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MPLAW: A MULTIPULSE-SCALING-LAW CODE USING
DATA-BASE INTERPOLATION

INTRODUCTION

Previous attempts to fit the focal-plane irradiance of a laser as a function of various
physical or dimensionless parameters have generally led to more-or-less complicated poly-
nomials. Experience has shown that reasonable fits can be obtained for certain beam
shapes and a CW laser using sets of dimensionless parameters. This may be done by
multiple-regression analysis of the output of a large number of computer runs. Such an
expression usually increases in complexity and decreases in rms accuracy the less the
beam resembles an infinite Gaussian. With the addition of another parameter (overlap
number in the case of a multiple-pulse laser or range for a defocused laser), the multiple-
regression analysis may give a solution having dozens of terms, some raised to high
powers. Because of this the fit can take wide excursions within the range of parameters
for which it is obtained and will deteriorate quickly outside that range.

This report describes a computer program which takes a new approach to the
scaling-law problem. The program provides the average focal-plane irradiance of a
multiple-pulse truncated-Gaussian laser as a function of eight physical parameters by per-
forming a linear interpolation (or extrapolation) of a set of data points. These points
come from a data base contained within the program. The data base consists of 720
points generated by the NRL propagation code and covers a wide range of parameters.
The eight physical parameters used are:

f = focal length,

k = circular wavenumber = 27/},

o = absorption coefficient,

E = pulse energy,
At = pulse spacing,
vy = wind speed perpendicular to the beam,

£ = slew rate, and

D = truncation diameter at the aperture (or the 1/e intensity radius a = D/\/§).
Although this new scaling law by interpolation will require 2 or 3 times more com-

putation time than the simple evaluation of a polynominal, it should prove at least as ac-
curate as the multiple-regression analysis when the data cover a wide parameter range.
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D. MERRITT CORDRAY
DESCRIPTION OF THE DATA BASE

An NRL propagation code with an adaptive coordinant system [1] (in which the
distance between points in the computational mesh increases or decreases as the beam ex-
pands or contracts) was used to produce the data base used by the interpolation program.
The aperture amplitude distribution was Gaussian, truncated at the e~2 intensity radius.
The individual pulse lengths were assumed to be short compared with interpulse spacing.
Self-blooming and atmospheric breakdown were ignored. The effects of jitter and turbu-
lence may be added by root-sum-square addition of areas or other appropriate means.

The equation describing the propagation of the laser beam is solved in terms of five
dimensionless parameters defined as

N, = ka?/f,
NA = Olf,
NS = Qf/vo,
NO = 2‘\/? a/UoAt,
N = 3N(y-1) kafE
b c? vgalt’
where
N = molecular refractivity of air = 0.154 cm3/g,
v = ratio of specific heats = 1.4,
¢ = sound speed = 340 m/s.

The areas computed by the propagation code are normalized to give the area relative
to a focused, unbloomed truncated-Gaussian beam

4 = area Nk2
rel = 9 097q2°

The relative focal-plane irradiance is given by I, = 1/A,;-

The constant 2.09 is the ratio of the areas of truncated and infinite Gaussian beams
in vacuum as calculated by the propagation code. This is within 1 percent of the theo-
retical [2] value 2.074.

The values of A,,) comprising the data base are arranged according to the values of
the dimensionless parameters associated with them. Any combination of the physical
parameters which produces the same dimensionless numbers will give the same A ;. The
values of the dimensionless parameters represented in the data base are
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= 1.0, 1.414, 2.828, 5.657, 11.314,

Ny =
Np = 0, 10, 50, 100,
N, =0, 2, 5,

N, = 5, 20, 80,

N, = 0.0, 0.1, 0.3, 0.6.

The 720 sets of Ny, Np, Ny, N, N4, and A, which make up the data base are
listed in Appendix A. The average focal-plane irradiance inside the 1 - 1/e is given by

_ 0.3048e N4 N2E

I
7T(12 Arel At

The change in A ., between adjacent points in the data base is small enough in any
dimension that linear interpolation between these points is sufficiently accurate for most
purposes. A higher order interpolation/extrapolation scheme can be readily added by any
user finding it necessary.

INTERPOLATION PROGRAM

This algorithm has been programmed in two somewhat different forms, first on
NRL’s new Texas Instruments Advanced Scientific Computer (ASC) and more recently in
an interactive form on the KRONOS time-sharing system, which uses a CDC machine.
The time-sharing version is described below and is listed in Appendix B. It differs from
the ASC version only in minor details, primarily due to differences in the two operating
systems. :

The program operates as shown in the steps listed below. Either physical or dimen-
sionless parameters may be used. In both cases A, will be computed and printed. If
physical parameters are used, the average focal-plane irradiance is printed as well. Param-
eters may be entered one set at a time or in groups of up to 20 values of each parameter,

with the program cycling through all possible combinations of these numbers. The opera-

tional steps are:
1. Determine whether physical or dimensionless parameters will be used.

2. Determine how many values of each parameter will be read and set the loop in-
dices accordingly.

3. Read the number of values of each parameter specified by the user, either five
dimensionless parameters

Ny, Np, N;,, N, Ny

or eight physical parameters
f, ks -D’ Q, Q, vo" E7 At-

3
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D. MERRITT CORDRAY
4. For each set of parameters

a. If physical parameters were read, convert to dimensionless parameters for the
interpolation /extrapolation.

b. Determine if any parameters are outside their allowed ranges. If so, print a
message and skip to step 5 below. The allowed ranges are:

Ny > 0. (For 0 <Ny <1, A, is set equal to 1.)

c. Determine for each parameter whether interpolation or extrapolation is re-
quired and pick the numbers from the data base to be used. If extrapolating, print a
message to indicate this.

d. For each parameter the interpolation/extrapolation looks like #=A (lower
index)+F*[A (upper)-A (lower)]. Determine the value of F for each parameter.

e. Perform the interpolation/extrapolation. The order in which this is done is
NO) ND’ NS’ Nk, NA.

f. Print A,,;. (A check is performed to assure that A, is not less than 1, as
could happen when extrapolating to large Ny.)

g. If physical parameters were entered, compute and print I.

h. If this is a run with more than one set of parameters, repeat from step 4a
until all combinations are done.

