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ABSTRACT

The nonlinear aerosol vaporization and breakdown effects (NOVAE) high-energy laser prop-
agation model has had a number d improvements added to it since 1984. Many o these
improvements address aspects of vertical or slant path propagation o concern to operators
of existing or anticipated laser systems. These upgrades include calculation of stimulated
Raman scattering and vertical profiling of turbulence and wind. A wide range o aerosol cal-

culationsand rectangular laser apertures are also documented. This document also describes
operation of the current NOVAE model.
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1. INTRODUCTION

The Elcctro-Optical Systems Atmospheric Effects Library (EOSAEL 87) is a collection o
computer codes that address the phenomenaassociated with clectro-magnetic propagation
through the atmosphere and the effects that natural and battlefield aerosols can induce.
EOSAEL 87 iswel described by thefirst volumed the EOSAEL 87 documentation.! NOVAE
is an empirical program, based on scaling laws, that deas with the propagation o high-
energy lasers. NOVAE was developed from phase propagation models and data to provide
fast calculations of propagation effects on high-energy laser propagation. More detailed
information may be found in volume22 o the EOSAEL 84 manualson the air breakdown and
thermal blooming aspects of the NOVAE code.?2 The phase integral or scaling law approach
is also briefly discussed in the earlier documentation. Information calculated by NOVAE

include laser beam spot size and energy on target, based on input laser parameters, path
length, and atmospheric conditions.

A number of upgrades have been implemented? 4 in the NOVAE code since the publication
of volume 22 d the EOSAEL 84 manuals.? This document is a brief discussion o these
upgrades, their motivation, and implementation in the NOVAE code. It isintended to be

used in conjunction with the EOSAEL 84 manual as a user's guide for the NOVAE code in
EOSAEL 87 library.

The basic motivation behind profiling and stimulated Raman scattering (SRS) optionsis to
more realistically portray high-energy laser propagation for such systems as the High-Energy
Laser System Test Facility (IIELSTF) deuterium flouride (DF) laser or the ground-based
free electron laser (GBFEL). These systems are very expensive to operate, and system
modeling can provide useful information about potential problems with nonlincar effects
such as thermal blooming, breakdown, and SRS. The origina NOVAE code uses vertical
scaling o wind, extinction, absorption, and turbulence to simulate atmospheric conditions
because propagation along horizontal paths and slant paths with limited vertical extent was
originally of interest. Recently, vertical and longer slant paths have become crucial, and
more accurate characterization of the vertical profilesisimportant. This document discusses
the use d data for wind, extinction, absorption, and turbulence in NOVAE.

IR. C. Shirkey, L. D. Duncan, and F. E. Niles, 1987, EOSAEL 87, Volume |, Ezecutive Summary, ASL-TR-
0221-1, U. S Army Atmospheric Saaences Laboratory, White Sands Missile Range, NM.

'Frederick G. Gebhardtand M. B. Richardson, 1984, EOSAEL 84 Nonlinear Aerosol Vaporization and Break-

down Effects Module-NOVAE, ASL-TR-0160-22,U . S. Army Atmospheric Saences L aboratory, White Sands
Missile Range, NM.

3S. G. O’Brien, 1986, Enhancements of ihe EOSAEL 8¢ NOVAE Model, Proceedings of the Severth

EOSAEL/TWI Conference, U. S. Amy Atmospheric Saences Laboratory, White Sands Missle Range,
NM.

atii Gillespie and William Hayden, 1987, Two Enhancements o the 87 EOSAEL NOVAE Mode!, Procesdt

ings of tlie Eighth EOSAEL/TWI Conference, U. S Army Atmogpheric Sciences Laboratory, White Sands
Missile Range, NM.
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The AGAUS option alows the user a wider variety of smoke lypcs in NOVAE calculations
where smoke or dust is prominent. The original NOVAE used one o threeinput filesd Mie
efficiency factors to describe the properties of the smoke in the model or used approximate
Mie efficiency factors contained within the model to describe smoke properties.

