT(leAlOO.‘ﬂOoA\OO"

FORVAT (1XsA100%=#,110)

FORVAT (1XsA107#=#(G16.6)
:g:ﬂ:;:;f:’ENyzq HATA. START IN COL. RENEATH START OF NAwe®)
FORMAT (BX+6A10)

FORMAT (AX) _ :
FORMAT (6A10)

FORMAT (A10)

FORWATITION

FORWAT (E10

FORMAT(/-O.DATA INPUT CONPLETLO)

FORMAT (/+® THE TNPUT DATA VlLuLS ARE-./)
FORMAT (1Xe® TRY AGAIN®) \
FORMAT(/41Xe® READING DATA FROM *r15)
FORVAT (1X0A100%-8)

FORMAT {8X ¢ #NAME VALUEsoo00®)

 FORMAT (1Xs® FILE®,15.% IS “empive)

FORMAT (1Xe® WRONG DATA "TYPE-TRY AGAIN®)
END

005140
939150
699160
009170
059180
009190
009200
0¢9210
009220
909230
009240
009250
809260
0u9270
009280
009250
009300
009310
0i93z20
609330
039340
009350
009360
009370
009380
009390
0(9400
009405
009410
019420
009425
009430
009440
009450
009460
009470
009480
009490
009500
009510
009520
009530
009560
809550
009560
009570
009580
409590
009600
009610
009620
009630
005640
009650
009660
009670
009680
009690
009700
009710
009720
009730
809740
805750
009760
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A8 Subroutine SSWTCH

GHAROUTINE SSWTCH (T« 1M ¢M2) ¢RETURNS (M)
COMPON/ZSENSEZT M TONT)  TNDIC
IF (1 «Fn, 0) 6°Tn 10D
ARTTECINNTYI o k) MEM2T

60Tn 11D

HITE(LOIIT]42) M1 M2
REAN(TINGYY JJ

=2

TF (1) «En, 1HY) =1
INDTC=ENF (TIN)

IF (INDEC) 100041910

RETURN M

AFTIRN

FORMAT (1% eAL09AR T2 4872=5)
FARAT(1¥eAL09AS et Pws)
FOR-AT (A1)

END

A9 Subroutine RIUST

SHAROUTYIHE RJIUSTI)
MENSTNN LC(9)

glva (52:7%5$55%RESRQR§55555$Un777755§55555555555553v
+777777555565655555563, 7771 777/5555555655558
0177777777755555§5G5Rq.777l777l7777555q55558.
«777711T7T7177775555588, 7717177 (1T77777755558,
+1777777717777777775%8)

LR=)

IRLTS=0

Do V00 T=149

T1RITS=IR1TS+6

LA=AQK(TRTITS) « AR, LR

IF (LR.ENGLC(I))Y aNTN 110

CONTINUF

GNATN 120

1.=SHIFT (1 « IBITSY

RETHRN

END

R £ AR AN sl o T et

U977
09780
059790
09800
u98B10
409820
049830
0U9R4D
$u9850
039860
009870
019880
035890
009900
09910
609920
009930

009940
009950
019960
099970
009980
0119990
0igo00
010010
010020
910030
010040
910050
010060
010670
010080
010090
010io0
010110

—
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Appendix B

'Fortran Listings for TIKIRK Program, Options No. 1 and No. 2 Only




B.1  Main Program TIKIRK

PRINARAM TIKIRK(TAnEa:RO/BQ-TAPES=80/BovTAPt3vTAPE70TAP§B.
+TARF6=H0 /R0 +NUTLUTERA)
THIS ©9RaGRAM CAN BEST BF NFSCRIBFU AS THE I/0 INTERFACE FOR FUNCTION
SURRNITINE TKIRK WHICH nnmeyTeS THE KIRKHnFF INTENSITY FUNGTTON AS
NESCRTACD IN AFCRL=-72.05A5.
THE TNPUT FALLS INTO THREE CLASSESH
1y INeOT HAVING TO NDn WTTH PROPERTIES OF THE HINDOH MATERIA) AND
THE LASER BEAMJNAMELYx (nUANTITIES CRS UNLESS OTHERWISE INDICATED)
[34¢} => VALUE OF S1GMA IN GAUSSIAN BEAM
ILAMADA => WAVFLENGTH OF THF LIGHI BrFAM IN MICRONS
R => TNTAL BEAM PnuwER
2 => WTINDOW RaDTUS
RETA  => RIILK ABSORDTINN COEFFTCIENT
X THERMAL CONDHCTTVITY
nK IMDEX OF RFFRACTION
cle S SUB=1lssUp=RuN
S1T 3 S SUB-14SUn=THFTA
S2Rr = S S11B=24S1P=2HN
52T = § SHB=2+SP=THETA
T TIME AT WHTCH IKIRK 1S TO BE EvVALUATED
2) IHDHT HAVING TO Pn wTTH THE FVALUATION DOMAIN OF THE FUNGTION
TXKIRK «NAMEL Y&
Xn => AAUSSIAN FOCAL DISTANCUE (METEPS)
Xt => MINIMUM x=vALUF FOR FUNCTION EVALUATION (METERS)
X2 => MAXIMUM x=vaptlF FOR FUNCTION EVALUATION (METERS)
RUNol = MINIMIM RANTUS VALUE FOR FUNCTION EVALUATION
QHAB2  => MAXIMIIM RANTUS VALIE FOR FUNCTION EVALUATION
MDD => NUMHER OF FvALUATION POINTS [N THE RADIAL DIHECTION
ND =» MUMBER OF FVALUATION POINTS [N THE AXIAL (X) DIRECTION
TIH => ARRAY (I)p Tn 10) OF VYIME VALUES FOx FUNCTION EVALUATION
(TIME VALUES SHOm.D RE IN INCREASING SEQUENCE)
HUMIM => MINIMUM J-vaLUE FUR FUNCTION EVALUATION (SEE MOnt)
IMAY  => MAXIMUM 1=vApLlle FOR FUNCTION EVALUATION
UMM => MINTMUM y=yap i FOR FUNCTTION EVALUATION
VMAY  => MAXTMUM y=vapLlie FOR FUNCTION EVALUATION
3) TNSUT HAVING TN n0 w1TH PROGHAM CONTROL +NAMELY®
FogY  =» FRROR VA UF FOR INTFRPOLATION OF THE TEMPERATYRF
FUNCTTOu NUTRUTTED RY TFMPS AND [NTERPOLATED BY I8 SCI. SUB, ALI.
MINT  => NIMBER OF TemPERATURE FUNCTINN POINTS TO BE USEn IN
THE TMTFRPOLATION (DEFAULT=A)
IPRNT => USED Tn fOMTROL UEBUG OUTPUT () CAUSES DEBUG OUTPUT)
(2 CAUSES WTHDAW TEMPERATURE DISTRIBUTION SULTARLE FOR
NISPLAY 10 RE oUTPUT)
NRAIS => NIMRER 0F FONCTION VALUFS FOR GAUSSIAN INTEGRATTON
M()E  => TF MODF=y THEN THE INTEMSITY FUNCTION IS EVALUATED AT
cQNI-SPACED % AND RHND=DRIME VALI-S3 IF MnaDE=2 IT IS FVALUATEU AT
FRUE-SPACED 11 AND V VALIIFS,
17 =» IF 1 LISE TkIRKy IF 2 USE IKTRKP
(NOTE THAT T IRKkP SHOULD ONLY BE USED ON THE AXES
FOR CONSTANT TEMPERAIURE WINNOW)
ALL THE AROVE MENTIONFD DATA IS ABTAINED RY TwO CALLS TO TWE
TNTERACTIVE TNPUT SURROUTINF GETDATA DESCRIBED IN PML TM=l6s IN THE
=IRST CALL ALL DATA TIn THE FIRST CATEGORY IS OWTAINEDe. IN THF
SECOND rALL ALL DATA TN THE SECAND AND THIRD CATEGORIES ARE
NBTAINENe AM EXCERPTIAN TO THIS 15 12 (CONTROLS USE oOF
TKIRK AMD IKTRKP) WHIcH 1S NBTAINED ON THE FIRST CALL TO GETnATA,
FOR A 1+ ISTINGA OF DEFAULT INPUT DATA IT IS RECOMM?NDED THAT

TIkIk of Ris INTERACTIVELY UNDER INTERCOM AFTER GIVING THE cOMMAND
COMNECT (TAPF4 + TAPES) ,

THE MATw OUTHUT OF TIwlow 1S A SEWUEMCE OF UNFORMATTED RECORpDS

NF INTENSTITY VALUES WiTe CORRESZNNDING DOMAIN VALUES. EACH RFCORD
CONSTSTS NF THE FOLILOWING SEQUENCE OF VALUESH

RECORD ~10a+ MUMBFR(MPY NF INTENSTTY VALUES EN THE AXIAL DIRECTION,
AKTAL CAORDINATE X AR U, TIME VALUE (T) IN SECONDSs NUMBER (NP)

N INTEMSITY VALUES TN THE PAULAL DIRECTIONs MINIMUM -RADIAL
CONRDTINATE RHOPL OR vMIM, MAXIMUM RANIAL COORDINATE RHOP2 O

VMAXs Mp INTENSITY VA UFS,

FOR FACW VALHE OF T. nP RECORDS ARE DUTPUTTED CORRESPONDING 70 THE
NP X FVALIATTON POINTSe THE RECORU NUMBER RUNS FROM 1 10 NR FOR

=ACH TIuE VALUF,.

THERE APE STY FILES AQSNGIATEU WITH THIS PROGRAM (NOT INCLUOTNG FILE
@OUYTPYTH), THF FILES ARF REFERRED TO IN THE PROGRAM AND ASSOCXAYcD
SURRNUTINES 85 IT3eTTaseTTSe1T6+IT/91T8, THE FILE VALUES ARE TN TURN
ASSIGNER TO THE USUAL FNRTRAN WTAPEN® BY A DATA STATEMENT ANn PROGRAM

000100
000110
000120!
000130
000140
000150
000160
000170
00180

060580
000590
000600

000630
000640
000650
000660

000670
000680
000690
duvo700
406710




USSP 5

S——

TR e

P R

C
C
[
c
(S
[
c
c
C
c
c
c
4
c
c
C
c
c
C
[
[
c
c
[
c
[o
[
c
[
=
[9
[
c
C
C
c
C

ASSOCTATION TT IS NECFSSARY 70 CHANGE EITHER OR BOTH THE DATA AND
PROAGRAM STATFMENTS.
THESE FTLFS SERVE THE FALLOWING PURPNSESH

173 =~ Flic OUTPUTTFD RY PRUGRAM TFMPS

I1T4 =- GINTERACTIVEm TaPUT FILF (SEE GETDATA)

175 =~ AINTERACTIVF@ auvPuT PILE (SEE GETDATA)

1TA =» LISTTNG OF AL TNPHT WPACAMETERS AND DEBUG QUTPUT

IT7 => UNFARMATTEN TNTENSTTY VALUJESs ALSO MAY BE USED TO INSERT

Y74 =+ UNFORMATTED TEMOERATURE DISTRIBUTION vaLUES

SUTTARLE FOR DTSPLAY PURKNSES
PREASSTGNED DATA TM CATEGOOLES 2 AND 3

IN ADNITION TO THE ABAVE FAGTSe THE USER SHOULD BE AWARE OF TWO
PRAGRAM BOONSTANTSH, THE FIPST UNMUER THE VARIASBLE NAME NT [S THE NUM-
RER OF TIME UALUFS PEOMTTTEN. AT PRESENT THIS IS SET 10 104 (THE
NIMENSTIAN OF THE TIME Aooay TiM), ALSO NOTE THAT ALL THE Timne
NEFaL. T VALUFS ARE 7E00 £xCeEPT THE FIRST AND THAT THE PROGRAM STOPS
AS SnAN AS A SUCCEENTMG TTME VALNE IS LESS THAN THE PRECEEDING
TIME vay UYE,
YHE SFCAND ®CANSTANT@ HAS TO DU wiTH THE ©1Z2E uF THE RECURU ~uleuTTED
Ay TEudm, THE SUBROUTTNE RTAPED pbaDS THE TEMPS QUTPUT UNDER THE
AeGUMDTION THAT ALL WoANTAL® AKRAYS ARE OF DIMENSION 82 AND mAXTALW
ARRAYS ARE OF DIMENSTNN 22.<Eb COMMENTS WTTHIN SUBROUTINE RTAPE3.
TUF INTENSUTY FUNCTINN TKTRK 1S NEFINED ExPLICLTLY AS A FUNCTION OoF
THE NANRIMENSTONAL VARTARLES U ANU vV AND TMPLICITLY AS A FUNrTION
AF NAN=~IMENSTONAL TTWE TALL THROUGH THE TTME DEPENDANT FUNCTTONS
OHI=THETA AND PHI=RH0O Ag NEFINED IN THE AROVE REFERENCE. THEst
VARIARLES ARF RA3SEl (AWGULGH AN anGUMERE | 1EE, ALl LTl e
SENUIIEN FOR EVALUATIAN oF TKIRK ARE PASSFD THROUGH BLOCK COUMMON
«PHIRLx, THEGE PARAMETESS ARE®

[0 ) r#5IR (GFF X IRK COMMENTS)

csS2n res2R "

cSle r#SLY i

€S?7 n#S27 U

xS GTARTING ARGIMENMT FOR FUNCTIONS FLeF2 (SEE FUNCTYUN
PHT COMMEMTS)
TMTERVAL 9ETWEEN EUUT=SPACED ARGUMENTS OF Flet2e
MUMAER NF VAILTIFS OF FleF2
AINT (SFF TnolT DATA)Y
=19 "

nx
NF
NN T
Foo

oW oo
v VvV

FL(20~)=> 4OLDS VALIIES OF F1 FROM TEMPS
F2(?nn)=> HOLDS VALIES NF F& FROM TEMPS
HOLD => STARES PHY=THETA (PHI=RHN AND PHI=THETA ARE EVALIIATED
STWILTANFOUSLY)
A => 1/SQRT(2),STn (=ALPHA IN THE ABOVE REFERENCE)
KE => WAVE NU4RFR !
Ti.asy > STNRES TIME VALUE REAU FoOM TFMPS RECORD
TNETYT  => " ;
YERR => £opOP [HNTCATNR FUR 21APE3 (INDICATES OUT OF RANGE
TIME OR OuT nF SEQUENLE TIME)
P => NFRUG OUTHUT ASWITCHR {
MP1] => =MF ! '
1Sw => GWITCH FOp "AlSSIAN INTEGRATINNe WHEN Isw=zl THEN THE
K=VALUTS FUR GANGSTAN IRTEGHATTUN A F FolmD,
NGAIIS: => HIMBER NF PNINTS USED IN THE 'GAUSSIAN INTEGRATION
(NOTE THAT I uBGANSS IS CHANGED THEN THt GAUSSIAN INTFOURATION
SO PN R 0 N T AR D)
QA1) => INDNW PANTHS
Ne => M{MBER NF TEMPEPATURF SAMPLES IN AXRIAL DIRECTLON
(SED FOR ONTRHTTING UISPLAY COMPATIBLE
TFMPERATURE NATA)
[ok ] => rONSTANT 10 NTVENSTOMAL IZE TEMPERATURE DATA
FOR DISPLAY
cl => rONSTANT H1SFn TN DIMENSINONALT7E TIME FOR
4] Ko T TRKsLAMANA NX oKE
RFA| IKTOKP
LOGrCAL S
NTHENSTOM BUF (100y
COM”OM/IfILES/ITJ.ITbv]TS’lT6'IT7vITB
cnnunN/pulﬂLK/cq1u.cq9n.c51T.CSZT’XS.nXoNFoMNNT.EPPoFA(an).
‘F?(ﬁOO)0H0LD-A.KE.TLA<T-TN§XT|lEPRvIP.MPlolSUuNGAUSS.
*ANGNBTereCl
[NTEGER ﬁﬂTAlN(lnn-1)-DA?AINI‘IOO'S)
CnMHON/BLOCK?/XN.x].v?.DHOPl.RHODZ.MP.NP.TIM(IQ)oEPS]
TEMPERATUDE nTSPLAY ; ’

600850
000860,
300870

000940
0009501
000960
000970
000980
060990’
061000
001010
041020,
Qg0
001040,
001050
001060
001070
0010R0
001090
901100
aGgien’
1120,
1130°
01140
1150

SO SOOI
(SRR = )
[l
-y
-~ »
oo

0ul1R0
003190’
001200
001210
091220,
901230

001330
001340 .
001350
091360
001370
001380 -
801390 :
001400
9!1“01
00)402
001603
051404
61405
001406
0i1a07”
001410
0ula2n:
011430
U440
01450
001460
001470
Qularo
01490
du1s00
001508




o MIMT e IPONT e NGANIS MANE S LIMING1IMAX s VMIN . VMAX s DUM (20) s MSKIP (NSKIP

COM1ON/RILOCK 1/

+ TlcIZ-IJ-lAvY:olﬁvlqu’N'Ml-NIaICNT'IU’IQvNO'NM‘IYKUNO
+10ARD S IDNTNT o IPNCH TTAP 10 I TADH s RHOT WRHOD 29 ZEDT 9 ZEDI24UTANUY ¢
STAUSXTANNFFWSIG  4nnaU%e EPS5.Gl (a) sHY (&) sMATERSNX +BETA
KoL AMRDA . S1RS1TeS22452T s