5. Ask the user if more data are to be entered. If so, return to step 1. Otherwise
exit.

CONCLUSIONS

This report has described the development of an algorithm which provides the aver-
age focal-plane irradiance of a multiple-pulse truncated-Gaussian laser beam by linear in-
terpolation or extrapolation of a set of points from a data base. This algorithm has been
implemented in interactive form and is available to users on the KRONOS time-sharing
system. A data base consisting of 720 data points obtained using an NRL propagation
code is contained in the interpolation program. It is planned to continually update the
data base as more data for this or other beam shapes become available.
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Appendix A

LISTING OF THE DATA BASE

Ns

O EGEHGEVEOEGEG NGRS RG RO IRV VE VIR VI VIR VIR VIR VD VI VI VL VR I - - B - N - Wl I = e

Np

.00
010
«30
«60
.00
10

.30,

60
«00
10
«30
«60
000
«10
«30
60
«00
«10
«30
o 60
«00
.10
«30
060
«00
10
«30
«60
«00
e10
«30
.60
«00
e10
«30
60

Arel

1.000
1.000

1.000
1.000
1.000
1.000
1.000
1.000
1,000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.600
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
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No Np Ng Ny Ny Arel
1.000 10 0 -5 .00 1,000
1.000 10 0 5 .10 1,000
1.000 10 0 5 <30 1,000
1.000 10 0 5 60 1,000
1.000 10 0 20 <00 1,000
1.000 10 0 20 J10 1.000
1.000 10 0 20 «30 1.000
1.000 10 0 20 e60 1.000
1,000 10 0 80 s 00 1,000
1.000 10 0 80 e10 1.000
1.000 10 0 80 «30 1,000
1.000 10 0 80 « 60 1.000
1.000 10 2 5 .00 1,000
1.000 10 2 5 o 10 1,000
1.000 10 2 5 «30 1.000
1.000 10 2 5 e 60 1,000
1.000 10 2 20 «00 1,000
1.000 190 2 20 .10 1.000
1.000 10 2 20 «30 1.000
1.000 10 2 20 60 1,000
1.000 10 2 80 .00 1.000
1.000 10 ? 80 .10 1.000
1.000 10 2 80 <30 1.000
1.000 10 ? 80 .60 1.000
1.000 10 5 5 <00 1.000
1.000 10 5 5 .10 1.000
1.000 10 5 5 «30 1.000
1.000 10 5 5 e 60 A 1.000
1.000 10 5 20 <00 1.000
1.000 10 5 20 .10 1,000
1.000 10 5 20 «30 1.000
1.000 10 5 20 «60 1.000
1.000 10 5 80 .00 1,000
1.000 10 5 80 .10 1.000
1.000 10 5 80 ¢ 30 1.000
1.000 10 5 380 e 60 1.000
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1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

50
50
50
50
50
50
50
S50
50
50

50

S0
50
S0
50
50
50
50
50
50
S0
50
c0
50
50
S0
50
50
S0
50
30
50
50
S0
50
S0
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Ny

ﬁ
5
5
5
20
20
20
20
R0
80
30
80
5
S
5
5
20
20
20
20
80
80
80
80

.oo
«10
«30
«60
«00
«10
30
60
.00
«10
«30
«60
«00
10
«30
60
.00
.10
30
«60
«00
10
.wo
«60
«00
10
«30
«60
«00
«10
«30

60

«00
010
e 30
60

Arel

1.000
1.000
1.000
1,000
1.000
1.000
1.000
1.000
1,000
1.000
1,000
1.000
1,000
1.000
1.000
1,000
1.000
1,000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
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Ng Np Ng Ng Np Arel
1.000 100 0 5 «00 1,000
1.000 100 0 5 10 1.000
1.000 100 0 5 «30 1,000
1.000 100 0 5 60 1,000
1.000 100 0 20 «00 1.000
1.000 100 0 20 10 1,000
1.000 100 0 20 30 1.000
1.000 100 0 20 60 1.000
1.000 100 0 80 «00 1.000
1.000 100 0 80 «10 1000
1.000 100 0 80 «30 1.000
1.000 100 0 80 «60 1,000
1.000 100 2 5 ' «00 1.000
1.000 100 2 5 10 1.000
1000 100 2 5 30 1.000
1.000 100 2 5 «60 1.000
1.000 100 2 20 «00 1.000
1.000 100 -2 20 «10 1.000
1.000 100 2 20 «30 1.000
1.000 100 2 20 «60 1.000
1.000 100 2 89 «00 1.000
1.000 100 2 80 10 1.000
1.000 100 2 80 «30 1.000
1.000 100 2 80 «60 1.000
1.000 100 5 5 «00 1.000
1.000 100 5 5 10 1.000
1.000 100 5 5 «30 1.000
1.000 100 5 5 «60 1.600
1.000 100 5 20 «00 1.000
1.000 100 5 20 «10 1.000
1.000 100 5 20 «30 1.000
1.000 100 5 20 60 1.000
1.000 100 5 80 +00 1.000
1.000 100 5 80 10 1.900
1.000 100 5 80 «30 1.000
1.000 100 5 80 «60 1.000
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H'be
lobl4
l.414
H.'N*.Hb
H.N?H.b
lotl4a
H.bpb
1414
l1eal4s
le4l4
le4l4
le4l4
lettl4
le4l4
le414

leals

le4l4
lo4l4
les4la
letla

le4la

le4lds
le4la
l1.414
le4l4
l.414
leala
H..b-u.b
le4ld
ledla
1.414
H.be
l.414
le41l4
W.#HN&
H‘N*Hb

UZ

OO LD OO OO DCOOOTC OO T CDC OO0 C DD OOODO0O
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0

30
30
80
80

10-

.00
10
« 30
60
«00
10
«30
«60
«00
«10
«30
60
« 00
«10
«30
60
«00
«10
«30
«60
«00
010
«30
«60
«00
«10
«30
«690
«00
e10
«30
60
«00
10
«30
«60

Arel

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1,000
1.000
1.000
1,000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
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No Np Ng Ny - Np Arel
1.414 10 0 5 «00 1.000
1.414 10 0 5 «10 ‘ 1,000
1.414 10 0 5 «30 1.000
leb14 10 0 5 .60 1.000
1.414 10 0 20 «00 1.000
1.414 10 0 20 .10 " 1.003
1.414 10 0 20 <30 1.003
1,614 10 0 20 .60 . 1,003
1e414 10 0 80 .00 1.000
l1.414 10 0 80 .10 1.019
1.414 10 0 80 ¢30 1.019
1.414 10 0 80 «60 1.019
le414 10 2 5 «00 1,000
1.414 10 2 5 e10 1.020
le414 10 2 5 .30 1.020
1414 10 2 20 «00 1.000
1.414 10 2 20 e10 . 1.001
1.414 10 2 20 «30 1.001
1.414 10 ? 20 .60 1.001
l1.414 10 2 80 <00 1.000
let14 10 2 80 010 1.000
l1.414 10 2 80 «30 1.000
1.414 10 2 80 o 60 1.000
let14 - 10 5 5 .00 1,000
1414 10 5 5 .10 1.020
1.414 10 5 5 «30 : 1.020
1e614 10 5 5 «60 1.020
1e414 10 5 20 .00 1.000
l.414 10 5 20 e10 1.001
1e414 10 5 20 «30 1.001
l1.414 10 5 20 +60 1.001
1414 10 5 80 <00 1.000
lebla 10 5 30 .10 1.000
1.414 10 5 30 «30 1.000
le414 10 5 80 e60 1.000