The rectangular aperture option is included in the NOVAE code as a result o a special
request of a user. Previously, NOVAE contained four aperture types: uniform circular;
uniform circular - 10 percent centrally obscured; infinite Gaussian (continuous wave (CW)
only); and truncated Gaussian. The recent upgrade of the aperture selection includes a
rectangular and a fractionally obscured aperture.

Additionally, some corrections and amplifications to the original text are included in this
document to assist the user in using the NOVAE model.

2. BACKGROUND
21 Absorption and Extinction Coefficient Profiling

The absorption coefficient profiling upgrade includes two additional methods for expressing
the molecular absorption with height aboveground. The original NOVAE model uses simple
exponential scaling with height above ground. One d these new methods uses profiles o
molecular absorption that can be derived from data or model. The input data file includes
height above ground and corresponding molecular absorption. The other option uses the
concept of exponential scaling, and coefficientsfor each month o the year, based on measured
data, are provided for the exponential scaling.

These options were developed for the NOVAE model based on requirements for high-energy
laser testing at White Sands Missile Range (WSMR), New Mexico.> 6 Thus all data shown
here are specific to WSMR. Most d the effort in this option was directed towards two
wavelength regions as well, the near- (1 gm) and mid- (3.8 pm) infrared. Once again this
is because this work was done primarily in support of the high-energy laser testing program
conducted at WSMR.

The High-Energy Laser Handbook7 was developed for the purpose of support in the high-
energy laser test program. Most o the molecular concentrations used in the development o
the molecular absorption coefficient profiles come from the High-Energy Laser Handbook.
The fast atmospheric scattering code (FASCODE) high-resolution transmission model®, 6

8. G. O’Brien, W. D. Hayden, and B. A. Schulae, 1987, Vertical Profiles of DF Laser Line Attenuation at
the High Energy Laser Facility, OMI-226 Contractor Report, prepared under contract DAADO7-84-C-0008,
OptiMetrics, Inc., Las Cruces, NM.

%S. G. O’Brien, Beth Schulze, and William D. Hayden, 1988, Vertical Profiles of Short Wavelength Atienuation
af White Sands Missile Range, OMI-271 Contractor Report, prepared under contract DAADO7-84-C-0008,
OptiMetrics, Inc., Las Cruces, NM.

‘John R. Hummel (editor), 1984, High Energy Laser Propagation Handbook, vol. /I, HEL System Test Facility

Atmospheric Characlerization, ASL-TR-0148, U. S. Army Atmospheric Sciences Lahoratory, White Sands
Missile Range, NM.
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was used along with the molecular concentrations7 to produce the molecular absorption
coefficients. Six molecular constituents: H,O, CO,, Oz, N,0O, 02, and CH, had site spe-
cific concentrationsassigned to them for use in the FASCODE calculations. As mentioned
previously, data used in these calculations is specific for each month. Where molecular
concentration models are used in these calculations, seasonal averages are sometimes used.

In the near-infrared calculations, water vapor contributes the largest amount of absorption,
mainly in theform of the water vapor continuum. Thisisfortunate since the ,accuracyof the
[IITRAN database supporting the FASCODE calculations is known to be questionable in
the near infrared, but the water vapor continuum model is reasonable.” % 9 Water, methane,
and carbon dioxide are important in the mid-infrared calculations. This wavelength region

has extensive experimental data to validate the III TRAN database, and these calculations
are not in question.

Vertical profiles at 1-km intervals for WSMR were produced for both the 1- and 3.8-um
wavelength regions for use with the NOVAE model. An exponential fit to theform

a = BX?(C;;}.I.'S + ez’ + iz + o) (1)

using the profiles developed in the discussion above,? 6 resulted in coefficients ¢; for each
month for the mid-infrared wavelength region. X is the height above ground level (AGL)
measured in kilometers. Surface aerosol attenuation coefficients for WSMR at 1.06 pm
wavelength were developed from data.6 These attenuation coefficients are seasonal averages.
For the fall and winter season the mean aerosol extinction is 1.43 X 10~*km™! and the
absorptionis3.13x 10~*km™". For the spring and summer season the mean aerosol extinction
is1.20 X 10~2km~" and the absorption is 2.20 x 10~*km™".