SDFNLCOsR EXPERIOW,RY 71 4R 1PLOT +PROBNND s TICUs XLEN YLEN#SraLEX e
*GCALEY) «SCALEY2 XTITIE (S o YTIILE}(S) o vTITLER(S) 4NAME

ENLTVALEMCE (114NATATH) o« (KUDATATNT)

NATA (DATAIN(Is1) 41214921/ 7%2+80:2003219091420115100+496.0430
2000, 0100meB54641,10024,0035¢5 +5,9,120292%04+.00104%0000,43%,015,
KL o] 4T« %eBE-6,0085741Ueb o 34E=Sy 05E=-5 0 1E-59=01E-5,1,98¢
*.693ol.Z‘:qo]Hln>h,7.ﬂl.|lvlv)06H720‘0v.5020-99c'30£0a10f1.
+104TIME (SFCONs 3HDG)  181H s LOHIEMP=DEGR "» §JH ABOVE AMR»
+3%3u S 1UHMFAN TEMD jnH ABOVE AMR.3%1H + THBARRETT,

«1NHEADTAL NISeINHTANGE «OHO=94H(CM) o1H e 4H s LJUHAXIAL DIST,
*19HANCE ¢ 7= (CMa 1) (14 o 1H /-

DATA (DATAIN(142),121492)/2H1142H1242H13¢2H1492H]5
241492077 LHMy LHN  2WMT o 2HNL o 6HICNT g 2HTU s 2H1G 9 2HNO » 3HNMK,
*4HTPUNSUTCARD s HHTPR TNT ¢ SHIPNCHSHITAD3 9 SHITAP4 1 4HRHOL s
+SHRMOL2 ¢ ~HZENL 9 SH7ENY 2« RHUTALIU 4 SHTAUMX ¢ 6HTAUOF F 9 3HS1 G
$2H0A 9 2HUN  IHEPS S SHGT (1) «SHGL (2) 15HAL (3) ¢ SHG | (4) o SHHE (1)

0RHH\(?).EHH1(3)-RHH1(“)-BHMATtRIAL-BHDEF-IND.-“HBETA.
SHTHER o CAND o 6HL AMRDA ¢ THS 1R IH51 T4 IHS20 4 3H52T
* THOFNGITY e QHSPEC HEAT s 6HRADIUS ¢ HHEXPER ¢
+34PWR .3HR11.1H7|w.1HH2~.~H9|T?lY.ZNoﬁHPROBNoohHTlCU.
OhHX]EN!&HYLENOTHX-SCALEvBHV1-5C4LEoBHYZ’SCALtnGHXYlTLt!
olHZ.lH].]Ha.1H5.7HVTYTLF1'1H>-1H3-lHa,1H5y7HVTITLE2qu£|
4143, 1Hé o 1HS s AHOSERATOR
S THXT Lo IHYT2 0 IHXT I 3HA T4 e IHXTS e 3HYT1 o 34Y T2y IHYTI 9 3HY T4
*IHY TS/

DATA (DATAINCL+7)41=1497)/2220419%1s=10dd%bs=1s1.400,
SIS IR LY 2 Vs

NATA (DATAINL(Ie))oT=104R) /150001000, °200U0er0ee2e100slnurlius
+38-14040010601026,202060,040,¢0,91040 3
FINHKIRKHAFF 1o litHMTFSTTY FoeoRUNRTION, [90H o1H '19H1IM§ Tii SEe
SSHCANDSeYH o 1H 14 o} CHNON=DTMENS 1 OHTONAL RADI.iQHAL UISTANCs
+IHESVLIH 4 JOHNON=NTMENS, 1OHINNAL AXTA,1uHL DISTANCE ¢ 2HeU, LR 9545/
NDATA (DATAINL(L+2)97=196RF/2HKQs2HX1 ¢ 2HX2 9 SHIHOP L « SHRHUP 2 2 2HMP ¢
*ZHND 9 BHT Y o PHT29 PHT I PHTL s CHTS 1 2HT 6, 2HT T 12HTH 4 2HTS 0 IHT LUy
$4HEDS] s 4LMINT e SHTORNT « SHNGAUS « 4HMODE ¢ 6HUMIN  GHUMAKX « -
’hﬂVUlN-AHVMAKOJHﬁTl.1H§T2'JHQIJQBHSTQ.JHSYSV3HPTIo3HP!2t
¢ I4P T IHPTLa IHP TS ( IHXT Lo IHAT2 9 IHX T3 9 30X Th9 IHXTSe 3HYT1 s
SIHY T2 IHVT A IHY T4 JHYTE LSHMSK AP s SHNSK TP/

DATA (DATAINI(I1+3)e721e4R) /5% o280s11lea®0e4%]1,208-10200¢
NATA IT3 IT4sITSe1TAITTe1T8/344054607087 ~ 2 .
1ntC=0

S=e4Fa

1Sw=1

NT=10

Cal1 GETNATA(DATATN.GRe4eD96¢3¢1004300+INDIC)

CALY GEYUATA(DATAYN!.68.&-5.6e7‘190o309vINUIC)

IF (MODF NEs 1) aOTN 150

DATAINL(3741)=10HnANTAL DIS

NATAIML (38¢1)=1INTAUCE ¢ RHO=

DATATIML (19« 1) ZLINHARTUE  (CM)

DATAIM] tafel)=10H

DATAIND (4Po1)=10HAXTAL DIST

DATAINL(43 1) =] IHANAF o X (CM

NDATAINY cabel) =M}

WRITE (TT7) DATAIN

WeITE (TT7) DATATM]

TF (MODE «EQs 1) 82,7,

REWYND 173

REAN(IT

TLAST=TNEXT=0.

KF=re2B831RE4/LAYRNA

EPR=EPS] .

IP=1PRNT

NANSS=NGALS

XS=he

DX=ve /M

MNNT=MINT

MO =Ms]

NF=uP]

IF (S) 6nT0 120

XMAXEVMAX

XMInaEVMTN

60Tn 140

061510
001520
0v1530
0U1540
601550
0v1560
tuis570
091580
001540
001600
091610
001620
0u1630

001640

013650
001660
091670
0u1680
Gu1690
0uv1700
ui710
0uiT20

k1730
UulT40
QuaTs0
dupTao
bulTvo
GuiTro
Bv1740
buraon
R EST]
e
9u A3
UILRsD
bapnso
041860
Gelato
BulBHa
BalEs0
UulH0o
Gur9ln
bul9za
au1930
Gul9sn
du1950
birgesn
bolsTe
B9
I ETT]
bJzoon
dupolo
Uu2iazo
biatap
ED Y
LRnS0
0260
ii2ons
buzdro
Duzbng
bu2bag
Guzizo
Yuzlia
ULaisg
2150
Quzled
Gi2170
fi21k0
du2leo
du22o00
buEZ1o
B.2220
22
Goz240
du22s
duzznt
Gi227T0
Gu22R0
bizzan
bizion




oy

R

e

R

e

e

RS

T U St

RN S

e e

120
1640

<4 i .

XMIMERHOPY

XMAXZRHOD?

CONTINUE

A=,5/SI6

C=Pu® (NX#82+1) /24 /NX
C=C#R*BFTA/3, 14153/

CS10=2C*SIR

CS20x(C*g2R

CSIT=C#*S)T

CS273C#qaT

RSQ=R*R

X0=x0%100.

Xt=xl#lgn,

X2=x2%100.

C1=x/RSN/DEN/CP
DELX=(X2=X1)/(AMAXO (1NP=1))
DELPHN= §2HOP2~RHODL) 7 (AMAKY (1 4MP-1))
DELVE(VMAX=VMIN) 7 (AMAXO (1 sMP=1))
NDELI=E (UMAX=UMINY / (AMAXO (1 oNP=1) }
RAO=R i .

Nol=N+1

CI=¢/R

X0T=le/Xn

NRENr=0

1T=1 '

TazT=TIM(])

IfF (T oLT. 04} GOTO 2000
IF(TP.EN,2) WRITF(1TA) DATATN
T=7sCl

WRITE/IT5+2) T

IF (T GT. TAUMX) GOT0D ?099
X17=X1

X11=1s/X1T

H=UuIN

DO 100 I=1+NP
CX=(XO#X1]) #e2

IF (S) 11=KE®*RSQ# (x0T-X11)
RHOo=RHON]

v=yulN

DO V10 y=14MP

IF (S} V=KE®*R¥*X]1#RHNP
G0Tn (220n+200) 12

AUF (J)=CX*TKIRKO (119VeT)
60Tn 210

BUF (JYZCXR*IKTRK (UeVeT)
RHOo=RHOP ¢ NELRHO

V=V eDELV

CONTINUE

pP=\y

P=

5@:?& (1:;I ToNP oD e TRAMD o XMIN S XMAX s (BIIF {J) 9 J=19MP)
CALL. DRT(RUF «MONE 4 1o TToMP NP ¢MSKIP ¢NSKIPsRHOP L »
SNDELOHN S VMINSDELV e X1Tolis TRe T 1T6)

NRECENREC+]

X1T=X1T+nELX

X1I=1e/X17

U=UsDELY

CONTINUE

1721741

IF (IT 6T NT) GNTN 2000

TR=T=2TIMIIT) .

IF (T «GT. TIM(IT-1)) 60TO 1000

WRITE (ITS+1) NRFC

FORLAT(]Xo' THE NUMRER OF RECURDS 1S-2+110)
FORUAT (1Xs% NEW VALUF OF TAU 15%,E13.5)
FORMAT (10 1604E12,4)

FORVAT (1744E13.5)

FORVAT (1Xs1604G12,4+31{/¢5X95613.5))
END

042310
002320
002330
02340
002350
pu2360
002370
002330
0462390
0u2400
di2410

002460 .
002470
042480
402450
662500
002510
0U2520
002530
602540
012550
002560
92570
092580
012590
0u2600
002610
002620
0U2630
002640
0u2650
092655
032660
0U2670
002680
002690
002700
062710
di2720
002730
002740
002750
002760
002770
002774
092776
002780
062790
602800
gu2s10
092820 -
002830

J
)

<
n
@
&
o

3

2850
2860
02870

OISO o
1S

!
&
n
@
@
o

Gv2940
002950
002960




[
c
c
c
[
C
c
c
[
C
c
C
C
c
[+
c
c
C
[
[
[
C
c
C
C
C
C
c
o4
[
C
C
c
[+
C
c
)

c
c

B.2 Function IKIRK

REA FUNRTION TKIOK (11eVaT) B
FUNCTTON IKIRK IS THFE KYOKHNFF INIENSITY FUNCTIUN DtSCRIBtU_(N
~BENNDAW B, AsD GTANTMnep, 90PTICAL PFRFORMANCE EVALUATION UF
TNFRADEN TRAMSMITTING WYuNOWSW AFCRL-77=-0565, ASSUMING A bAU§>l5N
SHAREN 1INPOL ARTAZED SAURCF. THE TNTENSTTY FUNCTION CAN BE WKRTTTENS
IKIRK (oY =P (A1P/ (1=EX2 (=812 1) 128 (11 (0e19DR) (FWHFX) J 124
TT{ne1aNXI{Fu*FYy 112
wHERE
FW("H):FXD(-(A*X‘!?)”FXD(fI”U“X!Z/Z)
FX (o) =yt J0 (X#17) sEXO (T#K#PHIR(X) } =F Z (XsV)
FY(CoVYeve |0 (XYY 2EXD (THKBPHT [ (X)) +FZ (X9V)
F?(va):|l(X“V)ﬁtrxn(!*K“PHIﬂ(X)\-EXp(I‘K“PHIT(X)))/(V)
A=1/50RT ¢2) /51G#=>
K=uaAVE NN, (ODMERA/CH
NOTAT TONK
1 o=y EXPANENTTATTAN
=5 WIMAGINARY «
T(01aDXY {4} MEANS TNTEGRATION 0F Ter FUNCTION WITHIN (v WeReT.X
NVEn THE TNTERVAL (4.1), ~
10 AND 11 ARE BESSEL FUMCTIONS OF THE FIRST KIND+ZERQOTH ANU FIRST
NRNER RESPECTTVELY.
DUTR (XY AND OHIT(X) ASOE THE FUNCTIONS PHI-SUPERSCRIPT=3HO ANR PHI-
QUPERSCHIPT~THETA RFSoECTIVELY In THF ABOVE REFERENCE.
THESE FUNCTIONS ARE GTVFM RY$
PHIR(X) =C#S5)0#F 1 (X) +4aCrSoR¥F{X)
DHIT (X} =C#S1T#F1(X) +4aCus2ToF2 (X}
WHERE®
C=R134P04RFTA/KT
R=wTNNOW RADIUS (rMy
op=uEAN TNCIDENT nOWFR DENSITY (wATTS/CMI2)
RFTA=RULK ABSORuTTON CNEFFICTENT (1/Cwm)
KT=THERMAL CONDHICTIVITY (WATTL/(CM DERC)
G1R5PRsSIT+52T AnE “ATERIAL CONSTANTS DEFIMED INM THE ABNVE REF «
Fler2 ARF THE FUNRTTNNMS DELTRAR=-DRIME (X} ANU
(1/¢12) T 104 XeDS) (NE| TRAR=PRIME (5}) N g
GTVeEN IN THE ABOVF DFFERENCE AND WHICH ARE PROVIDED AT SFLECTED
AQGIMENTS RY PROARAM BTFMPSA,
lu'&Gluiﬂlﬁﬁlunﬂﬁéﬂﬁdﬂ&%*«&ﬁ&..’ﬂ’ﬂ““6“Q&ﬂﬁ“”‘““”““”“°“Q"*“#“““““““#
COMMON/RHTRLK/CST09052RCS1T+CS2TaXSeNZINF sMINTAEPSF L (20Y) o
+F2(200) $HOLDsAsK (T ASTSTNEXT,IERRIP MPLoI1SWoN
+QADLNP1,1DeCY
COMUON/TFTLES/IT3.IT4«ITSv1TA0IT701T8
CAMOLEX N1 eEXPREXPTFXIFYIF7eFW
RF Al JQ!'I
REAT K
DTMENSION XA(R00) YR (100} 9YI(L00)sZR(100)+£1(100)
AP=a®p
IF (A2 ,6T. 220.) 10701030
1020 CoNcT=2,#A2#A2
G0OTn 1040
1030 CONGT=2,4(A2/(),-cXP(=A2)))ene
1860 UND2=U/2FN .
IF ISw=v THFY THE ARRAY nf POINTS FOR GAUSSIAN INTEGRATION
v ST RE FOUND
GOTo (105010601 TSW
1150 1sw=2
CALI. NAGPLA(OEO.1F0.XA)

IF (IP .5Ne 1) WRYTF(ITHRel) (KA(T)yI=]1N)
1060 CAl| RTARF3I(T)

IF (IERR (NE. 0) na0OTH 2009

NN 100 T=1.N

X=Xxa{l)

K2=x#X

Xv=y#Y

Fu=cXP (=~AP#X2) #CEXP (CMPLX(UEN=UN2¥X2))

EXPo=CEXO (CMPLX(QF0,w#PHT (X))

EXPT=CEXP (CMPLX (OF0 i #HOLUY )

IF IV «Fne Do) FZ=(FXPR-EAPT)*X/?,

IF (V oNF. Do) FZz(FXPR-EXPTI"JLI(XV)/V

Nl=x*10(xV)

Fx=nl#EXPR=~F7

FY=nleEXPT+FZ

Q1=FWH*FX

YR(T)=REAL(Q1)}

042970
12990
043000

0u3p10

013060
03070
RN ED)
043690
003100
Vu3110
3120
0u3130
03140
03150
0U3160
0u3l70
Gu3180
0u3190
013200
§a3210
093220
0493230
003240
003250
003260
613270
013230
0v3290
003300
003310
003320
003330
0u3340
003350
003360
Vu3370
043380
003390
083400
Qu3410
003420
0u3430
003440
013450
003460
003470
093480
093490
003500
Qu3510
013520
093530
003540
003550
003560
003570
003580
003590
6023600
063610
0u3620
003630
003640
du3650
093660
0v3670
Qv3680
003690
0u3700
603710




YY(T)=ATIMAGIQL)

O =FWeFy

2R (1)=REAL(N])

Z1{1) =ATMAGIQL)

CONTIMUF
FJQHAT(qllX1GIZ.5\,

CAL) DOA2BAI0ED\FOYPeYRD)
CALI DAGI4R(0EN1E0.vTey]l)
ALt DOG24R(0EQ.1F0«7R¢ 7RI}
CALI. NOG2LAIENIF0714711)
IR IPK=COMST® (YRT#YRToYTI#YII+LRTI#ZRI+71I%LIT)
RFETHRN

A

B.3 Function PHt

FHNATION PHI (X)

1F Swi=,Fa THEM PHIE(x) =R#SIR* 1 (K) +4#S2R#F2(X) LIS FOUND

¢ Swt=,Ts THEN PHIT(X)=C#S1T#F 1 (R) +r#S2TeF2(X) IS FOUND

WHERE C=B13#00#BFTA/KAPPA (SEE CALL ING SUaROUTINE)

THE OPNARAM 1S DESIGNFD vNn RE CALLED IN THE ORUER oFes »Te FAR A

GIVEN VALDE aF x IN NoDFR Tn ELIMINATE DOKLE CALLS TO THE INTERPOLATI

DONTINE

THE AQQAYS F1.F2 COMTAIN THF FUNCTION VALUES TO BE INTERPULATLDS

FLI1=YS) oF 1 (3=XS+DX) v, 0., ¢F1(NtY. ETC AS PROVIDED BY TEMPS»

THE 1aM SCI. SUB, ATGF (P, ?51) OLTUONS MINT FUNCTION VALUES AND

ARGUMENTS Tn RE USEN FO® TNTERPOLATION IN ARRAYS ARGeVAL RESPECTIVELY.