11
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l.414
l.414
ledly
lo4l4
l.414
le4l4
leal4
1.414
l.414
l.414
l.414
l.414
1.414
l.414
l.414
le4l4
1414
le4la
le4la
l1.414
le414
1.41“
le4l4
le4la
leala
le4l4
le4l4
l1ea414
le41l4
le4l4
le414
ledbla
l.414
le4l4
le4l4
14414

50

50

50
50
50
50
50
50
50
50
S0
S0
50
590
50
S0
50
S0
50
50
50
S0
50
50
50
50
50
50
50
50
50
50
50
50
50

50
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2

TGRS

12

«00
10
«30
60
.00
10
«30
.60
«00
«10
«30
60
«00
010
«30
60
«00
10
030
«60
«00
«10
«30
«60
«00
010
«30
60
.00
10
«30
«60
«00
«10
«30
«60

Arel

1.000
1.061
1.056
1.031
1.000
1.049
1.067
1,061
1.000
1.070
1,065
1.056
1.000
1.003
1,002
1.002
1,000
1.010
1.010
1.010
1,000
1.003
1,002
1.002
1.000
1.002
1.002
1.002
1.000
1.007
1.007
1.007
1.000
1.000
1.000
1.000



l.414
l.414
leG14
le4l4
1.414
10414
ledla
1.“‘1‘.
1.414
1.414
le4ls
l.414
l.ala
lo4l4a
1.414
lo414
1.414
le4l4
la4l4
le4l4
le4ly
l.414
10414
le4l4
1041‘4
l.4l4
1.414
letla
l.414
1.414
lettl4
le414
l.414
le4l4a
lo414

100
100
100
100
100
100
100
100
100
109
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
160
100
100
100
100
100
100
100
100
100
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20

20
20
20
80
80
30
80
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«00
e10
«30
60
«00
e10
«30
«60
.00
e 10
«30
60
«00
«10
«30
60
«00
10
«30
60
«00
10
«30
60
<00
.10
«30
60
«00
«10
«30
60
« 00
«10
«30
60

Arel

1.000
1.213
1.205
1.197
1.000
1.312
1.270
1,243
1.000
1.262
1.256
1.307
1.000
1.017
1.016
1.015
1.000
1.025
1.025
1.024
1.000

. 14015

1.014
1.012
1.000
1.006
1.002
1,002
1.000
1.014
1.014
1.013
1.000
1.017
1.016
1.014
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2.828
2.H428
2.828
2+828
2.828
24828
2.828
2.828
2.828
2.828
2.828
2.828
2.828
2.828
2.828
2.828
2.828
2.828
2.828
2828
2.828
2.828
2.828
2.828
2+82FR
2.828
2.R28
2.828
2.82&
2.828
24828
2.828
2.828
24828
2.828

&
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2

20

14

«00
«10
«30
«60
«00
«10
«30
60
«00
«10
«30
60
+00
e10
«30
60
«00
10
«30
60
«00
«10
«30
+60
«00
«10
«30
60
«00
<10
«30
60
«00
e10
«30
«60

Arel

1,000
1.000
1,000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1,000
1,000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1,000
1.000
1,000
1,000
1,000
1.000
1.000
1.000
1,000
1.000
1.000
1.000
1.000
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rel
2.828 10 0 5 .00 1.000
2.828 10 0 5 e10 1.080
2.828 10 0 5 «30 1.063
2.828 10 0 ) «60 1,041
2.828 10 0 20 «00 1.000
2.828 10 0 20 10 1.062
2.828 10 0 20 «30 1.052
2.828 10 0 20 60 1.019
2.828 10 0 80 «00 1.000
2.828 10 0 80 «10 1.060
2.828 10 0 80 «30 1.057
2.828 10 0 B8O 60 1.037
2.828 10 2 S «00 1.000
2.828 10 2 5 10 1.000
2828 10 2 S «30 1000
2.828 10 2 5 60 1.000
2.828 10 2 20 «00 1.000
2.828 10 2 20 10 1.009
2.828 10 2 20 «30 1.009
2.828 10 2 20 «60 1.009
2.828 10 2 80 «10 1.023
2.828 10 2 80 «30 14023
2.828 10 2 80 60 1.023
2.828 10 5 o) 00 1,000
2.828 10 5 5 10 1.000
2.82% 10 5 5 «30 1.000
2.828 10 5 5 «60 1.000
2.828 10 ) 20 «00 1.000
2.828 10 5 20 «10 1.005
2.828 10 5 20 «30 1.005
2.828 10 5 20 «60 1,005
2.828 10 5 80 «00 1.000
2.828 10 5 80 10 1,023
2.828 10 5 80 «30 1.024
2.828 10 5 80 60 1.024

15
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No

2.828
2.828
24828
2.828
2.H828
2.828
2.828
2.828
2.828
2.828
2.828
2.828
2.828
2.82"8
2.828
2.82H
2.828
24828
2.828
2.828
2.82¢
2.82R
2.828
2.828
2.828
2.828
2.828
2.828
2.828
2.8728
2.828
2.828
2.828
2.828
2.82¢&
2.828

S50
50
50
S0
50
50
50
50
50
50
S0
S0
50
50
50
50
50
50
50
S0
50
50
50
50
50
S0
50
50
50
50
50
50
50
50
50
S0
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20
20
20
80
80
80
80

5
20
20
20
20
80
850
80
80

16

00
e10
«30
«60
«00
«10
«30
«60
«00
«10
e 30
«60
«00
«10
«30
«60
«00
«10
30
«60
«00
10
«30
«60
«00
e10
«30

e

«00
«10
«30
«60
00
«10
«30
«60

Arel

1.000
2.656
2.467
2e.441
1,000
3,813
3.390
3.232
1.000
4,298
3.764
3.288
1.000
1.275
1.251
1.183
1.000
1.274
1.256
1.230
1.000
1.240
1.227
1.205
1.000
1.044
1.042
1.027
1,000
1.038
1.036
1.035
1.000
1.056
1.050
1.062



2.828
2.828
2.828
2.828
2.828
2.82¢8
2.828
2.828
2.828
2.828
2.828
2.82R
2.828
2.828
Z.828
2.828
2.828
2.828
2.828
2.828
2.828
2.828
2.82R
2.828
2.828
2.828
2.828
2.828
2.828
2.R28
2.828
24828
2.82"%
2.828
2.82¢8
2.828