The user of the NOVAE may supply their own absorption coefficients or their own cocffi-
cients, ¢;, for whatever wavelength region and geographical area is of intcres: to them. The
coeflicients for each month for the 3.8-um region are shown in table 1. These coefficients
are for thefirst 10 km AGL. Above 10 km the extinction is determined using the standard
atmosphere extinction.7 A sample absorption coefficient profile is shown in section 5.3. The

“John R. Hummel (editor), 1984, High Energy Laser Propagation Handbook, vol. //, HEL System Test Facility
Atmospheric Characterization, ASL-TR-0148, U. S. Army Atmospheric Sciences Laboratory, White Sands
Missile Range, NM.

"Patti Gillespie, 1987, Internal Memorandum, OptiMetrics, Inc., Las Cruces, NM

SPatti S. Gillespie, 1989, Validation of Aerosol Profile Model Developed for FELSTF, OMI-TN-347, Contractor
Report, OptiMetrics, Inc., Las Cruces, NM.

9Joseph Manning, 1088, Updates to the HITRAN Database in the 1.06 um Region, Annual Review of Trans-
mission Models, U. S. Air Force Geophysics Laboratory, Hanscom Air Force Base, MA.

S, G. O’Brien, W. D. Hayden, and B. A. Schulze, 1987, Vertical Profiles o DF Laser Line Attenuation at

the High Energy Laser Facility, OMI-226 Contractor Report, prepared under contract DAADO7-84-C-0008,
OptiMetries, Inc., Las Cruces, NM.

S. (3. O’Brien, Beth Schulze, and William D. Hayden, 1988, Vertical Profilesof Short Wavelsngth Attenuation

at White Sands Missile Range, OMI-271 Contractor Report, prepared under contract DA AD07-84-C-0008,
OptiMetrics, Inc., Las Cruces, NM.



reader is cautioned that all numerical values shown in this document reflect the use of site
specific profiles. Numerical values for other geographical arcas will be different.

TABLE1. FIT COEFFICIENTS FOR THE 3.8-um REGION. THESE ARE USED TO
CALCULATE THE ABSORPTION COEFFICIENTS FOR THE FIRST 10 km

AGL FOR EACH MONTH. THESE ARE THE COEFFICIENTS USED IN
EQUATION 1.

Month 3 C2 C co

January ~ -1.070x 2.530x10~% -3.607x10~' -3.679
February -1.340+07° 2.962x10°* -3.78110°' -3.676
March -1.330x 1072 2.922x107? -3.733x10-' -3.701

April -4.832x107* 1.611x10"? -3.235x10"! -3.704
May -2.783x10~%  1.644x107? -3.697x10"! -3.453
June 1.425%10~3 -9.917x10~2 -2.868x10~' -3.307
July 1.470x10~° -5.300x10~° -3.882x10~! -2.802
August 1.324%x10™2 -2.312x10~° -4.075x10"! -2.763
September  3.312x10~* 1.315x10~% -4.470x107' -2.931
October -8.021x10"* 2.919%x1072 -4.666x10~' -3.224
November -1.141x10"3 2.839%x107? -3.934x10~' -3.572
December -1.067x1073 2.555x107% -3.683x10~! -3.640