GIVEN THE ARRUMENT «4rFTC,

(THE ARGUMENT TCOL IN ATSE IS 1 T+ THE FUNCTION IS STORED IN A

1=DIMENSTONAL  ARFAY) :

THF [AM SCI. SHB. ALT(P,241) UOES AITKEN-1 AGRANGE INTERPOLATTON

AN (ARG.VAL) AND RETIIONS THE RESULTING VALUE Yo EPS IS AN ABSOLUTE

FRROQ FyGURF aND IER 1S AN FRROUR WFLAGS,
comuON/nutHLK/CSID-cq?Q.CSIT.CSZY-xs.nonF-MINT.EPS»FI(an)o
'F°(°90).HﬂLD-AqKE.YLAﬁT.TNtXT-!EDR.IP.MP[;ISWoNo
+RAD NP1 e 3C1

C wOLD 1S USEDN TN STOOE PYUT(.TstX)

DIMENSINN ARG(20) VAL (29)

1010 CALp ATSE(XsXSelX,F1NFoL#ARGVAL SMINT)
CALL ALT(XeARGsVAL oY} sMINTIEDDIER)
CALI ATE- (XeXSaNX,F2oNFelvARGSVALIMINT)
CAL) ALT(XeARGYVA) sY2¢MINTIEPSSIER)
BHT=CS1R8Y]+4E02CG2R0Y2
HOLNERSETH#YL¢4E #~SPTHYR
RETHRN
£ND

003850
0v3860
003870
003880
003390
003900
003910
003920
003930
603940
803950
003960
0023970
003980
003990
064000
004010
004020
004030
004040
004050
004060
004070
0040n0
004690
004100
004110
804120
di4130
604140




T s s s

Function JO

QFEA; FUNCTION Jnfv) 00415¢ ~
C 10 IS THE BESSFL FUNCTION OF THE FIRST KIND9ZEROTH ORDER. SEF 004160
C HANDBOOK OF MATHEMATICAIL FUNCTIONS=AMS 55, FOR VALUES OF THE ARGUMENT 004170 -
C =5 E0UaTION 941412 15 1)SEN, OTHERWISE 9.«.3 IS USED, 0ualso

DIMENSION FACT(20) 0U4190

DATA “T/~/ 004200

IF (vefiT,54) GO TO 1 004210

IF(uT,NF,0) GO TO 2 006220

MT=v 004230

FACT(1)=1.0 004240

0 v 1=2,20 @94250

FACTIT) =FACT(I~|)8F NAT(I%])

CANTINUE

on 4 1=2.20

FACT(I)=1,0/FACT(T)

CONTINUE

CONT INUF

AMSe=0,.0

AMSAIZ 4 0

ADG=0, 250X 8X

ADGIIZARG

NN 8 1=te192

AMSU=ANGNSARGURFART (1)

J=T41

ARGIISARGH®ARG

ANSP=ANGP + ARGU#F ACT (1)

ARGRIZARGH*ARG

CONTINUE

A0=Y 404 (ANSP-ANSN)

RETHRN

CONT INUE

TOX=3,0/¢

F7=,797R8456-200000077#T0X=, 00552748 TnX*#2-,00009512%TOXs#3+

l.on'37?17-70x-~a- 0nn72805%TNR##54,000144764T0X#56

TH2= x-.7=539ﬂl6-.n4|66391'10!-.OODOJQGQ'TOX"ZO.00262313»T0x!03-

1,05454125870x# 04~ 00029133*TNRE#54 000 135584TOX##b

IN=EZRCOS(THZ) /SABT (X)

RFTIIRN

FND

BS5  Function J1

DFA] FUNATTON J1(Y) 004540

C 11 1S T4E BESSEL FUNCTINN OF THE FIRST KImDsFIRST ORDERe SEE OUQSSO
C HANDRANN« OF wATHERMATICAL FHNCTInNS AMS 55, FOR VALUES OF Thr 006560
C ARGUWENT (=1~ EQUATTION 9,110 IS USENe OTHERWISE 9s444 IS USFL. 004570
DIMENSINN FACT(20) oqasgo

DATA MT/a/ 004590
IF{xsGTal0,4) GO T } 004600
TF{aTJNFEL,0) 6O TO 2 0i4ss10

MT=1 804620
FACT(1)=2,0 004630

nn 2 122,20 . 006640
FACT(I)=FACT(I=])sFI_nAT(I®(1e1)) 004650

3 CONTINUE 004660

No & I=1.20 004670
FACT(I)=1.0/FACT(T) 004680 .

4 CONTINUE 004690

2 CONTINUE 004700
AN3D=0.0 004710
ANSH=3.0 : 004720




R M i s e S S B SO S B Y

PYSITLE S PR~ § 6?‘3730
ARGZ) . 253X 8X 004740
ADGIEARG 004750
N = 1=141962 04760
ANSMZANGN+ ARGURFART (T) 094770
=141 0ia780
AQGVI=ARG! HARG 044790
ANSAZANSP  ARGURFART () . 004800
ARGUSARGISARG 004810
CANTINE 054820
JY=ARGSE (1,0 (ALISP~ANSNY) 094830
RETHRN du4gag
CONTIHUE 004850
Tax=3,3/¢ 064860
F1=,7978046564.00000 ] S4RTOK+ 4 016GI6ATHTOARR2+,00017105*TOx*#3 (104870
1=, 072405] L8TOXE#4 4 30} 1 I6DIHTUX# 85, 00020033#TOX##6™ 0usano
THI=X-2,35A16440+ 124006124 T0X+, 00005450 TOX%42-,0063/870%TOX##3 0J489¢
14070763608 TNX* 444, ANATORCHBTOX# 1S, 0nVEILELHTOXKH#6 0u4900
N=cl#COSITHI I /80RT IX) ! 004910
RETORI 0114920
0 0u4930

PRI St v

B.6 Subroutine RTAPE3

SUSEDUT T RTAPEFI(TY 0uas40
SAMCO/PHTALKZCS ) 240620 COLTUS2T 1 XSonXaNF s W INTCEPSsFLIZ0U) » 0v4950
CEI(A00) o4O DeAKF JTLAST INEXT ¢ JEQR TP MP Ly ISWaN, 044960
+04i) NBLem 34 Cl 054970
COM AN/ TETLES/ITA ITGeTTS ITACITT71T8 004930
NTAENS [ F]M(8?\,F?v(ﬂ))'PlD(RZ)vFZP{BZ)oRFIN(B?)-lFlN(?d)n Uv45990
SUFT P (K2,22) UF TN (07.72) 0u5000
AATA FSWI/0/ 045010
STADEY ~AM RE 1JSFD AS A AFNFRAL PURPNSE SHIHKOUTINE FOR LTNEARLY 0.5020
INTERAA ATINA FUNCTTON SALIES WRFIWEEN RECORDSEs [oE. ASSUME 035030
BECHAN & [NCHIINES THE TMFARWMATION TNGF (LETN) 9F (23TN) veaae oo V5040
AN @FCARN Nel INCLUNES TMelab (11INS 1) oF(PiTN E) vencorass 005050
THEN TF Tuf=Ti=TM+1 T& cTVEN THF QUANTITIES FUIIT)F (23T oe ,aneves 0u5060
ARF QFTURNEN WHERE¥ 045070
FeleT)=FOieThy+CH(F(yarmaly=Fr{1siN) Y3 C=(T=TN) /{TN+]1-TN)s ETC, 0u5080
1T 1S AcSUMEA THAT THFE DARAMETER 1 INCPEAcES WITH INCREASING wECORD 015090
WUMBED AN Nin FILE JEwInng ARE PERMITTED. I.E. KRTYAPE3 SHOULD ok CALLED 045100
W TN TNCRFASTNG VALLES nF T ONLY, ous110
QTARFEA RECOGHTZ7ES Twd E2202 CUNDTIIOMS WHTCH SHOULD HE CHECKFU FOR IN 095120
THE CAL1ING PRNGPAM. TF TERR=Y THEN MO ERRUR HAS OCCURRED. Ir IERR=1 0u5130
THEN THe TIMe VALUE TS 1 FSS THAN IHE TIME VALUE OF THE PRECEFUING CALL 0uS5140
TO RTAPZ3,IF TFRR=7 TWFA THE VTIMF VALUE I< GREATER THAN THE TIME VALUE 0U5150
ASSOCTATED wyTH THE LAST INBUT RFCORD, 005140
T IHF nRESENT VERSTAM NF RTAPE3 EACH NUTOUT RECORD (FROM TEmP5) IS 005170
ASSUMEN TN RF IN THF FQODMe 0us180
NF S TETNSRF TN IBP) 0 7F INE22) JUF IN{BZ2922) oF 1 (B2} o 2(82) 0uSi90
WHERE TeIN T8 THE TTue vALUE AND F)(B2)4F72(82) ARE THE DESLRFU 005200
FUNCTTNY VALIES CORSESPNMNDING TO FIN. 005210
BTAPFY 2LSO NUTPUTS TWE NIMFENSIONALIZED (aND LINEARLY INTERPALATED 0u5220
TN TTYEY WINDOW TEMOEDATIIRE FUNCTIN IN A FORM SUITARLE FOR Ucc WITH 015230
nISPLAY, PROVINDED IPRINT=2, 005240
TER A 015250

Te=1/ClL 045255
IF 1IS41y 11151100 045260
154121 605270
OF A (TTI NGsTLAST e TN 2F INJUF INMoF T2 F2M . 0usS2R80
TT=TLAST : 0:5290
QUEN=2F TAI(]) #RAND 0uS300
RMAYERF TN VP L) #2040 045310
IF (ENF(TT)) 111947170 0u5320
1FP =2 0u5330
GNTA 2401 0u5340
TF (T=-TLAST) 11730.114001149 3 065350
1FRn=) 5 0uS360

AOOOO00N0000NOO000O0000

e

ET—

o gy o
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OR———— LT

A BRI S AT

1140
1115
1000

GNTn 2000 g '

READ(ITNY NGOTNFXTODFTNoZFIN:UF[MP!F]DoF?p
IF (T W1.7. TT) 100041010

1FRa=]

69T 2000 »

C TF'T Ene LASTT THEN MOTHING MORE TO 00

1140

IF (T oFn. TT) GOTO 2000

C 1F T .LTe TNFXT THEN A ©FAD IS Nol REQUIRFD

16030

1140

1050

1060

1070

IF (T LT, TNEXT) GNTO 1020

AEANETTI) NGeTLASTeRFINZF INJUFINMeF IMoF2M
1F (EDFUTT)) 104041050

1FR0=2

GnTn 2000

1F (T JLc. TLAST) GNTO 108b

REAN(TIT3Y NGsTNFXTePFINGZF INGUFINPoF1PsF2P
IF (ENF(1T)) 1nAne}07n

1FRp=2

60Tn 2090

IF (T «LF. TNEXT) GNTOH 1620

GOTA 1038

C=(T=TLAST) /{TNFXT=TLAST) -

NN 100 T=1MP1]

FYLT)=FIM(T) +CH(FIP(T)-FIMIT))
FRL1)=F2A(1)+CH(FIP (V) ~F2M(I))
CONTINUE.

GNTn(200041200 TP

DO 130 I=1.NP]

“H=RADBZFIN(T)

DO 140 J=1eMP1

RFINCS) =r 38 (UFTHM(Jo T) ¢CRAUFTNR (o T) ~UF INM (Jy 1)) )
CONTINUE :

WATTE(ITa) TeNPLaitsTMeMPLIRMINyRMAX (RFIN(J) 9 J=14MP1)
CONTINUE ;
6OTH 2000

TTEMP=TLAST

TLAST=TNEXT

TNEXT=TTFMP

nn T10 I=1eMP1

Fr=rlulyy

FaMiDy=F1P (1)

Fipel)=Fr

FT=ceM{T)'

FaM(I)=F22 (1)

Fap(I)=FT

160

2000

CONTINUE
GNTA{10204150) 1P

NH 160 1=1«NP1

No Y60 .)=1.MP1
Fr=tFINM(Je 1)
IFTAMASe TY=UFINP( 1o T
HFHP(Je T =FT .
CONTINUF

40Tn 1920

Vueh el

RETIIRN .

END

053701
0us330
015400
ousalo
05620
0u5430
0us440
045450
005460
005470
065480
005490
0us500

0U5510
0u5520
045530
015540
045550
015560
0us570
0055580
095590
005600
005610
005620
005630
us5640
05650
0u5660
0us670
015680
005690
0uS700
305710
005720
0Us730
0u5740
005750
005760
005770
05780
0u5790
0U5800
0us810
UuSR20

305830

“uSB40

045850
005860
005870
0Us8a0
005890
005900
0us910
005920
0uS5930
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B.7 Subroutine ALI

SURROUTINE ALI(XeaRGGVALsYINDIMIEPSIFR) 005940
005950
-...-o-..-.-ooo--.’o.--..gg-.guo.-.-..,g-gg-.g-..-?cgoyg.-gucg_--.- 995960
! U970

cURROITINE ALY 005980
005990

BURPNSE 006000
TO INTERPALATF FUNCTION VALUE Y FOR A GIVEN ARGUMENTVALUE 006010

X USING A GTVFN TARLE (ARGsVAL) OF ARGUMENT AND FUNCTION 006020
VALUES,. 0u6030
006040

NSAGF 2 0U6050
CALL ALT (X ADnoVALSYeNUIMEPS, TER) 006060
0u6070

PESCRTPTION NF PARAMETERS duelso
X - THF AQGUMENT VALUE SPECIFIED BY INPUT, 006090
ARA - THF TNPUT VECTUR (DIMENSION NDIM) OF ARGUMENT 006100
VAj UEs 0F THE TABLE (NOT DESTROYED) . Gu6110

VAL THE TnPUT VECTOR (DIMENSION NDIM) OF FUNCTION 006120
VALUES OF THE TABLE (DESTROYED). 0u6130

Y THF DESULTING INTERPOLATED FUNCTION VALUE, 006140
006150

NDTM AN INPUT VALUE WHICH SpECIFIES THE NUMBER OF 006160
SOTNTS IN TABLE (ARGyVAL). 006170

Epg AN IMPUT CONSTANT WHICH IS USED AS UPPER ROUND 0U6180
FNo THE ARSOLUIE ERROR, 806190

1e° 8 PESYLTING ERROR PARAMETERs 006200

. 056210

REMARKS - 006220
(1) TABLE (ARG.UAL) SHOULD REPRESENT A SINGLE-VALUFU 006230
FUNCTION &ufi SHOULD BE STORED IN SUCH A WAYs THAT THE 006240
DISTANCES ABSTARG(T)=X) INCREASE WITH INCREASING 006250
SUBSCRIST T. TO GEN-RATE THTS ORDER IN TAHLE (aRGWVAL)e 006260
GUBROUTTNES ATSGe AISM OR ATSE COULD BE USED In A 0v6270
PREVIONUS STAGE. . oue280

NO ACTION RESTNES ERROR MESSAGE IN CASE NDIM LFSS 006290

THAN 1. 006300
INTERPO) ATTON IS TERMINATED EITHER IF THE DIFFFRENCE 0u6310
BETWEEN TWn SUCCESSEVE INTERPOLATED VALUES IS 006320
ABSOLITFLY LESS THAN TNLERANCE EPSe OR'IF THE a8S0LUTE 006330

VALUE OF THIS DIFFERENCE- STPS DIMINISHINGs OR AFTER 006340
(NDIM=1) STEPSe. FURIHER IT 1S TERMINATED IF THr 006350
PROCEDUSE NTSCOVERS Twn ARGUMENT VALUES IN VECTOR ARG 006360

WHICH AE TDENTICALe DEPENDENT ON THESE FOUR CASES. 006370

ERROR PARAMETER 1ER™ IS CODED IN THE FOLLOWING FURM 06330

IER=N - TT WAS POSSIBLE TO REACH THE REQUIRED 0v6390
ACCIIRACY (NO ERROR) e ; 006400

[ER=] - 1T WaS IMPUSSIBLE 7O REACH THE REQUIRFU 006410
ACCURACY BeCAUSE OF ROUNDING ERRORS. 006420

IER=7 — 1T WAS IMPUSSIBLE 7O CHECK ACCURACY BFCAUSE 006430

NPIM IS LESS THAN 7+ OR THE REQUIRED aCCURACY 006460

COULD NOT BE PEACHFD BY MEANS OF THE ‘GIVEN 0u6450

TARLEs NDTM SHOULD BE INCREASED. 006466

JER=1 - THE PRICENURE DTSCOVERED TWO ARGUMENT VALUES 0u6470

TN VECTOR ARG WHICH ARE IDENTICAL, 006480

006490

CUBROUTINES ANR FINCTION SUBPROGRAMS REQUIRED 006500
NONE 006510
006520

#ETHAN 006530
INTERPOLATIAON 15 DONE BY MEANS 0F AITKENS SCHEME OF 006540
LAGRANGE TNTESPOLATLON. ON RETURN Y CONTAINS AN  INTERPOLATED 0u6€550
006560