100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100

NV NNTUVHR VNN TIITFIAIRNNNN NNV VNN DO OODOODOOT O

2
o
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«00
e10
«30
«60
«00
e10
«30
60
«00
«10
«30
260
.00
e10
«30
«60
«00
«10
«30
60
«00
10
«30
60
«00
«10
«30
«60
«00
e10
«30
«60
«00
e10
«30
«60

rel

1.000
5,196
5,264
5.112
1.000
9.592
9.234
8.490
1.000
12,144
11.267
10,572
1.000
2.165
2.205
2.108
1.000
2,441
2.229
2,144
1.000
2.519
2.439
2.205
1.000
1.286
1.276
1.256
1.000
1.304
1,283
1.229
1.000
1.267
1.259
1.259
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D. MERRITT CORDRAY

NO ND NS Nk NA Arel
5.657 0 0 5 «00 1.000
5.657 0 0 5 «10 1.000
5.657 0 0 5 «30 1.000
5.657 0 0 5 60 1.000
5.657 0 0 20 «00 1.000
5.657 0 0 20 «10 1.000
5.657 0 0 20 «30 1.000
5.657 0 0 20 «6Q 1.000
5.657 0 0 80 «00 1.000
5.657 0 0 B0 10 1.000
5.657 0 0 80 «30 1.000
5.657 0 0 80 60 1.000
5.657 0 2 S «00 1.000
5.657 0 2 S 10 1.0600
5.657 0 2 5 «30 . 14000
5.657 0 2 5 «60 1.000
5.657 0 2 20 «00 1.000
5.657 0 2 20 .10 1.000
5.657 0 2 20 «30 1.000
5.657 0 2 20 «60 1.000
5.657 0 2 80 «00 1.000
5.657 0 2 80 10 1.000
5.657 0 2 B0 30 1.000
5.657 0 2 80 60 1.000
5.657 0 5 5 00 1.000
5.657 0 5 5 «10 1.000
S5.657 0 5 5 «30 1.000
5.657 0 5 5 o650 14000
5.657 0 5 20 «00 1.600
5.657 0 5 20 «10 1.000
5.657 0 5 20 «30 1.000
5.657 0 5 20 «60 1.000
5.657 0 S 80 «00 1.000
5.657 0 5 80 «10 1.600
5.657 0 5 80 30 1.000
5657 0 5

80 «60 1.000

18
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Ng Np Ng Ny Np Arel

5.657 10 0 5 «00 1.000
5.657 10 0 5 10 1.175
5.657 106 0 5 «30 1.143
5.657 10 0 5 60 1.068
5.657 10 0 20 «00 1.000
5657 10 0 20 10 1.300
54657 10 0 20 «30 1.179
5.657 10 0 20 60 1.155
5.657 19 0 29 «00 1.000
5657 10 0 80 «10 1.245
5.657 10 0 80 «30 1.217
5657 10 0 80 o660 1.106
54657 10 2 5 «00 1.000
5.657 10 2 5 «10 1.000
5.657 10 ’ 5 «30 1.000
5657 10 2 5 «60 1.000
54657 10 2 20 «00 1.000
5.657 10 2 20 10 1.013
5.657 10 Ved 20 «30 1.011
5.657 10 2 20 60 1.011
S.657 10 2 80 «00 1.000
5657 10 2 80 «10 1.049
5.657 10 2 80 «30 1,043
5.657 10 2 80 60 1.041
5.657 10 5 5 «00 1.000
5.657 16 5 5 «10 1.000
5.657 10 5 5 «30 1,000
54657 10 5 5 «60 1.000
5.657 10 5 20 «00 1.000
54657 10 5 20 10 1.007
54657 10 5 20 «30 1.007
S.657 10 5 20 «60 1,007
5.657 10 S 80 « 00 1.000.
54657 10 5 80 10 1.030
5.657 10 5 80 «30 1.029
5.657 10 5 80 «60 1.029

19
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No

5.657
5.657
5.657
5.657
S.657
5.657
5.657
5.657
5.657
Se657
5.657
5.657
5.657
5.657
5.657
5.657
5.657
S.657
S5.657
5.657
5.657
5.657
5.657
5.657
5.657
S.657
5.657
5.657
5.657
5.657
5.657
5.657
5.657
5.657
5.657
5.657

50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
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2

20

«00

10

«30
60
«00
«10
«30
60
00
.10
«30
«60
«00
«10
«30
60
«00
10
«30
60
«00
«10
«30
«60
.00
«10
«30
«60
«00
«10
«30
-60
«00
e10
«30
«60

Arel

1.000
S.463
5.251
4.566
1.000
10.228
9,883
8.057
1.000
14,471

11,906

10,072
1.000
2.035
2.032
1.753
1.000
2.234
2.176
1.868
1.000
2416
2.130
1.882
1.000
1.214
1.158
1.136
1,000
1.218
1.197
1.130
1.000
l.221
l.164
1.161



5.657
5.657
5.657
5.657
5.657
5.657
5.657
5.657
5.657
Se657
5.657
5.657
5.657
5.65%7
5.657
5.657
5.657
5.657
5.657
5.657
5.657
5.657
5.657
5.657
5.657
5.657
5.657
5.657
5.657
5.657
S5.657
5.657
5.657
5.657
5.657
5.657

100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
190
100
100
100
100
100
100
100
100
100
100
100
100
100
100
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«00
e10
«30
«60
«00
«10
«30
260
«00
«10
«30
60
00
«10
«30
«60
«00
10
30
60
«00
10
«30
60
«00
«10
«30
«60
«00
10
«30
«60
«00
°10
«30
60

Are1
1.000
13.521
12.642
11.783
1.000
27.688
264,389
23.237
1.000
40.567
37.536
33.964
1.000
5.826
S.501
5.052
1.000
6.934
6.694
6.047
1.000
7554
6.813
6,056
1.000
2319
2.127
1.989
1.000
2.299
20205
24148
1.000
2.354
24264
2.189
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D. MERRITT CORDRAY

No Np Ng Ny Np Arel
11.314 0 0 5 «00 1.000
11.314 0 0 5 10 1.000
11.314 0 0 5 «30 1.000
11.314 0 0 5 «60 1.000
11.314 0 0 20 «00 1.000
11.314 0 0 20 10 1.000

11.314 0 0 20 +30 1,000
11.314 0 0 20 «60 1.000
11.314 0 0 80 «00 1.000
11.314 0 0 80 10 1,000
11.314 0 0 80 «60 1.000
11.314 0 2 5 «00 1,000
11.314 0 2 5 10 1.000
11.314 0 2 5 «30 1.000
11.314 0 2 5 «60 1.000
11314 0 2 20 «00 1.000
11.314 0 2 20 10 1.000
11.314 0 2 20 «30 1.000
11.314 0 2 20 60 1.000
11.314 0 2 80 «00 1.000
11.314 0 2 80 10 1,000
11.314 0 2 80 «30 1.000
11.314 0 2 80 60 1.000
11.314 0 5 5 «00 1,000
11.314 0 5 S 10 1.000
11.314 0 5 5 «30 1.000
11.314 0 5 20 «00 1.000
11.314 0 5 20 e10 1.000
11.314 0 5 20 +30 1.000
11.314 0 5 20 «60 1.000
11.314 0 5 80 e 00 1.000
11.314 0 5 80 10 1.000
11.314 0 5 80 «30 1.000
11314 ° 0 5 80 «60 1.000