2.2 AGAUS Option

NOVAE uses Mie efliciency factors to calculate the effects of aerosol on laser beam propa-
gation. These Mie efficiency factors may be either exact or approximate. The exact Mie
efliciency factors require an additional input filefor NOVAE model calculations. These input'
files are specific for the type of aerosol. In order to alleviate the tedium of gencrating these
input files each time a new aerosol type is used in NOVAE, the AGAUS option was imple-
mented in NOVAE.10 AGAUS is an auxiliary EOSAEL module that is used as a subroutine
in NOVAE.!1 Program AGAUS treats electromagnetic scattering and absorption of spherical
particles by Mie theory. It alows scattering properties to be calculated for. distributions of
particle sizes. The principle quantities calculated by AGAUS are extinction, .absorption, scat-
tering, and backscattering coefficients. It also calculates the angular intensity distribution
of scattered radiation when unpolarized radiation is incident upon the particles. AGAUS is
considerably stripped down from its original form. The module calculates phase functions

1% ugal K. Behl, 1985, Propagation Mdel i ng WAO 8503-3, Third Quarterly progress report, 1 April 1985 to
30 June 1985, under contract number DAAD07-84-C-0008, OptiMetrics, Inc., Las Cruces, NM.

"' August Miller, 1983, M:ie Code AGAUS82, ASL-CR-83-0100-3, U. S. Army Atmospheric Sciences Labora-
tory, White Sands Missile Range, NM.

10



and extinction coefficients for numerous forms of aerosol distributions. The verification of
this option in NOVAE has not been published in formal or informal report to the extent of
our knowledge. Since the exact Mie efficiency factor input files give reasonable results,? it
must be assumed that the AGAUS option will also since it is basically providing the input
file of Mie efficiency factors for a specific aerosol.

2.3 Wind Profiling

Wind profiling instead of wind scaling might be chosen in the NOVAE model if realistic
windspeeds and wind directions with respect to height are desired. Realistic winds do not
decrease exponentially with height, in fact, they may increase and decrease with height sev-
eral times between ground level and space. Under many circumstances realistic windspeeds
and wind directions may not be necessary, but if the modeler wishes to make slant path
calculations over a path length greater than 1 km, and thermal blooming is of concern, the
model er should input a vertical profilefor windspeed and wind direction. Calculationsover a
horizontal path do not requirewind profiling since the windspeed and wind direction at that
height above ground are the only values of importance. Thermal blooming is inversely pro-
portional to the windspeed1? and so if the windspeed decreases significantly at some height
above ground level, thermal blooming may become important. Conversely, wind profiling
may ventilate the laser beam sufficiently to eliminate the possibility of thermal blooming.

Other laser propagation effects may be induced in part by windspeed and wind direction at
a given height above ground.

2.4 C? Profiling

In the EOSAEL 84 NOVAE the index of refraction structure constant, C2, is scaled with
height through the use of a commonly accepted power law. The index of refraction variation
arisesfrom the interaction of mechanical wind turbulence and vertical gradientsin the index
of refraction caused by changesin temperature and pressure. Optical turbulence can have a
significant impact on laser beam propagation. The value of tlie exponent in the power law
must be nearly one to make the scaling approximation valid.!3 When an arbitrary vertical
profile is used to generate a power law scaling, powers much larger than one can result in

*Frederick G. Gebhardt and M. B. Richardson, 1984, EOSAEL 84 Nonlinear Aerosol Vaporization and Break-
down Effecis Module-NOVAE, ASL-TR-0160-22,U . S. Army Atmospheric Sciences Laboratory, White Sands
Missile Range, NM.

12patti Gillespie, Brian Matise and Dennis Garvey, 1988, Disiortion Number Profiles as Predictors of Thermal

Blooming, Proceedings of the Ninth EOSAEL/TWTI Conference, U. S. Army Atmospheric Sciences Labora-
tory, White Sands Missile Range, NM.

13H. Breaux, 1978, Corrections of Extended Huygens-Fresnel Turbulence Calculations for a General Case o

Till-Correcled and Uncorrected Laser Apertures, Internal Memorandum Report No. 600, U. S. Army Ballistic
Research Laboratory, Aberdeen Proving Ground, MD.
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regions where C2 is changing rapidly. The turbulence scaling law is given by,

-q
Cxz) = Cx=) () (2)
where z,, C'2(z,), and g must beinput to themodel. The nominal values for these parameters
ac :, =1m, C}1 m)=5x10"" m~?? and q = 1.075. Using rcasonable, that, is, positive,

valucs of ¢ in equation (2) results in values of the turbulence structure constant that are
decreasing with height.