FUNCTION VA UF AT PUINT Xe WHICH IS IN THE SENSt OF REMARK bueb70
(3) OPTIMAL WITH RESPECT TO GIVEN TABLE. FOR REFERFNCEs SEE  0U6580
Fo.n HILDERRANDs INTRODUCTION TO NUMERICAL ANALYSIS. 406590
MCARAW-HILL, NEW YORK/TURUMTO/LONUUNS 1720 Fre 7=aue wueleb
006610
lu-.'.'o.'-l.'.-Q.I..no.cagloioD.Ooco.l.'.'o.l.o.cc,.f’,!.'e-.l.lo. 996620
L, 0005 390 %, : 306630

006640

016650

DIMENSION ARG (LY evAL (1) 006660
1FR=2 006670

c
¢
c
c
c
c
c
c
c
c
c
Cc
c
c
c
¢
c
¢
c
c
c
¢
c
c
c
¢
c
c
c
c
C
c
c
c
c
¢
c
c
c
c
¢
c
c
c
c
c
¢
c
c
c
¢
c
c
c
c
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OOO00O0OD00 00000




R LA R

TR

DFLT2=0,
TF (MDTM=119e7s 1

STAoT OF ATTKEN-LNOP

DO & J=2NDIM

NELTLI=0F 12

{FNNn=)=1

nn 2 [=1.1END

HzAWG (1) ARG (J)

TF(H)2e 17,42
VAL(J)=(VAL(I)“(X-AQG(J|)'VAL(J)'(X-ADG(I)))/H
DELT2=ARS (VAL (J)y=vA( (TEND)) "
TF(1=2)h,643

TF{RELT2-EPS) 10elnea

[F1=5)6.5¢5

S IF(NE) TR-DELTL)A011411

CoMTINUE,
END OF ATTKEN=LNND

“J=NNIM
v=yal ()Y
RETHRN

THENE IQIRUFFICIEMT ACCIHRALY WITHIN NPIM=1 ITERATION STEpS
1520

6nTn 8

TFST VALNE DELT? STARTS OSCILLATING

1FR=1
J=1FND

T 60Tn 8

THERE ARE TWO INDEMTTCAL ARGUMENT VALUES IN VECTOR ARG

13 yEe=3

OO0 0O0 OO0 O0O00O00 [sXeleNe

6NTn 12
EnD

B.8 Subroutine ATSE

SU3NOHTTME ATSE (X9754N7+F s TRUW TCOL s ARG VAL sNDIM)

n-o.l---.a-o-t--o.-..---noo..---.o.-..n-.o-ooon.ncct-niv.n?-oouo-o

SURRNITINE ATSE

DURPOSE
NPTM POINTS OF A GIVEN TABLE WITH EQUIDISTANT AKGUMENTS ARE
SELECTED ANR NRDEREL SULH THAT :
ARG (ARG (1) =) ,AELABS (ARG (J1=X) TF 1.6TeJe

1SAGE -
CALL - ATSE (xozscnz.FoIDUHvICOL-ARchALoNDlM)

NESCRTPTION NF PARAMETERS
X ~ THF SFARCH ARGUMENT,
25 « THE GTARTING VALUF OF ARGUMENTS.
D7 = THF [NCREMENY OF ARGUMENT VALUES.
F ~ [N CAGE 1COL=}s F IS TuE VECTOR OF FUNLTINN VALUES
(NTMFNSTON IROW) » .
IN CAGE fCUL=2+ F IS AN 1ROW BY 2 MATRiX, THE FIRST
COL_Ump SoECIFIES THE VECTOR OF FUNCTION VALUES AND
THF SECOND THE VECTOR. 0F DERIVATIVES.
THF NIMENSLION OF FACH COLUMN IN MATRIX Fe
THE NIIMRER OF COLIIMNS TN F (1eEe 1 OR 2]
THe oFSIN_TING VECTYOR OF SELECTED AND ORDEDED
ARGUMENT VALUFS (NIMENSION NDIM).
THE oFSIILTING VECTOR OF SELECTED FUNCTION VALUES

177

0U6680
606690
006700
006710
00s720 .
046730
006740
0c6750
0u6T60
006770
066780
006750
046800
056810
0v6820
006830
006840
006850
006860
0066870
0u6880
006890 :

006900
016910
046920
016930
016540
606950
016960
006970
006980
006990

067050
007060
0.7070 -
017080
607090

0u7150
0U7160
007170
037180
607190
0u7200
gb7210
067220
8v7230
007240
0u7250
007260
dur270
dd7280
007290
607300
007310
007320
du7330




i i oS T R G

(DTMENSTAN NDTM) [N CASE ICOL=l. IN CASE 1COL=2s 007340
WA; 18 THE VECFOR OF FINCTION AND DERIVATIVE VALUES 887350
(DTMENSTNAN 28NDIM) WHICH ARE STORED IN PAYRS (I.E. 007360
FACH FUNCTIUN VALUE IS FOLLOWED BY 1TS DEPLIVATIVE 997370
VALUF) . 007380

NN Y™ THE NUMRFR OF POINTS WHICH MUST RE. SELLUTEU OUT OF 007330
THE GTVEN TABLF. : .

oEMARKS

NO ACTION In (aSE IHOW LESS THAM 1.

IF [NPUT VAL UE NDIM IS GREATER THAN IROWs THE PROGRAM

SFIECTS ONLY & MAXIMUM [ABLE OF IROW POINTS. THERFFORE THE

UsrR OUGHT TO CHFCK CORRESPONDENCE HETWEEN TABLE (ARG+VAL)

AND TTS DIMFNSTON BY COMPARISON OF NUIM AND IROWs TN ORDER

Tn GET COPRFCT RESULYS IN FURTHER WORK WITH TABLE (ARGeVAL).

TH1S TEST MAY AF NONE REFORE OR AFTER CALLING ¥ 00

SURROUTINF ATSF. 007500
Qu7sS10

SUYAROUTINF aTSE ESPECIALLY CAN RE USED FOR GENERATING THE 007520

TARLE (ARGevAlL) NFEUED IN SUBROUTINES ALIs AHIs AND ACFI. 0u7530

SURRNIITINES ANN FHNCTION SUBPROGRAMS REQUIRED
NONE p

WMETHNN ; )
SE) ECTION 15 NNNE BY COMPUTING THE SUBSCRIPT J OF THAT
ARGUMENTs WHIMH & NEXT TO X,

AFTERWARDS NETGHROURING ARGUMENT VALUES ARE TESTED AND

SEy ECTED IN THF AROVE SENSE. 0U7620
007630

0-l-l..-o-o'."lo.l...o-'ff'.‘.0.'....!l‘!.-v.l..l.no'é!.-,o.n,-.: 997640
; ¥ 067650

007660

OO0 000000000 OO0COO0O000anNO0O000

DIMENSION Fli)eaRa(1)eVAL L)
IF (TROW=1119+174+1

CASF-DZ=n IS CHECkEN NUT
1 IF(n2)1241742
N=NnIM

IF « IS RREATER THAN TROWe N IS SET EQUAL 10 IROW.
IF (N=TROW) bk eI
N=]o04

COMDUTATTON OF STARTING SUBSCRIPT Je
A=(y=25) /N2+1e5

IF (15546

J=1

1F (=TRMIBRT

=100

Iv=1
n=*
Je=a
DO 16 I=1N

GENFRATIAN OF TARIE ARGJVAL TN CASE D74NE.0.

ARG 1) =7G+FLOAT(TT=1)%N7
IF(TCOL=-7)9+10+10
VAL (1Y =F (11}
GoTn 11
VAL (2%T-1)=F(IT)
ITI=I1+100W
VAL (2#1)=F(ITD)
IF (14 JR=TRNW) 12¢ 15017
IF(1=JL=1)13¢14413
IF (ARG =X)#D7) 14415415
12= 1R+} :
1¥=1+ 1R
GnTn 16

3 = ilel
==
CNANTINUF
RFTHRN




el i

e

165 C
c CaSE NZ=» YUBIUV
17 AGli=29 Gus110
vap e =rany 008120
TF (TCOL=2)19+19418 0u8l130
11 18 VAL (2)=F(?) 408140
19 RETIRN 0u81S0
FND 008160

B.9 Subroutine DQG24A

1 SHASOUTINE DOG26A (XI_o X e XA) 008170

: c 008180
d c o--.---..o--oao--.n--;-.-gfn.o.-.-.c-.nc-g--.uc-.gc_o.gf,.-!..o--.'. 998190

€ F 0u8200

! 5 c <UBROITINE DRGR4 . 008210
C 058220

] @ nURPNSE 008230
C TO COMPUTE TNTFGRAL(FCT(X) . SUMMED OVER X FROM XL 7O XU) 008240

i c 0u8250
19 o 11SAGF 3 008260

i c CALL DNG24 (X eXUFCTaY) 008270

c PADAMETER FrT PEOUIRES AN EXTERNAL STATEMENT 008280

] c : 008290
i C NESCRIPTION NF PADAMETERS 008300
H 15 c XL - no1ALF PRECISTUN 1|LOWER BOUND OF THE INTERVAL. 008310
i & X - DOIALF PRECISTUN (1PPER BOUNU OF THE INTERvVAL. 008320
c FeT - THF NAME OF AN EXTERNAL DOUBLE PRECISIUN FUNCTION 008330

c SURPRNGRAM USEU, 008340

i c Y - THFe OFSULTING UOURLE PRECISION INTEGRAL VALUE. 008350
] 20 c . ' 008360
i ¥ c 2EMARYS 4uaavo
: c NONE 008380
[+ 008390

: (@ GUARNIITINES ANN FINCTION SUBPROGRAMS REQUIRED 008400
: 25 C THE FXTERMAL, NAURLE PRECISTON FUNCTION SUBPROGRAM ¢CT(X) 808410
b C MiST BE FURNVISHED RY THE USER. v 0UB420
c 008430

i ¢ 4ETHON 008es0
i c EVALUATION 1S NONE BY MEANS OF 24~POINT GAUSS QUADRATURE 808450
: kL] c FNRMULAs WHTCH INTEGRATES POLYNNMIALS UP TO DEGREE 47 008460
2 c EXAGTLY. FOD REFECENCE. SEE 008470
i c VeT4KRYLOVe ADDROXIMATE CALCULATION OF INTEGRALS¢ 008480
c MACMILLANY NEW YORK/LONUON. 1962s PPe100-111 ANU 327-340. 008490

{ € "3 : 008500
35 C 0840800000 0000 0,0000000900,000 00000, 0000008000090 0% 0, 000000000 998510'

; c . 008520
£ & 408530/
c 008540

DIMENSTON XA(1) 008550

! 40 c 3 008560
i A=, GDO® (X144 XL) 0uas70

R=Xr=XL : 008580

- €=,49759160999851068N0%A d 008590

XA (V) =Aer s 008600

i 45 XA () =A=( 008610
! C=4487364277985654 75N0#R 0u8620
XA() =A+r ; 008630

B XA (4)=A-0 008640

! C=416913727600116538N0%A 008650
] S0 X4 (Sh=Aen . 008660
3 XA{a)=A=C 0us670
: £=444320776350220052N0*R 018680
3 xa{=)=air ; 008690
<.l 3 XA () =A=( 008700
FASH S5 =«6100AA09238695146N(*R 008710
KA(n) =Aer 008720

X8 (v0)=AC




R

2
i

10

15

15

20

25

30

a5

(]

nnnnnnnnnnnnnnnnnnnnnnnannnnnnnnnnnn

C=,1T0062095789>771anG#R

XA{V1)I=AC

XA {12)=5~C

=, 124044R259684R77aNN"H

XA(13)=AsT

XA (2 4)=A-C

C=e212711735A94410T7N0ER

XA(15)=AC

XA{V6)=A-C

£z 1hRYATEIR]L3u2257N0*R
XA (Y TY=A.0

XA (VBY=A-C
,:_\5757]11QHQ808160096&
XA{1V9)=AsC

XA(20)=A-C

(0=,955594131736818150-14R
A=A

XA(22)=A-C
=-’20?th6h113ﬂ?ﬁl1n-i’3
XA(23)=ALC

XA ({24)=A-C

AT THRN

EnD)

B.10 Subroutine DQG248

SHRRONTINE DRGSR (X oXaFLTeY)

ool.o-co.uounI-o-.u..--.u'fl-fnt.-.-.,,g-qo-u-n-.u
cU4RANTINE DOG24

alRPNSF
T COMBUTE TNTFGRALAFCT (X} . SUMMED OVER X FROM AL 7O XU

1S AGF
CalL DOG24 XL XUFCTaY)
PASAMETER FrT RENUTRES AN FXTERMAL STATEMENT

NESCRTPTINN DF PADAMETERS
XL - nOVRI F PRECISTUN LOWER BOUND OF THE INTERVAL.
X1 - nonALF 2oECISTUN 1PPER HOUNU OF THE INTERVAL.

Fcy - THE MAME OF AN EXTERNAL DOUBLE PRECISIUN FUNCTION

suaPraGRAM USFU,
Y - THE DEGULTING UOURLE PRECISION INTEGRAL VALUE.

DEVARKS
NnUE

CUARNIITINES ANN FUNCTTUN SURPROGRAMS REQUIRED
THE FXTERNAT NNURLE PRECTISTON FIINCTION SUBPROGRAM FCT(X)
MijsT BE FURyISHED AY THe URER.

~ETHNN.
EVALUATION 1S NONF BY ubANS OF 24=POINT GAUSS RUADRATURE
FOoulLAe WHTCH INTEORATES POLYNOMIALS UP TO DEGREE «7
EXACTLYs FNn 2cFFOENCES SEE
V.1.KRYLOVs ACORNXIMATE CALCULATION OF INTEGRALS»
MA~MILLANs NEH YORK/LONUON. 1962 PP2100-111 AND 3a7-340.

o.-.oo-..ao.ano....n.-o.-gf..c.o.o'.;.oo-ooo.-oouyooof’go.-,-n-o-t-

NIMENSTION FCT(DY

fuaTso
ULATED
GuaTTe
fuatTan
buatso
dLaBon
Gusale
Jusadzo
RETET
GudBL0
DUBASH
duaang
GuaaTo
JUEBAD
[-CET]
Gud900
BuE910
QuBs2g
OELRT
0aA940
LaBsS0
DunsH

QUHSTO
CHELET
[‘BEEEL]
dJ9000
fuseln
Gusgzo
ohwdan
Bisdan
dus0s0
U060
fuadTo
buseAn
CEEETTEL
auslon
busiio
buv120
diw130
duslan
449150
Guaisp
fualto
QualAg
Guaig0
WuR200
Gus2io
buszzd
[ IEFRT
0is2up
duazsn
bua2nn
QuszTn
gugzng
Qua2en
Guslen
ousIn
Gusizo
[ TERET]
649340
Bi93s0

1
B
k
J
[




A

019360
R=Xi1=X1, 019370
1=1 0093ar,
=,£170614896993509aN=-2# (FCT (11 +FCT(1+1)) 019390
1=1.2 049400
Y=¥4e1426569631442622N-1%(FCI{I)¢FCT(I+1)) 019410
1=1+2 049420
Y=Y4+a22118719408709003N-18(FCTLI) +FCT(I+1)) 019430
1=1.2 049440
Y=Y 4029649292457 71816CD=-1*(FoI (1) +FCT(1+2)) 09450
1=1.2 009460
Y=Y +036673240705540153N=1*(FCI (1} +FCT(I*1)) 0ug470
1=1.2 09480
Y=Y+ 4300508076597641AN- 18 CFCT (1) +FCT(1+1)) 099490
12142 0u5500
Y2Y4e4RRN9I26052056046D-12(FCI (1) +FCT(1+1)) 009510
1=1.2 049520
Y=Y44537221350579822V TN=-1#(FCTCI) +FCT(1+))) 049530

1=1+2 099540
Y=Y445T7752836026B2A010=18(FCT(T) +FCT(I+1)) 009550
1=1+2 009560
¥=Y4e608715236461901496N-1*(FCI(I)+FCT(T+1)) 019570
I=1+2 0319580
¥Y=Y4e6291R7281T341414AN1#(FCI(T)+FCT(I+1)) 009590
1=1.2 009600
Y=38(¥+,/19690976733176078U= 14 (FCT(I) +FCT(I¢ 1)) 079610
RETIRN ' ' 009620
P 009630

B.11  Function IKIRKP

FA) FUNCTION TKIRKP (UeVeT) 009640
APRIL 11.1974 049650
THIG FUMCTION CNMoUTFS THE KTRKHNFF INTENSITY FUNCTION 899660
AILONG THE U=0 AMDJNP V=0 AXKIS OF THE PLANE 019670
SEE COMMENTS IN TkI%x AND COMPUTE FOR BACKGHOUND INFO. 016680
IT 1S VALID ONLY rOR CONSTANT TEMPERATURE WINDOWSe 05690
NIMENSTON AA (101 009700
COMMON/TFILES/ITI IT64e 1150 LT60ITTH1TA 009710
COMUON/VTICTOR/VV 009720;
COMMONZ/PUTBLK/CS10e0SPRCSITUS2ToXSeNXaNF s MNNTSEPPoFL(200U) o 099730
*FP2(200) yHOLD 9y ALOHAoKF e TLASTS TNEXTo IERR 9 IP9MP Ly ISWeNGAUSS., 019740
+RADWNP1,C3eC) 009750
COMDLEX A J0Q+CRADNICTHETAGYAIUIARQ4A3NIALQYAGRIATO 009760
RFA| KE 0u9765
DATA (AA(T)oT=1010) 710 e=e99999999958,,4999999206,~+ 1666653019 0U9770
*00416573475,-000870) 159840001 32938204« 00014131A140540s/ 009780
vy=v 009790
CAL| RTASDE3(T) 009800
TF(TERR,NELD)Y GOTn 2000 d09810
CTHETAR=NSIT#F L (1) +4,2CS2T*F2 (1) Guos20
CYRETAQ=CTHETAQ#KF 009825
CPHNA=CSIR*F1 (1) ¢4o#nS2R8F 2L 079830
CRHNA=CRUNO*KE 009835
AJ0n=(0,41,) 009840
AP0=CEXP rAJOR*CRHNN) 009850
AN=CEXP (AJOQ#CTHFTAN) 0U9860
A10=AR0-A30 009870
A== (ALPHA®82) 0u9880
IF (A «LT. -1000) 607N 110 009900
£XPa=EXP (A) 809910
AS=2.#(A/ ()1 e~EXPAY) 882 609920
GOTn 120 0u9930
EXPA=0. 009940
AG=D, #ARA 0u9950




4

2 Xz Xs Xz Ia Xz XXz X2l

R=U/s2.