22



Np

11.314
11.314
11.314
11.314
11.314
11.314
11.314
11.314
11.314
11.314
11.314
11.314
11.314
11.314
11.314
11.314
11.314
11.314
11.314
11.314
11.314
11.314
11.314
11.314
11.314
11.314
11.314
11.314
11.314
11.314
11.314
11.314
11.314
11.314
11.314
11.314

10
10
10
10
10
10
10
10
10
19
10
10
19
10
10
10
10
10
10
10
10
10

10
19
10
10
10
10
10
10
10
10
10
10
10

2
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«00
o10
«30
«60
«00
<10
«30
«60
«00
«10
«30
«60
«00

o110

«30
60
«00
«10
«30
«60
«00
«10
«30
«60
«00
«10
«30
«60
«00
10
«30
«60
.00
o 10
«30
«60

rel

1.000
1.354
1.298
1.231
1.000
1.741

1.304

- 1.000

1.736
1.488
1.271
1.000
l1.016
1.008
1,000
1,000
1.030
1.026
1.020
1.000
1.021

‘1,048

1.039
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.036
1.035
1.033
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No

11.314
11.314
11.314
11.314
11.314
11.314
11.314
11.314
11.314
11.314
11.314
11.314
11.314
11.314
11.314
11.314
l11.314
11.314
11.314
11.314
11.314
11.314
11.314
11.314
11.314
11.314
11.314

11.314

11.314
11.314
11.314
11.314
11.314
11.314
11.314
11.314

50
S0
50
S0
50
50
50
50
50
50
50
50
S0
50
50
50
50
590
50
59
50
50
50
50
50
50
50
50
50
50
590
50
50
50
50
50
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«00
10
«30
«60
.00
«10
30
60
«00
«10
«30
60
«00
10
«30
260
«00
10
«30
+60
«00
e10
30
60
000'
«10
«30
60

- «00

«10
«30
60
«00
«10
« 30"
60

Arel

1.000
6.570
5.953
5.057
1.000
17.798
14.808
11.426
1.000
29.072
23,087
16.939
1,000
3,016
2.654
2.421
1.000
3.861
3.447
2.955
1.000
4 437
4.176
3.020
1.000
1.460
1.506
1.403
1.000
1.588
1.444
1,417
1.000
1.496
1.438
1.397



Ny

11.314
11.314
11.314
11.314
11.314
11.314
11.314
11.314
11.314
11.314
11.314
11.314
11.314
11.314
11.314
11.314
11.314
11.314
11.314
11.314
11.314
11.314
11.314
11.314
il.314
11.314
11.314
11.314
11.314
11.314
11.314
11.314
11.314
11.314
11.314
11.314

100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100

2
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«00
.10
«30
«60
«00
e10
«30
«60
«00
«10
«30

60

«00
10
«30
«60
«00
10
«30

"e60

«00
10
«30
«60
«00

10 .

.30
«60
«00
«10
«30
«60
«00
«10
«30
«60

i

Arel

1.000
13,783
12,599
11.344

1.000
41,799
39,364
33.986

1.000
52.812
77.421
56,499

1.000

7.534

7.221

6.401

1.000
12,941
11.771
10.282

1.000

16.571

15.976
11.787
1.000
3.637
3.369
3.197
1.000
4,164
4,009
34393
1.000
4,618
3.970
34440
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Appendix B
FORTRAN LISTING OF PROGRAM MPLAW

00100 PROCGRAM MPLAW(INFUTCUTPUT)

00110 PEAL MOSNDNSsANKeNA

00120 DIMFENSION PNS(3)sPNC(S5)9PNN{4)«FNK(3)4PNA({L4) 9 A(T720)9R(37)

00130 DIMFNSION X1(20)eXP(20)e¥3(20)eX4(20)4XS(20)eXA(20)eXT7(20)eX8(20)
00140 DATA (PNS=0,02.9C4) 9 (PNN=1,91,41442.,R28¢5,A57911,314).

00150+ (PNN=040100050e9100,)9(PNA=0,.904100439046)0

00160+ (PNK=5,470.980.) e (PT=3,141592654)

00170+

00180+ DATA RASFE,

00190%

00200 DATA(A=187%1,4160891e17501e3544100140Ff102.h5695.4h396.5791491.213,
00”10+ 5¢196913.521+413.78346%109140202%1491401691491.0039147275+42,0350
00220+ 3601691001001 702e1AS95,R2A97.53446%1,9140204%1491.00291,04441,214,
00230+ 164891,0).0009)1.286¢2,31943.6370A%14.91.00391.06291,391.741el.s
00240+ 14049¢3.813410.7228417.79841.91631299.592927.6R8+41,799+6%1.91,001»
00250+ 160090101301 ¢0301¢0160191027492.234+43.86191001e02592,441464934,
00760+ 1269419671 491400101.00591.00792%1491.00701.038+1.21R41.58841,0
007270+ 1001491¢30492429904416856%1,.91401991.0651.24541473F01491.0744.298,
007280+ 1604719290 7201001eP92912.144440,567992.81297%#1491,07351.049,
007290+ 1602191e91e0039102442e41604.437514914015926519974554416e57107%*140
00300+ 1602391 e02¢1403692#1 4914056414221 91443691.91:01741.2A742.354
00310+ 4,61RB¢7#)491406391414301426801401.05642.467+5,25145,95341401.2050
00320+ 5ePb4412.662412e55946%)149140292%14001.00851001,002+1.25192.032
00330+ 2e¢65401.91001602e¢20595e80107.22196%149140204%1091.007¢1.042+1.158,
00340+ 1650601e91400201027692e12793.36996%1,41400391,052014179914571»
00350+ 1e91e0A79302995.883414.80891491¢2799.234926.389+439,36446%1.41.0015
00360+ 160096101101 e02691.9100101425692,17693.46791491.075426229+6.694,
00370+ 11477106%1091.00191,005+1.00702%1,01,00791403691419741,44441091.014y
00380+ 1:28342.20504.00996%1491e01951.05791021791e48841001.065+3.764511.906
00390 NATA (A(I)s1=4G5,720)/23.08701,91,256911.267437.536477.42197%14,91,023,
00400+ 160630106891 091600P10162279241394.17601091e01492.43946.813415.976+
00410+ 7#1 4910024410299 1403592%1091e0541e16491.43891041.01641.259+2.264,
00420+ . 349797%1.91.041341.06891623191001.03142.44194,566+5.057+1491.197,
00430+ 5e1129511e7830110e34446%1091e0294%)1,91.00291418391.75342,421410s
00440+ 1e015072¢108¢5.05206.40196%1401.0294%1,91.002+1.027+1.13691.403514>
00450+ 1e00291425691098993,19796%1491e00391.01991415591e30491491.0610
00460+ 3¢23208,0%7911642691691424348.49423.237933.98646%1,41,001+1.009,
00470+ 1¢01191e0701e91e0101423914868+2e95591491.02492.14446.047410.282
00480+ 6%1¢91600101.00591.00792%1091¢00791e03591341391041741,91.013+1.229+
00490+ 2e14893,36345%)1,91401991.03791.10651.27151041.05643.288+10.072,
00500+ 16693991 641e307010.572933.564956,49947#14914023016041041.03%1.>
00510+ 1600201020501 eBR293.02914914012+2.205+6.056011.787e7#149140245
00520+ 1002001402330 2%1491.06291.16191.39791,91.01441,25992,18%9+3.44/

00530 NAME(T1eT124T39T4415)=1145#(12-1)420%(13-1)+60#(14~1)+180%(15-1)
00540+

00550% BEGIN EXFCLTABLE CONF.