A comparison of power law scaling of C'? and a smoothed dataset of C2 isshown by Gillespie
and Hayden.4 A sample datafile is given in the sample input and output section 5.2.

C? is used in the calculation of the coherence length,

o 5{3 -3/5
To = i.(i?ﬁ{k* [("'3(—-’:’) (1 = —) <‘f:’} (3)

where k is the wavenumber.2 Note that equation (3) is corrected from what appears in
volume 22 of the EOSAEL 84 documentation, but matches expressions found in the original
work.13 The factor of (1 — 2'/2)°/? is a geometrical factorl4 that indicates that the effect
of turbulence is greater near the laser, rather than near the target or intermediate in the
path. From a physical point of view this makes sense because NOVAE model was originally
written for horizontal and slant paths near the earth's surface. For these cases, the effect
of turbulence is greatest near the laser. Other gcornetrical factors may be found in tlie

literature that describe the effect of turbulence near the target or intermediate between the
target and laser.

The arbitrary profile algorithm was tested against the scaling law algorithm by using the
power law to generate a profile of C2 vaues. Theoretically, such a profile should produce
similar laser spot size on the target as the power law. Table 2 shows that for four different
paths ranging from vertical to horizontal, with two intermediate slant paths included, the

profile algorithm gives nearly the same results as the power law algorithm when the power
law 1s used to generate the profile.

1Patti Gillespie and William Hayden, 1987, Two Enhancements to the 87 EOSAEL NOVAE Model, Proceed-

ings of the Eighth EOSAEL/TWI Conference, U. S. Army Atmospheric Sciences Laboratory, White Sands
Missile Range, NM.

?Frederick G. Gebhardt and M. B. Richardson, 1984, EOSAEL 84 Nonlinear Aerosol Vaporization and Break-

down Effects Module-NOVAE, ASL-TR-0160-22, U. S. Army Atmospheric Sciences Laborzatory, White Sands
Missile Range, NM.

13H. Breaux, 1978, Corrections of Extended Huygens-Fresnel Turbulence Calculations for a General Case of

Till-Corrected and Uncorrected Laser Apertures, Internal Memorandum Report No. 600, U. S. Army Ballistic
Research Laboratory, Aberdeen Proving Ground, MD.

ME, C. Crittenden Jr., A. W. Cooper, E. A. Milne, G. W. Rodeback, S. 1. Kalmbach, R. L. Armstead, D. Land,
and B. Katz, 1976, Optical Propagation Through Turbulence in the Marine Boundary Layer, Proceedings of
the Optical-Submillimeter Atmospheric Propagation Conference, Boulder, CO.
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The arbitrary profile calculation has been used to calculate laser spol size on target for three

profiles for propagation along a slant path.

These calculations arc shown in table 3. T'wo

of the profiles are experimental data and the third is an empirical model based on data.l3
The laser spot sizes calculated for these three cases seem reasonable. Two o the cases are
representative of more turbulent conditions. daytime data and a summer model for C2.
These two models give larger spot sizes at range than does the profile o :nighttime data.
The same file of nighttime data has been used to calculate spot size at range for a vertical
path. The vertical path should include less turbulence than a slant path. Indeed, the slant
path spot size at range is larger than the vertical path spot size at range for the nighttime

C? data.

TABLE 2. LASER SPOT SIZE AT RANGE. POWER LAW VERSUS PROFILE ALGO-

RITHMS ARE COMPARED.