IF(V.EN, N GOTO 200

C=(ALPHA V) 882

1IF(1.EQ.0) GOTO 100

SINa=SIM(R) :
CNSazr0S(R)

AGN=A®#?
RSN=B##D
AAQDEAL=.§!((EXDA.(A’COSB{H’SINB))-Al/(ASquSQ)
AbQVMAG=-.5’((EXPA"&’S'NB-BGCOSB))’B)/(‘SQOBSQ)
A4N=CMPY ¥ (AGOREAL (A4OTMAG)

ARN=ALQ/2,#ALQ
IKInK9=AS’((CABS(AZOOA&O-AGQ))"90(CARS(A30'A604A60))"2\
RETIRN

IF (=A .GT. +693) GNTO 1000

CALL COMDUTE(CoAAFFL«FF291ER)

T1F(1ER.FN.2) GOTO 1000

AT0=A1Q8FF2
IKIQKD=A§’((CABS(AZOGFFl-A7Oll"zO(CARS(A3Q'FF10A7Q))“22)
RETHRN

WwalTE (175410)

FORWAT (/8 ALPHA®83 Tg OUT OF RANGE®)

RETURN

END

B.12 Subroutine COMPUTE

SUAROUTINE COMPUTF (faAAsFULFLVIER)

THI& SURROUTINE RETIIANS Tht AHPRNXIMATION TO THE INTEGRA)

Foz (1/v)##2% INTEGRAL (Y®JO(Y)RF#e(-1Y*#2))DY) OVER (Qsv)
Flzr1/7V)#820 INTEGRAL (JL(Y) #E#® (~CY##2))DY) OVER (0+V) GIveN BY
Fo=r1/V)##28SUM (A (1) #(Co®1)® (INTEGRAL (Y¥#(21+1)#J0(YIUY))) AND
Flz(l/V)a828SUM(A (1) # (Co# 1) ®INTEGRAL yue(21)#J1(YI0Y)y)) UVER(O.V)
FOR I=0eV0eseN

WHEOE THF ALI) ARF GTVEN $FOR EXAMPLE) IN NBS 55 Fo 71

NOTE THAT FOR THE

ADBROXIMATIONS TO BF VALIU» 0Ll=C(=,691

COMMON/VTCTOR/V

DIMENSTON AALD)

REA) I

1FA=1

1=0

F0=TI=Q.

IF(AA(I+1).EQe0.) GNTON 2000

Fo=FOsAA(T+ 1) *(CRaT)wgT (0 T)

FierieAA(TeN®(Conlr e T (o))

=11

60Tn 110

Fp=FQ/Vas?

Flzrl/ves?

RETIIRN

1FR=2

RETIIRN

END

010050
010060
010070
010080
410090
010095
010100
010110
010120
046130
010140
010150
010160
010170
010180

010190
010200
010210
010220
010230
010240
010250
010260
610270
010280
010290
010300
010310
010320
010330
010340
010350
010360
010370
010380
010390
010400
dioslo0
010420
010430
010640
010450

R I M LMD S A e

RN ST
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B.13 Function J)

010460
DFAL FUNATION JT(Te) V10470
2cA; M11.N22 010480
COMMON/YTCTORZY 010490
1F 1=l THEN THIS FINGTION RFIURNS® 010500
INTEGRAL ( (T#8#2N) ) (TANT) OVED (Qev) ulos10
IF 1=0s THEN THIS FIMCTION RFIURNS 010520
IMTEGRAL ({T#8 (2 «1)) 10 (TIVT) OVER (0sV) 010530
SEE LIKE.YeLe WINTERPALS OF RESSFL FUNCTIONS® 010540
MCAoAW @ HILL 19362 (p,.5}) 010550
ne 8BS 56 (P,489) 010560
Ti=t1+l . 010570
AATH (R1ne100) T1 . 810580
IF (renF,N) GOTO 120 0105990
1T=ve=HFSJF (N) 010600
RET1RN Glo610
Ni=-N . 010620
1= #BESF (2) 010630
Exp=2#N 010640
K?1=2 1 010650
G1Tn 130 010660
N1Z-(N+1) " 010670
11=PESJF (1) 810680
E<D=2*N~1 , 610690
K21=1 W ] 010700
N1 1 =N22=) 010710
N2z 42 { 010720
N =ulel 040730
IF(n1.EngH) GOTN 9onn §10740
KPl=K21ls2 010750
LAREL B EIN $10760
NP2=N2R#N? 010770
NZEn2 el ! r 010780
,J!-ul‘x?vanl/N7?»erq;r(xzx) 010790
GATn 1449 . ; 010800 -
ATRUSREXR 2 (NS D) w1 o 010810
RE TURMN . ] 010820
END : 310830

B.14  Function BESJF

. 0LDESD
FUNCTTON RESJF (M) AR
COMUON/VICTOR/V 0LaRAD
COMUON/Te JLES/ZTT, ITa.ITSvlT6vlT1vITB blgare
N=M winARD
D=e001 (10850
CALY RES J{VeNeB.JaneTFR) iosa0
IER=1ER+) ale%ia
AOTA (1042030+40.59) 1ER dlaszo
RES F=R.) 5 blosan
RETHRN biosan
WeITE (1754200) < clo9sa
FNRUAT (# ORDER OF BFS FUN NEGYPRNGRAM STOP®) Glo9no
G0Tn 1000 big9ro
WeTTE (TT75+300) 010990
FARAT (® ARG OF BFS FUN NEG OR ZERDIPROGRAM STOP*) uligan
60Tn 1090 aLip20
WolvE (F154400) ; WiEo3a
FORAT(* ACCURACY OF &FS FUN NOT OBTATNEDPROGRAM CONTINuES®) GLLds0
6nTn 10 wiloRD
WeITE(ITR.500) GiLero
FNRAT(® RANGE FPDOR IN BES FUN. RANGF AOJUSTED“) bllarD
601 10 biklon
STOD i} Grrle
YD) . G120




C
C
C
C
Cc
(o}
[
C
(o}
c
[
Cc
4
C
[
Cc
[of
c
c
c
Cc
C
[
c
C
C
C
C
C
C
[
C
C
C
C
C
C
C
C
C
C

1

20
39

3
32
36

- 36
kL]

40
4l

50

60
70

100

B.15 Function BESY

SUFI0UTTF BESJI(XNeRIeNs IERY

.co.o.to.ooo.oocc.o..o--offc.goo.ooo..ggo,voooo-.?ggoﬁfg.-!'-'o-.-
SUARNNITINF BFS

pURPASE, )
CA4OUTE THE J RESSEL FUNCTTON FOR A GIVEN ARGUMENT AND OROER

NSAGE
CA{ L BESJ(XNeR JaNelER)

RIPTION NF PADAMETERS
nEqS ‘-;ﬁf A2GIMENT OF THE ) RESSE). FUNCTION DESIRLO
N =THE NPNER aF THE J BESSEL FUNCTION DESIRED
A.) =THE RFSHLTAMT J BESSEL FUNCTION
D =REQUIRFN ACCIIRACY
[Fn=RESULTAWT ERROR CONt WYERE
TER=) Nn FRRNR
1FR=1 N IS NEGATIVE
1FR=2 X IS NEGATIVE OR ZERQ
1FR=3 ReOITRED ACCURACY NOT OBTAINED
IER=64  RANAF OF N COMPAQED Tn X NOT CORRECT (SEF REMARKS)

DEMARWS j
N MUIST BE AREATER THAN OR FQUAL TO ZEROs BUT 1T MucT BE
LESS THAN
Fg?oolO'X-x'# 271 FOR X LESS THAN OR EQUAL TU Is
Qaex/2 FOR X RREATFR THAN 15

CURRNITINES ANN FUNCTION SUBPROGRAMS REQUIRED
NONF

SETHON
RERURRENCE oEIATTAN TECHNINUE DESCRIBED BY He GOLDSTEIN AND
nfu. THALER "RFCURRENCE TECHNIQUES FOR THE CALCULATION OF
HESSEL FUNCTINMS".MaToReCosVel3.PPa102-108 AND LeA, STEGUN
AND Mo ABOAUOWTTZ +WGENERATYON OF BESSEL FUNCTIONS oN HIGH
SPEED COMBITERG" oMaT oA (LosVelle19579PP4255-257

v

A)=,0

TF()10e20420

1FR=1

RFTHRN
'F(V,‘9'10'3|

1FR=2

RETIRN

Fo ((=15,1329320 34
}37GT=20,410s#X=Xu® 2/3
Gn 10 36
NTFaT=99,¢X/7e

IF (n=NTE=T)140s3R 8
IFR=6

N=NTEST=}

GATn 41

1FR=0

Misae)

[ERCVY=,0

CoMoUTE STARTING vA)t

IF{¥=5.)5060960
MA=Y*h,

Gn Y0 719

MAZY Q4% eh0e/R
MRz TFTXIX) 7602
MZEoO=MAYN (MA s M4)

SFT UPPER LIMIT OF M

MMAXENTFST
nNo 19n M=MZEROWMMAX Y

011130
011160
011150
011160/
0i1170
011180
011190
081200
011210
011220
011230
011240
011250
011260
011270
011280
911290
011300
011310
011320
011330
011340
011350
011360
911370
011380
011390
041400
011410
dil420
011430
011440
011450
011460
011470 |
011480

011490

011500
011510
011520
011530
011540
811550
011560
411570
011580
011590
011600
011610
011620
011630
011640
011650
011660
011670 |
011680
011690 |
011700
011710
011720

011730
011740
611750
011760
011770
011780
011790
011800
011810
d11820
011830

011840
011650
011860

4P . M Sl




STTB7TO

SET F M) F(M-1) 011880
011890

Fal=1,0F-28 011900
Fuz 9 : 011910
81 PuAz,) 011920
TF Ca={M/2)1#2) 12041104120 011930
Jr=-1 011940
30 0 13e 011950
IT=y 011960
M2 2= Q11970
NN 160 K=1M? 0119a¢
MK ==K 011990
MK =2, #F) DAT (MK) #FMY /X=FM 012000
Fuaz=eM) 012010
FM] =RMK 012620
IF (K=N=1)1509140.15n 012030
R 1=aMK 012040
JT=2J7 012050
S=1+J7 012060 :
Szl eJT : 012070
81.DHA=ZALPHA +RMK #5 012080
HUK =2, #F ] /X=FM 012090
TF (v} 180.17018n 012100
B_)= MK 612110
AP HA=A|_OHA +AMK 012120 !
3.1z0J74) OHA 612130 '
IF (+BS(R 1=-APREV) =185 (N*RJ) ) 200+200+190 012140
RDOREV=R | 012150
1FR=3 012160
RETURN 012170
£N0 012180

B.18 Subroutine GETDATA

SHRN0UTINE GETDATA(DATATNONVLIN«IOUT) s FOUT2¢ 1IN} 2 ISTLE 012199

* o TSTZET L TNDIC) 012200
THE uATw PUODNSE OF Tuls SUARROUTINE IS TO INPUT CHARACTER STRING OR 012210
MIMERTCAL NATA IN A GrOMVERSATIONAL® MODE 1.E. FOR INPUTTING UATA 012220
10 PANGHAMS AFING RIIN UNNER INTERCOM, 012230
1T ALGN MAY af USED FaR RATCH PROCESSING=IN WHICH CASE THE DaTA 012240
GHOULN APPEAR & VALUES Tn A CARD, DATA WHICH 1S NOT TO BE CHaNGED 012250
GHNULN aE REPLACFD Hy By ANKG. FOR BATCH ALL OR SOME OF THt DaTA MAY 012260
aE DEFAVLTED BY USING AM ENR AFTER THE LAST DATA TO 8E INPUTTED. 012270
THE SHANOUTINF ASSUMES THAT DEFANLT VALUES HAVE BEEN ASSIONEN 012280
AND WTLL PRINT OUT THFSF DEFAULT VALHES BFFORE ASKING FOR VATA INPUT, 012290
YT ASKS FOR NFW VALIFS Ay PRINTING OUT THE WNAMES@ OF THE DATA AND THEN QlZJoq
SKTPOYNE & LINEe VALUFS TN RE ASSIGNED TO THE NAMES SHOULL BF 012310
_ENTERFN STARTING IN THE SAME COLUMN AS THF START OF THE NAME, n12320
FACH DATUM TS ASSIGMEN 14 CNALUMNS AND P "T0 6 ITEMS MAY BE INPUTTED 012330
TN 4 STHGLES POW. 012340
ARGUAFNTSHRBssnssidnatiansnant 012350
NATATN  (DIMENSION (Nve?) WHERE NV IS THE TOTAL # OF DATA 012360
T Ar INPUTTED) 012370
NATAIN wOLDS THE FOLLAWTAG TNFORMATINN ABNUT EACH DATUM= 012380
NAME o« A) UEofiNNE WHERF - ; 012330
NAME => NAMF RY WHICH THE DATUM IS IDENTIFIED TO THE USER (It MAY OR 012400
MAY NAT BE EAnAL TO THE ENRTRAN VARIABLE NAME 10 BE ASSIGNED TO THE B12410
NATUM,) 012420
VALUE =+ NUMFRICAL NR CHARACTER STRING VAL UE TO BE ASSIGNED (THE DATUM) 012430
FONE => HAW THF DATUW IS TN Bt INTERPRETED 812440
-1 => CHARACTER STRINA 012450

8 => INTEGER . 012460

1 => CLOATING POINT NUMRER 012470

NV TATA; NUMRER OF DATUM T0 Bk INPUTTED 012480
1IN FTL= N0, FOR INPUTYTING 012490
101111 PoivARY NUTPUT FILF 012500
10472 SFCONDARY QUTPHT FILE 012510
1S12F =» SY7E OF FIP<T NIMENSION OF DATATN 012520

e OOOOODOOOOO

Y e Bl 7 TSI SR

COON0NO0OOOOOODO000000




b e
3 - . = - -- SRS A
§
§
' 3
)
35 r AT4-NSIAY DATAT(TST7FTibACA) 012530
CQMJOM/G"NQE/[XNNM.IOUTNNOINDICC 012540
TMTEGFR NATATNeS 012550
FXTCANAL SSWTCH 012550
J CALI ERRSFT(KOULT 20000 312570
“) C KT YR INT 012580
IFEFNDIC, NEL0) 20ne?10 012590
208 TSM=2 012600
EL . Gi2610
2 L=TuDIC-y 012620
45 GATA VGRS 012630
219 ooNTINUF 012640
1auw=l 012650
[N =02AA00000000N01000S3Y 012660
TTMuN=T TN : 012670 >
Su T NN=TAHTL 012680
tausT=100TH 042690
o=l 012700
IGTRLTES R 012710
CALL SSHTOH(TINT o TS0 1DHREAD DATA o&HFILE=) ¢RETUKRNS (106R) 042720 b
55 ; 1F (IS93 JFR, 1Y 134041290 B 012730
1200 wRTtE (FANTE«LTY 71N ; 012740 i
AF TN TTHM) 012750 i
o an{TINYY DATATN : 012760 !
BEWTAY TTA] UL2770
61 IF (EOF(TTHEY) 14n0,1239 012780 ¢
1409 woITE(INUTIe24) TTM) 012790
1299 onyTI~F 012800
CALL SSUTLHOe IS4 e 1AKDFFAULTS LeSHISTED) s RETURNS (1U6Y) 012810
” IF rISua JNE. 1) 60TA 1170 012820
65 dRITE (TN o)) 012330
Y160 90 321G T=1eNV 012840
T1=7S17Fs1 012850
IAREY 012860 g
117=11+1317E I 012870
0 TE (DATATMETI2)Y 1020.10309)040 012889
3 1720 “91TELINOTT.?) OATATH(TT) SUATAIN(ITD) 012890
G0TA LA 012900 i
1532 W2 [TE (T-HTT3) NaTATM(TI) «DATATNETTLY 012910
aoTn 110 012920
75 1040 WOTTELIUNTTa4) DATATMOET) sUATAINGITL 012930
110 con-TuuF 012940
: GATA (E1RN]1130) 1S 012950
1150 CALI SSMTCH(DeIS45e 1 pHNAME=VALUE «SH MADE) sRETURNS (1061) 012960
i IF (ISWS JFQ. 1Y 1270841050 : ; vi2970
8¢ 1359 =1 ) 4 ! ® 0129R0
2 C ISW=2 =1 012990 : ;
G =~ 013000
1455 L=LsLL ; 013010
CIF L oBT. NV) BOTO 10AD 013020 |
85 ¢ Jaln wolTE (TAUTI«1R) NATATNCISIZR+L) ] 013030
pils=aek 3 Wie : | . 013040 i
no 00 J=)eb : ) \ ; 013050
TaC=lad 013050
110 CONTINUF ] 013070
9 i, TOREAR(TINGIN) (1A () s 1=1e6) : ‘ : 013080
TF (ENFLTTN)) 132001070 043090 !
1120 TNMATCC=1 . 013100 !
anTa 1360 0i3110
1770 1F (1A(1) LE0. TR AN) GOTO TS5 0)3120 §
95 NA YHD Joleb 3 013130 !
nn 80 K-1410 013140 g
IF (MXGETX(IA(J)ekel) oFRs INULY GOTO 1274 013150 ¢
120 CONTINUE 3 ; 013160 ;
3 T 00 196 1=1eb 013170 H
100 )o=L ¢4} ! 013180 3 i
F=NATAINe IR+ 2#1ST7E)Y A 013190
IF (F) 1psdell00s3 100 613200
1799 TF (IACS) N T8} Aux) DECODE (10«11, 168(J)) DATAIN(JIRY 013210 bl
GATA F0AD » 013220
165 1100 CALY RJHSTIIALU) 013230 3
"7 IF (1AL JNE. TRLANK) DECODEt10.12eTACIN) UATATN(JRY 043240 &
60T~ 1089 ‘ . 457 013250 i
1110 CALL RJUSTCIALI)) 313255 §
IF 71804) oNEs TAp ANK) DECODE (1ue13¢1a(J)) DATATNGIRY 013260 2
110 GoTn 1089 . 013270 §
1a0  CONTINUE 013210
106 LL=1 013290
; - TFCTNDIC NFL0) 1 L=1000 : 013300 {
v 1F (KNUNT JENe KOUNTYY GOTO 1055 013310 &
L 186 i
‘ B
o {:
i




