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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
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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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11,

12,
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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- R<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>