Laser Beam Diameter
Path Power Law Profile

Vertical path 1 km 0.1464cm 0.1464 cm
Near zenith slant path 1.025 km 0.1499 0.1521
30° dlant path 2 km 0.4299 0.4366
Horizontal path 2 km 5.999 5.999

TABLE 3. LASER SPOT SIZE AT RANGE FOR ACTUAL MEASURED PROFILES

Path Profile Type Beam Radius |
30" slant path 2km Empirical summer model 2.766 cm
30" slant path 2km Daytime data 2.179 cm
30° dlant path 2km Nighttime data 1.187 cm
Vertical path 2 km  Nighttime data 0.838 cm

2.5 Stimulated Raman Scattering

SRS isasecond order Raman effect that results from the interaction o intense radiation and
the moleculesimmersedin that radiation. Thisinteraction causestheshifting o theradiation
in that field to a different frequency, thus changing the total fidd intensity. SRS may cause a
significant loss of energy to intenselaser radiation in the atmosphere. The amount of energy

15S. G. O’Brien and Edward J. Burlbaw, 1988, Interim Resultsfor Vertical Profiles of Optical Turbulence at
White Sands Missile Range, OMI-TN-307, published as a contractor report, OptiMetrics, Inc., Las Cruces,

NML.
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converted from the original frequency to the Raman frequency exponentially incrcases with
theincident field flux. While the changefrom one frequency to another may cause a change
in atmospheric transmission, the major effect due to SRS is a very large defocussing of the
shifted wavelength beam. The beam defocus is so severe that propagation of the beam is
essentially terminated.16

SRS is of particular interest in relation to high-energy laser radiation propagation. It has
been observed experimentally in liquids and gases in the laboratory.l” Various calculations
from theoretical modelsindicatethat SRS could occur in atmospheric nitrogen under certain
conditions, namely very high laser power combined with short pulse length. However, exper-
imentally we know that air breakdown and thermal blooming interferewith the occurrence of
SRS.!8 Also other nonlinear optical phenomena such as self-focusing or stinnulated Brillouin

scattering compete for the available photons, and these other effects may occur instead of
SRS.19

Yariv derives an expression relating the scattered radiation intensity, /.(z), to the path
length, z, and a gain factor, g,,'?

1,(2) = 1,(0)es* (4)

where I,(0) issaid to be the spontaneous Raman scattered signal. Thegainfactor is actually
again per unit length that isdirectly proportion to increasing intensity and is also somewhat
frequency dependent. Wesee then that the scattered intensity becomes somewhat larger with
increasing distance from the source if the gain has a positive, finite value. The theory of

stimulated Raman scattering and the development of expressions for the gain are found in
the literature.16, 19, 20

From the aboveexpression aruleof thumbto determinethe onset of SRS has been developed
for the scattered intensity.!6 When the ratio of the scattered radiation intensity at two
different path lengths attainsa critical value, for example, when I,(z)/I,(0) = exp(30), then
significant loss of power due to SRS from the laser beam issaid to have taken place. During
the calculations NOVAE keeps track of the product, ¢,z, for incremental steps along the
propagation path. Thus when the product g,z reaches 30, a threshold for SE.S is passed. We

say then that SRS has been initiated in the laser beam. The model employed here is based
on this concept.

Additionally, beam divergence occurs with the onset o SRS because the scattered radiation
has a random direction of propagation and loses all phase coherence. The beam divergence
is a measure of how much radiation is scattered out o the beam.

1D, W. Barrett, R. L. Battistelli, E. D. Kostic, R. D. Quinnel, and M. C. Fowler, 1986, Short Wavelength

Advanced Technology Modeling, Volume 1 SWATM Analysis System Modcling, United Technologies Research
Center, East Hartford, CN.

17Fred M. Johnson, 1985, CRC Handbook o Lasers, CRC Press, Boca Raton, 'L, pp.526-30.

18M. A. Henesian, C. D. Swift, and J. R. Murray, 1985, Stimulated Rotational Raman Sca!tering in. Nitrogen.
in Long Airpaths, Optics Letters, 10: 565-7.