P AT A

PR S S

KOUMT I=KNIINT

WRTTE (1N11T1+25)
WRITE(INIITYe23)
WPITE(IDITYeR)

nn 50 1=16

Ta(r)=10u

CONTINUE

QFEAN(TINGLO) (1A{T)eT=146)

. IF (EOF(TIN)) 1331e10R5

INDFCC=]

GATN 1060

TI=vACDY

1F 11 F0, IBLENK) rorn 1060

00 130 [=z1eNV

J=1.1812¢

IF (11 FQ. DATAINC W) GOIO 1160
CONTINUF

ARTYE(TNTL16)

4nTn 127)

F=NaTAINC1¢ISIZFY

A= =1ST7E ;

IF (F) 1170118041190

nn Y60 (=26

IF (IA(T) «EQ. 181 ANK) GOTO 1240
DFCNADE(19¢1141A(TY) nAYAIN(JO‘I ?)
CONYINUE

GOTA 1240 ; ]
CALL RJUSTIIAL2))Y
NDFCADE(19+1201A(PY) NATAIN(JJD

" 6GNTn 1240

CALi. RJUST(IA(2))

nFCNDF(lﬂcIJ.IA(?\) nATAIN(Jp)

YF (KOUNT +ENe KOiINT)) 6OTO (4250+1310) ISW
KOUuTT=KniINT

WRTTE(I01TLe25)

60Tn 125n

weltE (InUT1e14) 2uin

1F (I0UT? Ene 0) GNTN 1130

WRITE (INIT2415)

10U*T=1011T2

1SN=2

60Tn 1160

TaDyC=INNICC

RETIIRN

FOQUAT(/7.% THE NEFAIR T TNPUT VATA ARE®)
FnRuAT(lchlno'-ﬂucayo.oi'D

FNRUAT (1XsAL10e%=%,110)
FOQ"AT(lXoAIO"='.G|6.6)

FORUAT(///)

FNRUAT{/.# ENTEQ NATA, START IN COL. RENEATH START OF NAwmt#)
FORUAT (BY46A10) d
FOQAT (AX)

FORVAT (6A10)

FORUAT(A]9)

FNRUAT(T10)

" FORVATIRID.0)

FORuAT(/o* DATA INPHT CNOMPLETL®)
FNARUAT (/. % THE TNnUT NATA VAL UES ARE'-/)
FORUAT (1¥e® TRY AnATNM#®)
FORWAT (/a1Xe#% REANTNA NATA FDUM #915)
FORUAT(1xeAlDs o0y

FORMAT (RX « *NAME vaLut-....O)
FORMAT(IXo¥ FILF® IG,® 1S EMPTY®) -
FORMAT (1 Xo® NRONG DATA TYPE=TRY AGAIN®)
END

PR ST

013320
613330
013340
913350
013360
043370
013380
043390
013400
013410
013420
013430
013440
013450
013460
013470
0134R0
013490
013500
013510
013520
013530
013540
013550
013560
013570
013580
913590
013600
013610
013615
013620
013630
013640
013650
013660
013670
013680
013690
013700
013710
013720
013730
013740
013750
013760
013770
013780
013790
013800
013810
013820
013839
013840
013850
013860
013870
0138R0
013890
013900
013910
013920
013930
013940
013950

o e

AR

R R R

it




e Cr—

T

st

1o

120
110
170
180

100
140

150
150

B.17 Subroutine PRT

SHRGOUTTNE PRT(3F eMADE o 119 1T oMP (NP oMSKIPyNSKIPsRHOP] S
SNELOHN s YMTNMNEL /o X 1T UeTRIToT16)
DIMENSTON R(100) 4RUF (1) 4D(2) e
DATA XTT,0/ ;

IF (ITT Ene IT) OTH 100

WRITE(ITAC]L) TReT

NN 130 T=] o MPeMSKTP

GOTA 11104120) 4ONE

QUIyzRHOPT ¢DELRHN4 (1=1)

60T 130

RETY YMIaleDELVE(T-1)

CONY INUE

61TA (1704180} MONE ~

WRITE(ITA«?) (R(T)eT=14MPIMSKLP)

GNTn 100

WRITE(ITae3) (R(T1aT=1eMPeMSKIRO)

GOTN (1444150) MOnE

ENCADE(22449D) X1T

GNTN 160

ENCADE(204540) 1) . .
IF (HOD(TT~1sNSKID) LER, 0) WRITE(IT6.6) De
*+(RUT () o =1 sMPeMSK D)

1r1=17 :

1000 RETHRN

—

N & wiv

FARMAT (/7% TIME (SFCANDS)= *G1244% TAU= '612-:{

L3 TR T T o oy N
FORVAT (/8 INTENSTTIFS EVALUATED AT RHN-PRIME=#/(5X+5613.%))
FORUAT (7 INTENSITIES EVALUATED AT V=#/{5Xs5G13.5))
FORVAT(#® X= #G11.5)

FORMAT(# (= #G11,5)
FORUAT (/28107 (5X¢5617.5))
EMN

015000
015010
015020
915030
015040
015050
015060
015070
015080
015090
015100
015110
015120
015130
015140
G15150,
015160
015170
015180
015190
015200
015205
015210
015220
015230
015240
015250
015260
015270
015280
015290
015300




Appendix C

The Evaluation of 1(,0,1) and 1’(0, v,1) Used in the IKIRKP Option
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1. INTRODUCTION

e

Consider the circumstance when the temperature distribution is constant
throughout the window but is a function of time only, viz, w(t). Then, returning
to Eq.- (16), Volume I, we see that:

3
Fi(p,t) = f wi(t) d€ = (§2~§1) wit) = w(t) L/a = F1(t).

%

In a similar fashion, Eq. (17), Volume I, becomes:

p
F2(0,t) = p 2 f dp pLw(t)/a = L w(t)/2a = F2(t).
0

Equation (18), Volume I, simplifies to:

@V(p,t) = abT_ [sf wit) L/a +4 s;' wit) L/Za]

Y ¥ Y,
Lw(t) AT, [s1 + 232] d'().

2. EVALUATION OF V'(u,0,1)

For the condition v = 0 and u arbitrary, then Jj (0)=1 and lim Jl(pv)/pv =1/2.
Equations (25-27), Volume I, reduce to: BT

£ (6.0,8) =p [explikd®) - exp (ika®] /2= pA (1)/2,
TP SR Ml W
£,6,0,t) = p exp(ikd’) - £ .= pA,(t) pAl(t)/Z.
Z = -lg 2 _
fy(p,O.t) = p exp (ikd”) + 1, pAa(t)+pA1(t)/2.
Then, from Eq. (23), Volume i, \

1 ,
-9-
I'(u,0,t) = 2014(1 -exp(-az)) “f exp(-azpz) exp ('-iupz/z)(pA2 -pA 1/Z)dp 2
[

2

1
+ If exp (-a2p2) exp (-x‘.upz/Z) (A5 +pA 1/2) dp
o '

191
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1'(u,0,t) =-2oz4(1 - exp(-az)) | (AZ-A,I/Z) p exp(-azpz)exp (-iup2/2)dp|2
o

1 2

+ I(A3+A.l/2) f P exp(-azpz) exp (-iupZ/Z) dp ;

()

Expressing the integral in terms of sin and cos, we find:

1
fpexp(-azpz)exp(-iupz/mdp =fpexp(-azpz)cos(upz/z)dp
0 0

-

-1 f p exp(-azpz)sin(upz/m do .
0

Let a= -, b=v/2andy = 0% to get:

1
} a :
e® cos by dy - ;— f e® sin by dy =21. < (acosb2+bs§mb) 2
; a +b

o

OO} =

i {e?(asinb-bcosh)+b | - 4

a2’+b2

Thus, we get the final result:

f 4. L 2 : ¥
1'(u, 0,t) = 2a™ (1 - exp(-a ) %l(A2 -A1/2)A4l +1d +a /24|

3. EVALUATION OF 1'(0.v.)
Consider when u = 0 and v is arbitrary. Then,

fw(p) = exp (—azpz) ;

-1
£,(.v, ty=v JI(PV) A 1(t)

fx(p:va t) = p Jo(pv) Az(t) i fZ

fy(p,v,t) pJo(pv)AB(t)+fZ :




e T e

Inserting these functions into Eq. (23), Volume I, the integral terms become:

1 .
| A, f pJ lpv) exp (-a®0%) dp "Alv- J,(ev) exp (-e?0)dp | i
0. o]

1 p:
+ | Ag f PJO(Pv)exp(-azpz)dp +A1v—1

[s)

g 1
Jl(Pv)exp(-az_pz») do| .

Thus, the integrals to consider are:

1 1
pro(pv) exp(—a2p2)dp : v-1 f Jl(pv) exp(—azpz)dp

[¢) )

Let y = pv and obtain:

\' ; Vv

_‘ b1 D] Iy
v2 f ¥, () exp(-azyz/vz) dy; v y le(y) exp (-a“y2/vd) dy .

(o) (6]

In order to perform these integrations, consider a polynomwl approx1mat10n
to exp (-a y /v ). Onp. 71 of Abramowitz and Stegun, varioue approx1mat10ns
to e”¥ are given, valid for the domain 0 =x = O 693 They all have the generic

form: e ¥ = 1+a x+a2x2+a3x3+. 1) el y /v is a maximum at y = v (where

1
= 1) for any value of v, we get the condmon that 0 .<_a-2 = 0.693. Using the poly-
nomial approximations mentioned above, the typical n-th term from each of the

above two integrals will have the form:

WA
2n_-(2n+2) 2n+ P
a e’V fy Joy)dy; a,

v
220 v-(2n+2) fyZn Jl(y) dy.
0 5

On p. 480 of Abramowitz and Stegun1 or p. 51 of Luke,2 we find:

v 0
2n+1 (2k+1)(-n)
20+, o 2n+1 Ly k
Jio (v)—f Mot 1A 8y S e A m¥2), o1V
(o) k=0

Abramowitz, M., and Stegun, I.A., Editcrs (1964) Handbook of Mathematlcal
Functions, National Bureau of Standards, Washington, D.C.

Luke, Y.L. (1962) Integrals of Bessel Functions, McGraw-Hill Co., New
York.

LA AL




¥
43

et G A

vttt e s A

Y a0 | 2n (2k+2)(1-n)
n = n _v k
B T S 2 Wy, 2k

e m¥0)

\'4
Iy dy=1- J,0)

where:

(a) .

a- (a+1) - (a42) ... (atk-1)

(a)k

Since (-n)k"= 0 for k = nt+l and (l-n)k = 0 for k = n, the series terminates.

The above results have been coded in a function subroutine JI (i, n) which

returns Ji2n+1 (v)ifi = 0 and Jin, (v) if i = 1. It uses the IBM Scientific Subroutine
(o] 1 ‘
BESJ to compute the J2k+1(v) and J2k+2( ).




Appendix D

Fortran Listings for the Main Programs in the Altemate TIKIRK
Package Containing All Three Options
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D.1 Modified Main Program TIKIRK

50ARRAM TIKIRK(TAREG=A% . TAPERZ65. TAPE 1200 3¢ TAPE 725134 TAPF 635130
+TAL=62AF.NITEUT=AT)
THIS PUAGRAM CAN BEST RE NESCRIBFU AS THE 1/0 IMTERFACE FUKr FUNCTION
SURRNNITINE Tw1RK WHICH RAMBYTES THE kIRPKHNFF INTENSTTY FUNCTTUN AS
NESCRTAFD TN AFCRL=72-03A%,
T-F TNPUT FALLS TNTO THRFE CLASSESY
1) TAPOT HAVING TO DA 417K PRUPFRTIES OF THE wInDOW MATERIAI AND
THE LASER HEAMGNAMEL Yx (nHANTLTIFS CAS UNp ESS OTHERWISE INUIrATED)
sI6 =>  VV_UE OF STGuA TN GAUSSIAN REAY
| AMH0A => WAVELENGTH (OF THF LIGHI BcAM Ix MICRUNS
oW TATAL BELM PAWER
2 WS TNNOW RADTUR
2ETA 8Lk ABSOnATINN COEFFTCIENT
LY THERMAL GAMDUHCTIVINY
LY TINEX QOF REFPACTTON
512 S CHR=1eSIHDeNHN
]lT G SHg=1sSHD=THETA
][2n 5 SUB=2s 3N p=bHN
527 S SUB=2eSIID=THFTA
i TraF AT wHICH TKTRK IS TO BE EVALUATED
2) INPOT HAVING TO 00 W{TH Tht EVALIATION VOMATIN OF THt FUNrTION
IRTRK ¢ NAMELYY
Xt - => «AUSSIAw c0ral NISTANMCE (METEDRS)
Xy =» MINIMUM y=yal)F FOR FUNCTION EVALUATION (METERS)
x> => MAXTMUM ¥=vA|UE FOR FUNCTION EVALUATION (METERS)
AuUOnl  => MINIMiP4 RANTUS VALUE FNR FUNCTION EVALUATION
RUNS2  => MAXIMI RANTIIS VALIE FOR FUNMCTION EVALUATION
o =s NIMBER OF FysLUATION POINTS TN THE RADIAL DIRECTIUN
ND => NMIMBER Ng fyALUATION POINTS yN THE AXIAL (X) LIRECTION
TI™ =y ARRAY (tjo Tn Q) OF 1IME VALIES FOR FUNCTION EVALUATION
fTIME VALUES Sudtnn BE IN INCREASTING SEQUENCE)
HMTa 2> MINIMU» g=yaltF FOR PUNGTION EVALUATION (SEE MONt)
tralx => MAXTMUY (=vapiie FOR PUNCTION EVALUATION
VMl => MINTMUY yevsplls FOR FUNCTION EVALUATION
YMavy  => MAXTMUY y=vallls FOR PUNCTION EVALUATION
I} TNSUT HAVING TH A0 WITH PROGRAM CONTOOL « NAMEL Y%
cogr  => EPROR YA1F FOR INTFRPOIATINNM OF THE TEMPERATURF
FUNCTTO OUTOUTTED “Y Teups AND INTERPOLATED BY I8M SCIe. SUb, ALIL.
MINT  => NUMHER 0OF TEMPERATURe FIINCTINN POLNTS TO BE USEn IN
THE INTFRPOI ATION (DFFAIN T=6) i
1o9MT => USED TN rOMTRNL UERING OUTPUT (1 CAUSES DEBUG QUTPUT)
(2 CAUSES wWINDOW TEMPERATURE DISTRIBUTION SULTARLE FOR
DISPLAY T0 RE nTPUT)
NGANS =» NUMBER 0OF FUMCTIUN vALUES FOR GAUSSIAN INTEGRATTUN
AONF  => IF MODF=1 THEN THt TNTEMSITY FUNCTION IS EVALUATED AT
EONI=SPACED ¥ AND ReOo0=PRIMF, VALL;ESS IF MoDE=2 IT IS EVALUATFU AT
FONi-SRACED 1| AND V VALIIFS, -
1> => IF 1 USF txIRx. IF 2 USE [KTRKP
(NNTE THAT IkIPkP SHOULD OMLY BE USEU ON THE AXE<
FOR COMSTAMT TEMPERAILURFE WINNOW)
ALL THE AROVF MENTIONFD NATA IS NBTAINED RY TWO CALLS TO Tnt
INTEPACTIVE TNPUT SHRNAUTINE GETNATA DESCRIBEU IN PML TM-ib6. IN THE
FIRST CALL A(L DATA Ts THE FIRST CATFGORY 1S OBTVAINED. IN ?Hr
SECOND rALL ALL DATA TN THE SECOND AND THIRD CATEGNRIES ARE
NRTATNEP. AN EXCEPTIAN TO THIS 1% 12 (COMTROLS USE OF
TKIRK AnD IKTRKP) WHIrH 1S nBTAINED ON THE FIRST CALL TO OETNATA.
FAR a 1 ISTI=G OF DEFAULY FNPUT NDATA IT Ig RECOMMENDED THAT