00560%

00570 REIGHT=SQRT(8,)

00580 PRINT+# DQ YOU NEED FELP IN USING THIS PROGRAM--YES OR NO?#
00590 READ 1,1

26



NRL REPORT 8055

00600 1 FORMAT (AZ)

00610 IF(TI.NE.2KYF) €O TO 2
00520 PRINT 8

00630 8 FORMAT (/)

00640%

00650 PRINT PROGRAM DESCRIPTION, IF REQUESTED.

00660% :

00670 PRINT 3 _

00630 3 FORMAT(# THIS PROGRAM PFRFORMS A LINEAR INTERPOLATION (OR #,

00,90+ =EXTRAPOLATICN) TO#s/+% OBTATN VALUES OF AVERAGE FOCAL PLANE #,
00700+ #IRRADIANCE CF A CAUSSIAN BEAM TRUN=#4/4% CATED AT THE E#.2Hu#,
00710+ #-2 INTENSITY RADIUS. THE DATA BASE CONTAINS 720 POINTS#4/»

00720+ # GFNERATEDR EY THF NRL PROPAGATION CODE., THE IRRADIANCE CALCULAT#,
00730+ #FD IS*s/e% THE AVERAGE IRRADIANCE INSIDE THE AREA CONTAINING 1-%,
00740+ #1/F (.632) CF THE#s/o% FLUX %9/ 9% YOU MAY ENTER EITHER#*,
00750+ # PHYSICAL 0OF CIMENSIONLESS PARAMETERS. THE#e/9% PHYSICAL PARAME#,
00760+ *#TERS REQUIRED ARE:#)

00770 PRINT,* F = FOCAL LENGTH#

00780 PRINT* K = WAVE NUMRER = 2 PI / LAMBDA#

00790 PRINTo# ALFHA = ABSORPTION%

00800 PRINTs# DIAM = DTAMETER OF APERTURE (THE 1/E APERTURE INTENSITY#
00”10 PRINTs# RADIUSs As IS DIAM/SQRT(8))#%

00820 PRINT# V = WIND SPEFD PERPENDICULAR TO THE BEAM#

00R30 PRINT,* OMEGA = REAM SLUING RATE#

00840 PRINT# E = EMITTED ENERGY PER PULSE#*

00850 PRINT.# DT = INTERPULSE SPACING#*

00260 PRINTs# ThHE DINENSTONLESS PARAMETERS ARE DEFINED AS:#
00”70 PRINT 4
00RB0 4 FORMAT(SX+24FNC = SORT(8) # A / V DT 3/9S5X925HND = 3 # N # (GAMMA~]) #

00”50+ 41HK # ALEHA # F # F / ( C##2 # A / ¥V DT )  9/95X,

00900+ 1BHNS = OMECGA # F / Vo/sSXe1THNK = K # A#22 / Foe/95X,

00910+ 14HNA = ALPRA # Fo/eSXo# WHERE N=MOLECULAR REFRACTIVITY=,154#%,
00920+ #e CGAMMA=RATIO OF SPECIFIC #4/99Xs#HEATS=144s AND C=SOUND SPEED=z#,
00930+ #340M/S . #)

00940 PRINT S .

N09S0 S FORMAT (# YNU MAY ENTER PARAMETERS ONE SET AT A TIME (ANSWER #,

00960+ ®' SINGLE™ TO "SINGLE#,./s% OR MULTIPLE RUN?".) OR YOU MAY ENTER UP #,
00970+ #T0O 20 VALUES OF FACh PARAMETER #9/4% (ANSWER "MULTIPLE"), IF Y#,
00980+ #0UR ANSWFR WAS "SINGLF"™ YOU WILL BE ASKED TO#,/s% ENTER THE FIVE®,
00990+ # NIMENSTONLESS OR EIGHT PHYSICAL PARAMETERS. IF YOUR AN=#y/4% SWER®#,
01000+« # WAS " MULTIFLE" YOU WILL FIRST BE ASKED HOW MANY VALUES OF#,

01010+ # EACH PARAMFTER#4/9% YOU WILL ENTERs THEN YOU WILL BE ASKED TO ENTER#,
01020+ = THE PARAMETERS#4/ 4% THE OUTPUT CONSISTS OF ONE OR TWO #,
01030+ =NUMBERSs NDEFEANING ON WHETHER#4./9% YOU ARE USING PHYSICAL OR DIM#,
01040+ #ENSIONLESS FARAMETERS, IN FITHER CASEs#s/+% AREL IS PRINTED. #»
01050+ #ARFL IS THE NCRMALIZED FOCAL AREA CONTAINING 1=1/F OF#4/e% THE #o
01060+ #FLUX, 1T IS CFFINED AS AREL=AREA(CM#s20H##2) #NK##2/(2,00%A%A,
01070+ #), IF*./4% PRYSICAL PARAMETERS ARF USEDs THE AVERAGE FOCAL PLANE#*,
01080+ # IRRADIANCE IS#4/+%# PRINTED., THIS IS GIVEN By:#)

01090 PRINT 6

01100 6 FOPMAT (12Xs44HT =, 3024 #F #EXP (=NA) #NK# %2/ (P QO#AREL &P T#A%4#P) o2t o %y /o
01110+ = WHEN ASKEN D0 YOU HAVE ANOTHER RUNZT". RFPLY "WUITIPLE' OR#,
01120+ # "SIN=#a/4% GLE' TF YNU WISH TO CONTINUE. OTHERWISE FNTER "ENN"#)
01130 PRINT 8

01140 2 CONTINUE

01150%

01160+ DETERMINF TF PHYS, 0OR DIM, FARAMFTERS WILL BE USED.

01170% .