YA. Yariv, 1075, Quantum Electronics, 2nd edition, John Wiley and Sons, New York.
*"Y. R. Shen, 1984, The Principles & Nonlinear Optics, John Wiley and Sons, New Y ork.
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Both experimentation and analysis have shown that air breakdown and thermal blooming
interfere with the occurrence of SRS.18 Consequently, for most cases of input power and
pulse length in our model, both breakdown and blooming must be artificially suppressed
in the calculations for SRS to be initiated. Turbulence and jitter also interfere with the
initiation of SRS because they have the effect of beam attenuation. We have conducted
a sensitivity study of the SRS model to determine the relative effects of SRS for various
input parameters. Any correlation between the laser parameters used in this study and real
systems isincidental. Thisstudy issimply an exercise of the model.

As an example, for a pulsed laser system having pulses of 1.0 x 10° kJ, a pulse length of
5X 107% s, and a repetition rate of 10 Hz, vibrational SRS is computed to be initiated at
99.7 m along a propagation path that extends vertically from the ground up to 1 km. In
this calculation the beam diameter enlarges from about 2.18 m to 304 m within a distance
of 0.25 km. For SRS to occur in our calculation, however, the breakdown option is turned
off, the attenuation due to extinction is not included in the SRS calculation, the jitter is set
to zero, and turbulenceis set to a minimal nighttime value.4

Rotational SRS is computed to occur at 366.8 m along the same propagation path under
the same conditions if we substitute a CW laser source with approximately 300 MW power
output. In this case the computed beam diameter enlarges from 1.3 m to 50,000 m within a
distance of 0.1 km. If the CW deviceis changed to 500 kW power output, then SRS does
not occur anywhere along the propagation path. If breakdown and blooming calculations
are included in the propagation calculations, SRS is not initiated in any of these model
calculations. The model makes no attempt to determine which process is initiated first
along the beam propagation, but it isapparent that once oneof these processes— breakdown,
blooming, or SRS—is initiated, then the others will not occur, because too much of the beam
energy has been dissipated or diverted.

2.6 Rectangular Aperture

The NOVAE model inits present formtreats diffraction, thermal blooming, turbulence, jitter,
air breakdown, aerosol vaporization, and SRS effects on the laser spot size on target and the
irradianceon target. The effects of turbulence, thermal blooming, jitter, and diffraction are
represented as modifications of the spatial distribution of irradiance on target. The total
radius of the beam spot size on target is represented as the root sum square o theradii due
to each of these effects separately. In the NOVAE model the effects of jitter and turbulence
are divided into high frequency and low frequency contributions. Only the high frequency
terms effect the effective beam size due to thermal blooming. The low frequency terms are
included in the root sum square calculation of the other terms with thermal blooming. This

I3M. A. Henesian, C. D. Swift, and J. R. Murray, 1985, Stimulated Rotational Raman Scattering in Nitrogen
in Long Airpaths, Optics Letters, 10: 565-7.

1Patii Gillespie and William Hayden, 1987, Two Enhancements to the 87 EOS5A L. NOVAE Model, Proceed-

ings of the Eighth EOSAEL/TWI Conference, U. S. Army Atmospheric Sciences Laboratory, White Sands
Missile Range, NM.



is represented mathematically as

= (rd+rh A TRHB 4+ 1 (5)
where r is the total beam radius on target, r4 is the beam radius due to diffraction only, ry,
and r, arethe beam radii due to high and low frequency turbulence, r;, and ry arethe beam
radii due to high and low frequency jitter, and HB is the thermal blooming operator.?!

The spot size on target is assumed to be symmetric. The thermal bloomirig operator is an
additional contribution to the total beam radius that is combined in the root sum square
calculation. The thermal blooming operator can also be represented as an additional con-
tribution to the total radius. If we neglect the low frequency terms we can write the total
radius, r, as

=2t od Tk Tl (6)

jh
where ry is an effective "blooming radius.”

Deviations from diflraction limited beam diameters are represented in the NOVAE model
by the use of beam quality. The beam quality is the ratio of the actual spot size to the
diffraction limited spot size. A diffraction limited beam quality is equal to 1. Theexpression
for beam quality is given by

Ay = MAp (7)

where Ay, is the spot size (area) for a beam quality, M, and A, is the diffraction limited
spot size (area).?!