TIKIRK oF R INTERACTIVFLY UNUER INTERCOM AFTER GIVING THE rOMMAND
CONNECT (TAPE4»TARPESY,

THE MATw OUTBUT OF Tiwlok 1S A SEQUENCE OF UNFORMATTED RELURNS

NF INTEMSTTY VALUES WiTe CORRESPNNDING DOMAIN VALUES, EACH RFLCORD
GONSTSTS OF THE FOLIOwYMG SEQUENCE OF VALUESS

2ECOPN w0, s SIMBER(MPy AF TNTENSTIY VALUES IN THE AXIAL DIRECTION
AXTAL CAORDTMATE X NR Ue TIME VALUE (1) IN SECONDSs NUMBER (nF)

AF INTESSTTY VALUES Ta TWF PAULAL DIRECTINNY MINIMUM RADIAL
CONRNINATE RHUNPL OR vulne MAXLIMUM RADIAL COQRDINATE RHOP2 OR

VMAXs Mo INTENSITY VA UFS,

ENR EACY VALUE OF Te #P DECORDS ARE NUTPUTTED CORRESPONDING 70 THE
NP K EVALHATTON POINTe, THE RECORU NUMBER RUNS FROM 1 TO NP FUR

FACH TIVE VA 1IF,

THERE 4~E STx FILES AgSNCTATEVD WIIH THIS PROGRAM (NOT INCLUDTNG FILE
WONTOTa), THE FILES ARF REFERREN TO IN THE PROGRAM AND ASSOC LATED
QUARNITINES AS IT3eTTasT1TSeI1T69IT/eIT8. THE FILE VALUES ARE TN TURN
ASSIGMEH TO THE USUAL FADTRAN WTAPEN® BY a DATA STATEMENT ANn PROGRAM

v v

o oo dono o honon

¥V VvV VYV VYV

020100
020110
Guol20
dvolso
0u0140
0.0150
040160
0,0170
030150
049190
010200
990210
0u0220
040230
050240
040250
0u0260
0vo270
00280
000290
000300
000310
0vo320
090330
060340
010350
040360
000370
0u0380
0u03990
000400
duosio
000420
000430
030440

000670
00o6ro
fuoe90
0u0700
000710
000720
000730
0u0740

000830




C STATFYEMT StirH THAT Tt3 [=> TAPE3ETCe THS TO CHANGE THE
C ASSNCTATION 1T IS NECFSSARY YU CHANGF EITHER OR BOTH THE DATA AND
C DRNGRAM STATCMENTS,
C THESF FTLES SERVE THE Fni L OWING PURPNSES% s A

173 =» FILE OUTPUTTED RY PRUGRAM TEMPS

YT4 => RINTERACTIVE® TNPUT FILE (SEE GETDATA) :

175 = SINTERACTIVEA auTeuT Flik (SEE GETOATA) A

TT4 =» LISTTNG OF arL TNPIT PARAMETERS AND DEBUG OUTPUT

TT7 =» IINFARMATTEN TNTFNSITY VALUES. ALSO MAY BE USED TU INSERT

ITR =» UNFARMATTEN: TEMDERATURE UISTRIBUTION VALUES

SUTTARLE FnR DTaPLaY PURPOSES
PnEASSTGNED DATA Ta CATEGORIES 2 ANn 3
IN ANNTTION TN THE ABNVF FACTSe THE (ISER SHOULD BE AWARE UF TWO
DRAGAAM BCONSTANTSE, THF FTIRST UNUER THE vARIABLE NAME NT (S THE NUM-
3D NF TIME VALUES PEGMITTEN, AT PRESENT THIS IS SET TO 1VUs (ThE
NIMENSTAN OF THE TIME AcpAy TiM), ALSO NOTE THAT ALL THE TIMf
N=FAINLT VALUFS ARE 7Fo0 FXCERT THE FIRST AND THAT THE PROGRAM STOPS
2S SOAN AS A SUCCEENTWG TIME VALUE 1S LESS THAN THE PRECELUING
TIME VA| Ure
THE SFCOND ArDNSTANT® HAG TN DO WITH THE SIZE OF THE RECORD nUTPUTTED
QY TFMP=, THE SURROITINF RTAPE3 READS THE TEMPS OUTPUT UNUER THE
ASSUMDT 10N THAT ALL ®WnANTAL@ ARRA S ARE OF OIMENSION 82 AND maxlALe
AROAYS ARE OF DIMENZINN 22.SEE COMMENTS WTTHIN SUBROUTINE RTAPE3.
THE TMTeNSUTY FUNCTION TwIRw IS PEFINED ExPLICITLY AS A FUNCTION OF
THE NONNIMENSTONAL ARIARLES U ANU V AND TMPLICITLY AS A rUNCTION
OF NON=nIMENSTONAL TIME TALN THROUGH THE TIME DEPENDANT FUNGTTONS
DH[=THETA AND PHI-RHO AS DEFINED IN THE AROVE REFERENCE. THESE
VARIAALES ADE PASSEN THRNUGH AN ARGUMENT ( IST. ALL @PARAMETERSW
REQUIREN FO® EVALUATINN NF TKIRK ARE PASSED THROUGH BLGTK GOMMON
«PHIALK, THESE PARA (FTERS ARE®
€sle => CBSIR (SEF TKIRK COMMENTS)
cS2n => (8SPR 3"
csio => nesSlT ¥
CS2T  => 78827 U J
xS => GTARTING ARGIMENT FOR FUNCTIONS FleF2 (SEE FUNETTUN
oHT COMMENMTS) 5

nx => TMTERVAL RETWEEN EQUT-SPACED ARGUMENTS OF Fl.fa.
NE => HUMBER NF VALUES OF F1sF2 i
MNNT  => uINT (SEF [uoUT DATA)
FPo => rpSg] "

OISO O
coIciGoICICICITIC
- s s
PN WN
[-X-N-X-3-2

Gt B e o G B G Pow G e G G e oo

NN
[
oo

nnnononnnnnnoononnonnnnnnnonnnnnnn

NN e
N OO
(- X-R-X-J

EL1(20r)=> UNLDS VALIES NF Fl FPUM TEMPS
F2(20r)=> WOLDS VALIES NF F2 FPUM TEMPS
CHOLN | => STORES PHI=THETA (PHI=RHD AND PHI-THETA ARE EVALIATED
‘ STMIILTANEOUSLY)
A => 1/509T(?)sSIn (=ALPHA IN THE ABOVE REFERENCE)
KE SAVE NUMRER
TLAST STORES TIME VALUE READ FrROM TEMPS RECORD
TNEXT . "
TE30  => FRPOR [-NTCATOR FOR RIAPEI (INDICATES OUT OF RANGE
TIME OR 0T nF SEQUENCE TIME) ‘
1P AFRUG OLTPUT ASWITCHe
MPY =NF
1S => SWITCH FOn GAUSSIAN TNTEGRATINNe WHEN ISW=l THEN THE
X_VALIFS FOR GAISSTAN INTEGRATION APE FOUND. .
NGAISE => MUMBER NF PATNTS USED IN THE GAUSSIAN INTEGRATION
(NOTE THAT IS MGAIISS I3 CHANGED THEN THE GAUSSIAN INTFGRATION
CURRO'ITINE MIIST A|.SO BE CHANGFD,} ]
RAD => wINDNW “AnTiIS
NPY => WUMBER NF TFWPERATURF SAMPLES IN AXIAL DIRECTION
(USEN FoR OUTPUTTING LISPLAY COMPATIBLE
TEMPFRATUOE NDATA)
c) => CONSTANT TO DIMENSIONALIZE TEMPERATURE DATA
FOR DISPLAY AT,
cl => FANSTANT 11SEn Tn DIMENSINNALIZE TIME FOR
QFA) KeTKIRKeLAMANAAX oKE
RFAL TKTPKP s IKIRK)
LAGTCAL S
DIMENSION RBUF (100)
COMUVON/TFTLES/ITI IT4eITS1TAITTHITE
chVON/nuyaLK/ca|o.c:an.cSlT.cszr'xs.nx-NF'MNNT,EPP;FAcZog)v
‘F7(’00).HOLD-“OKE.TLASTcTNth'IEPRoIPoMPl'lSHoNGAUSSv
+RANNP L3 Clo[ERMIFRRNAM
INTEGER NATAIN(1NAe?) «DATAINT(100+3)
ConON/RLOCKZIxc.il.KZ-PHOPI.RHODZ-MP.NPcIIM(19)q@PSl
TEMPERATURE NISPLAY i ;
o.mlmv-1owNT.NGAuS.Mnns.unlN.unAx.VMIN.vnAx'DUM(Zo)-MSKIP.NSKIP
COMUON/RI_NCK 1/
. 17012-13-16v15016-l7~MoN'MlcNI.ICN"IUOIQ.NO'NN!.[RUN!
s 1CABD« 1RO INT e IPNGHs TTAPI o1 TARSRHOL +RHOL292ED1 2 ZEDI2+DTAUOY 0
eTALL Ko TALOFF SIS en0ell00 EPSeG] (%) oH1 (&) sMATERINXINETA 001630

NSISISIC ICICICICICIC)

IOIOCOIOIOOOOO0 ICICICIOC O

T=r=r==1

-1
L=
[t
W
o
o0

(o}
C
C
c i
¢ ¢
C
C
c
C
C
c
(o}
C
Cc
C
C
C
Cc
c
[
c
Cc
Cc
[of
C
[

198




+K oL AMADA .S1RsS1TeG20,52Ty ;
4NCNCP e EXPERsPM R 71 4RCe IPLOT PROBNO9 TICU ¢ XLENs YLENsSrALEX
¢SAALEYLSRALEY2oXTITLE(R) ¢ YTTILEL(S) s ¥TITLEZ(S) «NAME

FAUTVALENCE (T1aNaTatn) ¢ (AUSNATATINL) -

HATA (DATATNI(Io]) o T1=192)/7%2080420932190914291141000406.6+30
4440, 9 ) an=y556601,10024,30%905005, +4129212%04 94001 04%0040,43%.015,
+3K Lo ) o 7ol g BE b o, 1AG T4 Us60=0346E=5s [05E=54 0 kE<Se=s1t-5.1,98s
oAU g4 PTRYIHEP4 Tl el edolvaHT204,, quu-.Q.oso...lo-l.
+15HTIME (2FCONe 3riNG) « 3#1H 9 1OHTEMP=DEGH slUH ABOVE AMB»s
equ1H o 1MIMFAN TEMD oJ0H ABOVE 4MRs3#1H o+ TRBARRETT»

o1 HTANIAI NTSe 1 IHTANCE «QHO=94H{CM) o 3H oAH s LOHAXTIAL DIST,
*10HANCE ¢ 7= ICMa 1) g IH o 1H- /

DATA (DATATN(E92) (1214920 /2HT102HI252HI302H]1442H]5
$uc e PHT T JHM e BriN 24T o 2HNTL o 4HICNT o 2HTU 9 2H1G 0 2HNO 9 IHNMK o
eHH ] WIS AT CARPD v AHTPO INT JSHIPNCHSHITAPI s SHITAP4 e 4HRHOL »
¢GAGUD TP ¢ v H7ENL o SHZEN 1 2o GHUTANID + SHTAUMY s bBHTAUOF F 4 3HS1Gy
2005 ¢ 2H11 e IHEPS s GHGL (1) «SHET 12) «SHGL () 95HGE (4) oSHHL (1)

3L (2) ¢ 3IHHT (3) +SHHT (4) « BHMATERTAL +RHDREF s IND o s 4HBETA,
$INT KD FAND e AHL A MDA, THSTRe IHO I T4 JHS2R e 3HS2T
. THREMST TY « OHSPEC  HEAT « AHRAD [US ¢ SHEXPER »
+34o.R «AHRL &0 aH7 1 80 THRZH G IHPL T21Y 42N 6HPROBNO 9 4HTICU,
saan] ENe4uYLENe THY-SPALF « BHY 1 =5CAIE « BHY2=SCALE +6HXTITLE s
142 1136 1HA s [HS L THY TITLF L9 IH2 9 JH30 1H6e s IS THYTITLEZ9 1H2Y
+143, IHb 0 THS e AHOPEDATAR
$A T @ IHA TP e HAT I T4 e IHATS o IHY T Lo ZHY T2 SHY T30 3HY T4
+1H4Y Y5y

NATA (nATﬁTV(I'9).Tzl-Q7)/22‘0-lQ‘ln-lvll’lv-l'lv“‘o'
t=ban®ledqba]ly

NATs (DavatNl(l. l)-v—l.us)/lquo..1000.02000..o..z..loOolnu-lo.-
+08=1,4,0"1ebels?4, ?.-Ao..hu..u.-lo..
41 He IRKHAFF ]vlﬂHwTLMQITv FeoRUNRTION,I9dH o1H <10HTIME TN SE
©RdCANDS e IH s bH o 1u o JGHNON=DTMENS s 10HTONAL RADI.lﬁHAL DIsTANCe
$A4E (Ve lH o LOHNDN=NTMFNS o TUHTNNAL AXTAL10HL DISTANCEe2HsULLH 9545/
DATA (DATAINI(I.PyeT=14487/2HA092HX L 4 2HX2 9 5HRHOP ] s SHRHOP 7 » 2HMP o
$PHNDIZHT) o PHT2 1 2HT e PR T4 s 2HTS 0 2HTH e 2HT T 92HT B9 2HT9 9 IHTI Uy
SSUFE OS] e 4HMINT 9 SHIORMT ¢ SHNGAUS 2 4HMODE » 4HUMIN« 4HUMAK s i3
S4HY TN e HUMAX 3 3HGTT e THSTZ2 9 3HG 1 39 3HS T4, 3HSTD 9 3IHPT1 9 IHP T2y
$ U0 T3 IHO Tl o THPTS  34¥T 1« IHAT20IHA T30 IHA T4 » IHXTS 4 3HYT ] »
$3AY T2 JHY T e IHY T4, JHY TH « SHMSK TP e SHNSK TP/

DATA (DATATNI(L«3)eT=1468) /528428002100 04%0,4¢],20%=]r2%0/
NDATA ET341T0elTSe1TRIT704FB/304:54060708/

NATA (ERUGERPORA/nyVF=15/

I81C=9

Sz ef e

18m=i

MT=|0

CALY GETNATA(DATATN, 324409964 3910043009 INUVIC)

CALY BRETHATA(DATATNY. hﬂ.4!50607v100'300'INUIC)

I (MODF JNE. 1) 50TH 150

NATAINL €7+ 1) =12HRANTAL DIS

NAaTATNL (YRe 1) =1DHTANCE . RHO=

NATAIND (19e1) =1NHDRTUE (CM)

DATAIND (4P D) =10HAXTAL NIST

DATAINLC4T 1) =1UHANAE o X {RE

DATALINE (4G4e1)=10HI ATTVE TO

NDATAINL (450 1) =11HRAIISS FOCU

NATAINL(4A41)=THS) (M)

YRITE (177) DATATM

WITTE (YT7) DATAI4L

TF (MNDF (EQ, 1V &=,7

OEWIND 1T

REAA(IT YN

TIAST=TNCXT=0,

KE=242R31RE4/LAMANA

FRo-E09]

10=1PRNT

MAANISS=NAALLS

LR

NX=Y o /M

MANTSEMINT

MR =Me |

INE R |

IF 1Sy 6nTO 120

XMAYSYMAY

XM I=YMY L

GNTA 14N

X1 1=RHAD )

KA (ZRHNO2

CON~ INUE

Az,7/S1G

08
0u
(1Y)
du
F
05
o
0

001810
001820
631830

802430




et

AR R

240

245

260

2o

2R5

29%

295

&

>

Y e I
e k|
:

R el

C:Dm'(Mx»&24|)/?,/NY
C=Ca+R#RFTA/3, 14150/v
CS1o=Cash
CS20=0PSP
CelT=Co1T
cerPy=Cug2T
RSH=R*R

XH=xHelnn,

Xt=vi#lnna,

X2=y2a100,
Cl=w/RSQ/NFN/CP

NEL Y= (X2-X1) /{ANAYD) (L eNiP=1})
DfL0H0=(UHGP?-R4nol)/(AMAKg(lvMP-X))
DELY= (VaX=VYMINY 7 (A48X0 (19MP=1))
PFLUE (UHAX=UMINY 7 (A4AX0 €1 sNP-1))
WN=R

O =Ne)