N11R0 PRINTe#* WILL YCU USF PHYSICAL NR DIMENSTONLESS PARAMETERS?#
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01190 IF(I.NE.2KYF) €GN TO 9

01200 T=2HNO

01210 PRINTs* ANSWER PLYS OR DIM#

01220 9 READ 1,IPARAM

01230% :

01240% DETERMINE TF THIS IS A SINGLE OR MULTIPLE RUN,
01250%

01760 PRINTy#* SINGLF OF MULTIPLE RUN?Z*

01270 READ 1+MPARAM

01280%

017290% BEGINNING CF FACH RUN,

01300#

01310 10 TUI=TUZ=TU3=TU4=TUS=TII6=TU7=TUR=1

01320 IF (MPARAMJEN.2FSI) €O T0 12

01330 PRINT+* ENTER NUMRFR OF VALUES CF THESE PARAMETERS:#
01340 TF(IPARAMJEQ.2FDNI) GO T 11

01350%

01360% MULTIPLE RUNy PRYSICAL PARAMETERS,

01370% ENTER DATA,

01380% .

01390 PRINT.# F K ALFHA DIAM V OMEGA E DT#

01400 READsTULsTU29TL3+TUGsTUS,TIU6sTU7,TI18

01410 PRINT 101s1U1

01420 101 FORMAT(* ENTER*sI3e# VALUE(S) OF F (KM)=*)
01430 READs (X1(I)sI=1,1U1)

01440 PRINT 102,702

01450 102 FORMAT (# ENTERH#4T13e# VALUE(S) OF K(/CM)#)
01460 READy (X2(1)4+1=151U2)

01470 PRINT 103,103

01480 103 FORMAT (# ENTER#,I39# VALUE(S) OF ALPHA(/KM)#)
01490 READs (X3(I)sI=1,1U3)

01500 PRINT 104sTU4 .

01510 104 FORMAT (# ENTER#*,13s# VALUE(S) OF DIAM(CM)#*)
01520 READS (X&4(T1)9I=141U4)

01530 PRINT 10S,IUS

01540 105 FORMAT (% ENTER#,I3+#% VALUE(S) OF Vv(M/S)*#)
01550 READs (XS(I)eI=151US)

01560 PRINT 106s1U6

01570 106 FORMAT (* ENTER#4T13e% VALUE(S) OF OMEGA(RAD/SEC)*#)
01580 READs (X6(I)s1=1,1U6) -

01590 PRINT 107,107

01600 107 FORMAT(# ENTER®.13s# VALUE(S) OF E(KJ)#)
01610 READS (XT(I)sI=1,1U7)

01620 PRINT 108,IU8

01630 108 FORMAT (% ENTER#,13,% VALUE(S) OF DT(SEC)*®)
01640 READ, (XB(1),7=1,1UR)

01650 GO TO 18

01660% .

01670% MULTIPLE RULN, DIMENSTONLESS PARAMETERS.
01/80% ENTER DATA,

01690%

01700 11 PRINT.# NO -AD NS NK NA%

01710 READSTU4sTUSs L6 TUT7+TIUR

01720 PRINT 114,1U4

01730 114 FORMAT(# FATER#*.13+% VALUE(S) OF NO%*)
01740 READ (X4(I)sT=1+TU4)

01750 PRINT 115,TUS5 .

01760 11S FORMAT (s ENTER#,I3,% VALUE(S) OF ND#)
01770 READS (XS(I)s1=1,1US5)
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01780 PRINT 116411)6

01790 116 FORMAT (% ENTER#,.13.% VALUE(S) OF NS#)
01R00 READS (X6(1)sI=1+1U6)

01810 PRINT 117,1TU7

01820 117 FORMAT (# ENTER#+4I139% VALUE(S) OF NK#)
01830 READs (X7(I)s1I=14TU7)

01240 PRINT 118,1UR

01850 118 FORMAT (% ENTER#*+T3+% VALUE(S) OF NA#)
01860 READS(XB(I)sI=1+1U8)

01870 GO TO 18

01280 12 IF(IPARAM.EG.ZHPK) GO TO 15

01R90%

01900% SINGLE RUNe NIMENSIONLESS PARAMETERS.
01910* ENTER DATA.

01020%

01930 PRINTe# ENTER NIMENSTONLESS PARAMETERS:#
01940 PRINT«* NO NC NS NK NA#

01950 READWX4 (1) o XS(1)aX6(1)9XT7(1)sX8(1)

01960 GO TO 18

01970% ‘
01980% SINGLE RUNs FHYSICAL PARAMFTERS.

01990% FNTER DATA.

02000%

02010 15 PRINT,# ENTER: F(KM) K(/CM) ALPHA(/KM) DIAM(CM) V(M/S) OMEGA(RAD/S)#,
02020+ # E(KJ) DV(SFEC)#

02030 REANSXL (1) 9X2 (1) 9X3(1) sX4(1)9X5(1) sX6(1)aXT7(1)4X8(1)

02040% :

02050% BEGIN DO LCOPS FOR MULTIPLF RUNS.

02060% ASSTEGN INPLT DATA TO CORRECT VARIABLES.

02070%

02080 18 Nn 100 L1=1,1IL1

02090 F=x1(L1)

02100 DO 100 L2=1.TUZ

02110 WN=X2(L2)

02120 DO 100 L3=1,J03

02130 ALF=Xx3(L3)

02140 DO 100 L4=141U4

02150 WICTH=X4 (L4)/RFIGHT

02160 IF(TPARAM.EQ.2FPK) D=X4(L4)
02170 IF(IPARAMLEN.2+DI) NO=X4(L4)
02130 DO 100 LS=1,1U%

02190 IF(IPARAM.EQ.2FPK) V=X5(L5)
02200 IF(IPARAM.EN.2FDI) ND=X5(L5)
02210 DO 100 L6=1,1U¢€

02220 TF(IPARAM.EQ.2FPF)} OM=XA(L6)
02230 IF(TPARAM.EQ.2FDI) NS=X6(L6)
02240 DO 100 L7=1.1U7

02250 IF(IPARAM.FQ.2+PF) E=XT7(L7)
027260 TF (IPARAM.EN.2FDI) NK=X7(L7)
02270 DO 100 1L8=1.1U8

02280 IF(IPARAMJ.EQ.2FPF) DT=X8(L8)
02790 TF(IPARAM.EQ.2+DTI) NA=XB(LR)
02300 IF(TPARAM,FEQ,2+DT) GO TO 22
02310%

02320% IF PHYSICAL FARAMETERS WERF READs COMPUTE DIMENSIONLESS PARAMETERS.
n2330%

02340 NA=ALF#F

02350 NK=WN#D#D*,125F-S/F

02360 NS=OM#*F#1E3/V
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‘02370 NO=D/(100.2#V#DT)

02380 ND=1,5986#WN#ALF#F#E/ (D/SQRT(8,)#DT#V#100.)

02390 22 CONTINUF

02400 PRINT 21sNOsNCoNSsNKsNA

02410 21 FORMAT(/+% ho #9F6a39GX e #ND=#4F74295Xs#NS=#,4F6, 395Xy #NK=#9F64295X s