Clzr /R

CT=14/X%%

NOFr=)

I1T=y

TR=r=TIiurl)

1€ 1T &I.Ta 04) GOTN 2000

TF (1P LEA,P)  WRITE(TTRY DATATN
T=T+C1

WRITEFIT=4?) T

1F (T «GTe TAUMX) GOTN 20UV
21T=X1

xit=1 /7417

vistpaIn

NN- 109 T=YaNP

Cx=rRaex1 1) ael

TF (S) H-KF®RSOu{x0T-X1T1})
HNIZRHND)

v=ya

DI BRR BORNES FYY

IF (5) VoKE#R®X|TaRHAR

A (J)=CXHIKTRK (Lo VaT)

IF tIERR JNE. 01 GOTA 260V
nHﬂﬂ=QHnﬂ§DELRHﬁ

V=V DELY

CONT TWHIE

WOTTE (TT7) ToNueile TR MDY AMIN s XMAK Y (RIF (J) v =19 MP)
Catr PRYIRUFaMODE S Ta TTaMPoNPeuSKIP oNSK 1P «RHOP T
$IELTHN GV THODELY e X 1T oo TRy To T 16)
NEIENCTI RS

K T=X1T+nFLX

XV1-le/X1T

=l e DFLL

cAanTINIE

TY=rTs})

[F (IT .ATa NT) GATH 2000

To=71=T]MITT) ]
IF (1 «AT. TIMCIT=13) ANTO 1000

2000 vATTE(TT<y1) NREC

W (TS eh) TE M EDDNRM

J;éwE;{Ixnv)THE NIMAEP NF HECURDS 1S=wslh()
FARUAT (17e® MEW VALUE OF TAU 1S®4E13.5)

FAR AT (1Y e 1604ETR b)Y

Fanw AT (1XeaE13.5)

FARvAT (1Y 1604612, 607(7/05A85613.5))

FAR AT(# MAX EROND oARM= #las EST ABS, ERROR INTEG.=

(AR}

&

“E1R.a)

22640
u24590
H24A0
02470
0u26R0
002490
042500
u25190
002520
032530
092540
012550
002560
02570
012580
0u2sao
062600
0u2610
0h2620
02630
Qu2640
002650
0u2660
Gu2670
02680
Uu2690
012700
9u2710
0u2720
042730
902740
052745
02750
02760
bo2770
002780
042750
iu2800
0u2810
02820
022330
02840
0u2850
012860
0:2870
8.28R0
Gi.2890
062900
dL2sto
492920
0u2930
0u2940
81:2950
042960
02970
042980
02990
053600
043610
0u3020
043630
9430“0
043050

31 =¥ =]



D.2 Major Function I’KIRK“Pénaining to Option No. 3 {IKIRK1}

QEAl FUMFTION IMIOK(HeVaT) .,
CnMnou/nHIRLKICQ!D.QQZQ.CSIT-USZTvxSvnloNFoMINT.EPSoFl(an)'
OF?(ZOA).HﬂLD-A.KaTLucT-TNtKT.1ERD-[PchquSNch
+QANGNP L~V Cl e IF DU FORNARM

COMuUON/ZinZlIL eV E ]

FEXTeRNAL FDEALI-FVMAGI.FR@ALPQFIMAGZ

NATA AEROGRERR/1E-341E=6/

Hy=n \

M=y

A2zARA

IF (A2 ,ATe 220.) 1082041080

CONGT=2 #ARHAZ

BTN 1060

CONET=2,9(A2/ (1 ,==XD (=AP) ) ) Bae

CALI RTADEI(T)

‘IF (IERR JME. 0) nOTO 2000
YD!=DCADDE(FPEAL1.0..l..AgRR.uERn.ERRnvatR)
IF (EPRND .GTe £0P0RM) FRRORU=ERROR

IF (IER ,GTe IEwMy TFRM=IER
Yll:DCAnDE(FIMAGl.0..l..AgHR-HERD-ERRnﬂolER)
IF (ENROR oGTe FROOPM) FRROR4SERQOR

IF (IER ,GT. 1ERMy TFRM=ItR
ZDI:DCADQE(FDEAG2.0..].-A;RR-HERDvERRnRvILR)
IF (ERRNR GTe FRONAM} FRRORMSERROR

IF (1ER ,GT. 1ERYMY [FRM=1&R )
T11=DCADIF (FIMAGZ o0, o 1+ s AERRRERR e ERRNR s IER)
IF (ERROD ,GT. ERPOPM) FRRORM=ERROR

1F (IER ,GT. IEM) TFRM=IER
!K[DK:COMQTi(VRIGYR[‘Y]llYllbtﬂlolR107Il'llI)
RFETHRAN

END

D.3  Function FREAL1

FINATTON FREALL (XY

COMUON/U /1o V -

CAM ON/PHTRLK/CSIP e G2R ¢ CELTLUS2T 4 XSenZaNF o MINTWEPSeF L (20U) ¢
*F2(200) «HOLDeAs~ o TLAST o TNEXT W LERO e [P 4P Lo ISU Ny
428D NP1 n3¢CHo [FRMIFRROAM

CAMOLEX Nl eEXPReEXPTFYFYoF7eFW

QEap S0 1) eK

AP=p®4-

N7 =e5%1)

Isw=1

AOTA 100

ENToY FIMAGE

1sw=2

GNTA 100

FATOY FRFAL2

15w=3

GnTa 100

ENTSY FIMAG2

TSuw=b

X2=x#X

X\ =v#y

FizcXP (=a2#X2) #CEYP (TMPL X (VEQ e ~UN2#X2) )
, EXOoSCEXD (CMPLX (00 kORI X)) )

EXPT=CEXP (CMPLX (£ 0k *HALD))

IF (V +En, 0e) FZ=(EXPR-EXPT)I*X/?,

IF (V oNE, 04) FZ=(FEXPR-EXPT)I®JL(XV) 2V

NE=v®)0 (XV)

60T (11ne1209130,140) 1SW

FY=n1#EXPR-FZ

014800
014810
014820
14830
014435
(14840
014850
014852
014854
014860
614870
014880
014850
014900
014910
014920
014930
014940
01495¢
014960
014970
014980
014950
015000
015010
015920
015030
015040
015050
015060
015070

015030
415090
015100
015110
015120
015130
015140
015150
015152
0151564
015156
015154
015160
015162
uil5164
015170
0is17e
uis174
015140
015142
015184
045190
015200
015210
015220
015230
015240
015242
015250




FRFabi=wF AL (FWSFXy 015255
RFTIIRY 015257
FX=n1$EXOP=F7 015260
FREALI=ATMAG(FWaFy) 015279
RETURN 015230
FY=nl#EXPT+FZ 015300
FREAL1=RFAL (FWSFY) 015310
RFT1IRN 015320
FYzn)#EXDTeFZ 0153490
FREALI=ATMAG(FUWsFy) V15350
RFTURN 015390
END 015400

D.4 Function DCADRE

FUNFTION  DCADPE (F.A+RsALRRIRERRYERRORY IER) 015450
e 015460
CeNCADAF = crcmanaGoaraaaat JARADY J - —————— 015470
c 015480
C  FUNCTTON -« INTEGRATE F(X) FRAM A TO B+ USING CAnTIOUS 015490
c ANAPTIVE ROMBERG EXTRAPOLATION, 015500
C  USAGE cUNCTION UCADRE (FeAsBeAERRyRERRIERRNRIER) 015510
C DARAMFTERS  DCADRE - ESTIMATE OF THE INTEGRAL OF F(X) FrOm A TO B, 015520
c F A STNGLE=ARGUMENT REAL FUNCTION SUBPRUGRAM 0145530
c SUPPLTEL BY THE USERe F MUST Be UECLARED 015540
c EXTERNAL In THE CALLING PROGRAM. 015550
c AsB THE TWO ENDPNINTS OF THE INTERVAL OF 015560
[ INTEGRATIONS (INPUT) 415570
[ AERR NESTREL ABSOLITE FRROR IN THE ANSWER, (INPUT) 015580
[ RERR NESTREL RELATIVE FRROR IN THE ANSWER, (INPUT) 015590
c ERROR FSTIMATED BOUND OM THE ABSOLUTE ERROP OF 015600
c THE OUTPUT NUMBERe DCADRE. 015610
c 1ER ERROR PARAMETER 015620
c WARNING ERROR(WITH FIX) = 64 ¢ N 015630
[+ N = 1 IMPLTES THAT ONE OR MORE SINGULARITIES 015640
c WERE SUCCESSFILLY HANDLED. 015650
(4 N = ¢ [MPLTES THATs IN SOME SUBINTEFRVAL(S)s 015660
c THE ESTIMATE nF THE INTEGRAL WAS ACCEPTED '015670
c MERELY BECAUSF THE ESTIMATED LKRak WAS 015680
c
[
C
(o
[
c
C
C
c
C
[
c
c
c
c
c
¢
C
c

SMALL ¢+ EVEN THOUGH NO REGULAR HEHAVIOR 015690
WAS RECOGNIZENs / 015700

TERMINAL ERRNR = 128 + N 015710

N = 3 -~ FAILURE DUE TO INSUFFICIENT 015720

INTERNAL WORKING STORAGE.,. 015730

N =z 4 -= FAILURFe THIS MAY BE UJE 10 TOO 015740

MUCH NOISE IN THE FUNCTION (RELATIVE 015750

TO THE GIVEN ERROR REQUIREMENTS) UR 015760

DUE TO AN ILL-BEHAVED INTEGRAND. 015770

= 5 INDICATES THAT RERR IS GR-ATFR THAN 015780

0ols OR RERR 1S LESS THAN 0.0+ Or RERR 015790

I$ Tou SMALL FOR THE PRECISION OF THE 015800

MACHINE 015810

PRECISION - SINGLE 015820
REAN, IMSL ROUTINES - 1IERTST 015830
LANGUAGE = FNRTRAN 015840
o - = 015850
LATEST REVISION - SEPTEMBER 17+ 1976 015860
615870

DIMENSION T(10410) 4R(10) sAIT (10) oDIF (10) sRN(4) 9T5(2049) 015880
DIMENSTON TREGS (30) o uEGyN(JO)-FINIS(SO).EST(JO) 015890
DIMENSION REGLSV(30) 015900
LOGTCAL H2CONV e ATTKENJRIGHT sREGLAR»REGL SV 015910
REA|L LENGTHYJUMPTL 015920
DATA ATTLOWSH2TOL s AITTOL » JUMPTL 9 MAXTS eMAXTRLWMXSTGE 015930

1 /leloedDeedeo0192069910030/ 015940
DATa ANC1) sHN(2) JRN(3) yRN1GT/ 015950

H : # 71620051 ,34662824 8437591 4+.1263305/ 015960

DATA 7ERO+PToHALF s ONE s TWO+F OUR s FOURPS s TeNos HUN 015970
1 7040+08190065010092,006:0+4.5y10,04100,0/ 015980
ALG402 = ALOGLO(TWD) J 015990
CADRE = 7ERO 016000

EQRNR = 7FRO 01610




g

CHREST = 7ERN

YINTY = Z2FR0

1co = o

LENATH = ARS(H=A) g

TF (LENGTH FQ, 7eRMy G0 TO 215

TF (RERR oGTe Pl AP, RERR .11, 7ER0) GO TU 210
IF (AERR EQe 2ERN AND, (REPReHIN) o1 E. HON} GO 30 210
FRaIn = ROPRP

£ona = ARSLAERR)

STEAMN = (LENGTH/FLAAT (P®¥MXSIGE) )

SYEONY = AMAK] (1 FNGTHeARS (A) 1 ABS(B)) #TEN

STA~E = HALF ]

1STAGE 1

FNST2E 7ERO

onkEvER 7ERO

RFGLAR JFALSE,

Wuny

IHE GIVEM INTERVAL OF INTEGRATION
Is THE FIRST INTERVAL CON<IOERED.
4F6 = A
FaFn = F(REG)#HALF
TS(v) = FREG
1REpR = |
END = B
FENn = F(FND) *HALF
TS(2) = FFND
1Fnn = 2
¢l = ALSE. -
. s INVESTIGATION OF A PARTICULAR
SUBINTERVAL BEGINS AT Teic POINT,
STER = FuD = HEGR
ASTEP = ARS(STFP)
1F (ASTED LLTe STFPu) RO TO 205 3
IF (STEPMUeASTER LEn, STEPNM)Y GO TN 245
Tilel) = FREG ¢ FFND
TAHG = ARS(FAEGY + AAS(FENU)
et
N o= ]
HPCANV = (FALSE,
AYTWEN = JFALSE,
LML = L
L=L 4+
CALAULATE THE NEXT TRAPEZOIN SUMe
T(Lsl)y WHICH IS BASED ON #N2% + ]
ENUISPACED POINTS, HEREs
NP = Ne2 = 2o (L=}),
N? = NN
FN = N2
16TeP = (TEND = TrREny/N
1F (ISTEP oGTe 1) GN TO 2%
17T = TEMD
IENN = TEND & N |
IF (IEND JAT. MAXTS) 6N TO 200
HOVM = STEP/FN
11T = IEnD
F1 = ONE
DN 20 1=z1eN2e2
TSCIIYY = TIS(I7)
TS{I1T1=1) = F(FNN = F] ® HUVN)
=1 = FIeTwO
I = T11-2
1= 17-1
CONTINUF
1STEP = 2
1SYeP2 = THEG ¢ 1g8TFo/2
ShM = Z2ED0
SHMABS = 7FRO
Nn 20 I=1STEPZ2TEMNTSTFP
QU4 = SUM ¢ TS¢I)y
SUMARG = SUMARG + ARS{TS(Y))
CONTINUS
TILe1) = TiL=1e1)aHaLFeSUM/FN
TARS = TARS®HALF+SUUARS/FN
ARST = AQTEP®TARS
N = N2

016020
016030

016050
016060
016070
016080
016990
olaloo
G16110
016120
Gle6130
016140
016150
016160
016170
016180
016190
§16200
016210
016220
016230
016240
016250
016260
016270
016280
016290
016300
016310
016320
016330
016340
016350
016360
016370
016380
016390
016400
016410
016420
016430
016460
016450
016460
016470
016480
016490
016500
016510
016520
016530
016540
016550
016560
016570
016580

016590
016600
016610
016620
016630
016640
016650
016660
016670
016680
016690
016700
016710
016720
016730
016740
016750




OET PRELTMINARY VALUE FOR #yINT#* 016760
FoOM LAST TRAPEZOID SUM AnD UPDATE 016770

THE ERROR REQUIREMENT *ERGOAL® 016780

FOR THIS SUBINTERVAL. 016790

17T =1 016800
VINT -= GTEP®T(L.1) 016810
TAHTLM = TABS*TFN 016820
FNST2ZE = AMAXLT(FNSIZFARS(T(Ls1})) 016830
FOGI = AGTEP#FNST7E#TEN 016840
£oGNAL = STAGE®AMaXY (ERRAYEROR*ARS (CUREST¢VINT)) 016850
COMPLETE ROW L AND COLUMN 1 UF #T# 016860

ARRAY, 016870

FEXTRP = ONE 016880
00 15 I=z1eLM] 016890
cEXToo = FEXTRp#FAIR 016900
*(Iepy = TlLely = TiL=leD) 016910
T(LeTel) = TO.oI) + T{LeL)/ (FEXTRP-ONE) 016920
CONTIMUE 3i6930
FRRER = ASTEP®ABS(T(1.1)) G16940
PRELIMINARY DECISION PROCEDUIRE 016950

IF L = 2 AND Tr2s1) = Tllaldos 016960

GO TO 135 TO FOLLOW UP THF 016970

IMPRESSION THAT INTERGRANN IS 016980

STRAIGHT LINE. 616990

1L +6T. 2) GO TO 40 017000
(TABS+P1#AHS (T (1+2)) LEQ. 1ABS) GO TO 135 g17010

10 15 017020
CACHLATE NEXT RATIOS FOR 017030

COLUMNS lsewssi=2 OF T-TARLE 017040

RATIO 1S SET TO ZERO If DIFFERENCE 017050

In LAST TWO ENTRIES OF €Oj UMN IS 017060

AROUT 7ERO 617070

45 I=2.LM1 017980
nIFF = 7ERO 017090

tF LTARTLM*ARS (T(1-1.L)) «NE.TABTLM) DIFF = T(I-1sLML) #T{I-1sL) 017100
v(i=1.LM41) = DIFF 017110
conTINUE 017120
IF (ARS(ENUR-T (14 M1} ,LEe *2TOL) GO TO 6V 017130
IF (Tl M1} «En, 2FR0) GU To SS 017140
IF (ARS(TWO=ABS(T¢loLMI})) oL1. IUMPTL) GO TO 130 017150

IF (L +5ns 3) 60 70 15 017160
HICANV = JFALSE. 017170
TF (ARS ((T{EsLMI)=Te1eL=2))/TC1oLM1)) LLE, ALTTOL) GO TO 75 017180
IF (REGLAR) 60 TN 55 i 017190
IF (L «FNe &) GO TN 1S 017200
1F (ERRF® .GTe FPGOAL oANUe (ERGL*ERRER) oNE. ERGL) G0 Tn 175 017210
61 10 145 ¥ : 017220
CAUTIOUS ROMBLRG EXTRAPOLATION 017230

IF (H2ComV) RO 7O 6% 017240
ATTW<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>