02420+ #NA=#4FS,

02430%

02440% CHECK FOR FARAMETERS OQUTSIDE ALLOWED RANGES.
02450%

02460 TERR=0

02470 IF(NA.GE.O.) GC TO 23

02480 PRINTe* ABSORPTICN NUMBER IS NECATIVE®

02490 TERR=TERR+1

02500 23 IF(NK.GT.0.) CO TO 24

02510 PRINT+% FRESNEL NUMBFR IS LESS THAN OR EQUAL TO ZERO*®
02520 IFRR=TERR+]1

02530 24 IF(NS.GE.~-1.) GO TO 25

02540 PRINT+# SLUING NUMBER IS NEGATIVE®

02550 TFRR=IERR+1

02560 25 TF(NN.GFE.N,.,) CO TO 26

02570 PRIMTs# CISTORTICN NUMBER IS NFCATIVE®#

02580 IFRR=TERR+1

02590 26 TF(NO.CT.1.,) GO TO 28

02600 TF(NO.LELO.) GC TN 27

02610 PRINTs%# OVERLAF NUMRFR TS RETWFEN ZER(Q AND ONE#
02620 AREL=1.

02630 TF(TERR.EG.0) €O TO 8

02640 27 PRINTs# OVESL AP NUMRFR IS LFSS THAN OR FQUAL TO ZERO#
02650 IFRP=TERR+]

02660 28 IF(IFRR.EN.C) GO TO 30

02570 PRINT 29+IFRR

02680 2S5 FOPMAT (ARH #axsninity[34% PARAMETERS HAN VALUES OUTSIDF THEIR#,
02690+ # ALLCWEN RANGES=-=-%)

02700 TF (MPARAM,EQ.2FST) FRINT«AH s#nituusiydt CHECK YOUR DATA AND REENTER#
02710 GO T0 100

02720 30 CONTINUF

02730% :

02740% FIND INDEX OF PCINTS TO BE INTERPOLATED.
02750%

02760 INC=INO=INS=TNKk=INA=]

02770 DO 35 I=2,.3

02780 IF(NDLGE.PNO(T)) INO=1T

02790 IF(NDJGELPND(I)) IND=I

02800 TF(NS.GELPNS(I)) INS=I

02810 IF(NK.GF.PNK(I)) INK=I

02320 TF(NALGE.PNA(I)) INA=]

02R30 35 CONTINUE

02R40 IF(NO.GE.PNO(4)) INC=4

02850 TF(ND.GELPND(4)) INC=4

02860 TF(NA.GELPNA(4)) INA=4

02870 IF(NO.GE.PNO(S)) INC=S

02880%

02890% FIND FRACTINONS AND TFST FOR EXTRAPQOLATION,
02900%

02910 IF(INOLNE.S) GC TN 41

02920 INC=4

02930 TF (NONF.PNO(S)) PRINT 40

02940 40 FORMAT(# ThE VALUF OF NO IS EXTRAPQOLATFD#*)
02950 41 FO=(NO-PNN(INC))/ (PNO(CINO+1)=PNO(INO))
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“02960
02970
02980
02990
03000
03010
03020
03030
03040
03050
03060
03070
03080
03090
03100
03110
03120
03130
03140
03150
03160
03170
03180%
03190%
03200+
03210
03220

03230
03240
03250
03260
03270
03280
03290
03300
03310
03320
03330
03340%
03350%
03360%
03370

-03380
03390
03400
03410
03420
03430
03440
03450%
03460%
03470%
03480
03490
03500
03510
03520
03530
03540

NRL REPORT 8055

IF(TNDeNEL4) GC TO 43

INC=3

IF (ND«NELPND(4)) PRINT 42

42 FORMAT (s THE VALUF OF ND IS EXTRAPOLATED#*)
43 FD=(ND=PND(INC))/ (PND(IND+1)=-PND(IND))
IF(INSeNEL3) GC TO 45

INS=2

TF (NS<NELPNS(3)) PRINT 44

44 FORMAT (# ThHF VALUE OF NS IS EXTRAPOLATED®*)
45 FS=(NS=PNS(INS) )/ (PNS(INS+]1)=PNS(INS))

IF (INK.NEL3) GC TO 47

INK=2

IF (NKoNF.PNK(3)) PRINT 46

46 FORMAT(#* THE VALUE OF NK IS EXTRAPOLATED#®)
47 FK=(NK=-PNK(TNK))/ (PNK(INK+1)=-PNK(INK))
IF(INAJNE4) GC TN 49

INA=3

TF(NAJNE.PNA(4)) PRINT 4R

4R FORMAT (# THF VALUE OF NA IS EXTRAPOLATED#*)
49 FA=(NA=PNA(INA))/Z(PNA(INA+]1)=PNA(INA))
IF(FSJLT.0.,) PRINT 44

IF(FK.LTL.0.) PRINT 46

LOAD ARRAY TC BE INTERPOLATED.

N=0

101=1NO+1
ID1I=IND+1
IS1=INS+1
IK1I=INK+]
IA1=INA+]

DO 60 IS=INA,TA]
DO 60 I4=INKsIK1
N0 60 I3=INS.I¢<1
DO 60 I2=INDJIC1
DO 60 I1=INOsIC1
N=N+1

60 R(N)=A(NAME (I11+12413474415))

INTERPOLATF .

DO 62 N=1420G.4

62 RIN)=(1.=FD)#(R(N)#(]1,-FOQ)+FO#R(N+1))+FD#(B(N+2)#(1,=F0)+FO#B(N+3))

DO 64 N=142548

64 R(NY=B(N)#(]1,=-FS)+FS#R(N+4)
NO 66 N=1491741¢ .

66 B(N)=B(N)# (] ,=FK)+FK#R(N+8)
ARFL=B(1)#(1.,-FA)+FA%#B(17)

68 CONTINUE

PRINT AREL+ AVG I.

AREL =AMAX] (ARFL 41,)

PRINT 754AREL

75 FOPMAT (# ARFL=#,FR,3)

IF (IPARAMJNF ,2FPF) 60 T0 89

AVE T=0,3048%E/DTH#FXP (=NA) #NK#NK/ (AREL#PI#WIDTH#WIDTH)
PRINT 854AVG 1

85 FORMAT (# AVC. TRRADIANCE=#4FG,3¢% KW/CM#,3H##2)

31

AITIISSYTINN



03550
03560
03570
03580
03590
03A00
n3al0
03620

RS9 CONTINUE
100 CONTINUF
PRINT 8
PRINT«# DO YOU
READ 1eMPARAM

TF (MPARAMEQ.ZFML,ORMPARAM £Q,2HST)

sTCP
EME
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HAVE ANOTHFR RUN #

32

GO0 To 10