The rectangular aperture option integrated into the NOVAE model utilizes a diffraction
model for beam shapes. Rockower of the Naval Postgraduate School has developed a model
for including the effects of diffraction for both rectangular apertures and apertures with
arbitrarily large central obscuration.22 This model utilizes an effective beam quality M’ that

is dependent on the beam perimeter to area ratio. This diffraction model is derived from
considerations from imaging theory.

From conservation of energy considerations, Rockower has developed theequivalent encircled
energy theorem.?? Techniques derived from modulation transfer function (M TF) theory were
applied to a uniformly illuminated aperture of arbitrary shape, resulting in an asymptotic
approximate formulafor estimating the fraction of encircled energy, E, within agiven radius
for large distances z,

MR ,
T 9752 (8)

where ) is the wavelength of the laser, R is the aperture perimeter to area ratio, f is the
effective focal length.

E(z) = 1

The principal feature of this result isthat, asymptotically, the encircled energy is dependent
on the aperture perimeter to area ratio, R, only. For this to be true, the laser beam must

""B. K. Matise, P. S. Gillespie, and B. A. Schulze, 1989, Modeling the Propagation of Lasers with Rectangular
Apertures, OMI-TN-342, Contractor Report for DAADQ7-84-C-0008, OptiMctrics, Inc., Las Cruces, NM.

""Edward B. Rockower, 1985, Laser Propagation Code Study, Appendi x K, Nava Postgraduate School,
Monterey, CA.
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propagatein alinear medium, with no effects of atmospheric fluctuations, wind, temperature,
and pressure and the laser aperture must be uniformly illuminated. Rockower concludes
that a beam from an aperture with double the value of 12 will spread twice as much from
diffraction.

Phase front distortions resulting in degraded beam quality are a well-known consequence of
imperfections of laser wavefront quality at the point where the becam Icavcs the aperture.
These phasefront distortions may result from inhomogeneitiesin the lasing medium, mirror,
lens imperfections, or other limitationsto the laser system. llere this property is represented
by the beam quality, M. The value of beam quality is given in terms of "times diffraction
limited" where the value of 1 indicates a diffraction limited rate of beam divergence propor-
tional to A/D, where D is the beam diameter.

The product of the beam quality and the aperture perimeter to area ratio represents a possi-
ble method for modeling the beam spread. This product is preserved due to the conservation
of energy,

MR=M'R. (9)
Fquation (9) implies that the effective beam quality may be found from M’ = A (R/R).
Rockower’s model uses a uniform circular aperture to model a rectangular aperture or circular
aperture With arbitrary central obscuration if thelasers are of equivalent power and intensity.

Another requirement of this model is that the cross-sectional arcas ol the two beams under
consideration (circular and rectangular or circular and circular with obscuration) be equal.

If the radius of the circular apertureis given by

r== (10)

T

and the areas of the circular and rectangular apertures are equal, and we define an aspect
ratio, F, of length, y, to width, x, dimension, or length to width ratio, then the effective
beam quality for a rectangular aperture laser is2!

M(F +1)
rF

Similarly for acircular aperture with arbitrary central obscuration given by [, a fractional
obscuration between 0 and 1, the effective beam quality is?!

M
;‘LI’=7(1+\/?) (12)
v1i-F
and
D' = D (13)
=7 2

where D' is the new beam diameter.

"" B. K. Matise, P. S. Gillespie, and B. A. Schulze, 1989, Modeling the Propagation of Lasers with Reclangular
Apertures, OMI-TN-342, Contractor Report for DAADQ7-84-C-0008, OptiMetrics, Inc., Las Cruces, NM.
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Note that e meaning of I is different for therectangular aperture and the arbitrary central
obscuration. The new beam diameter for the arbitrary central obscuration is found by setting
the old and new beam areas equal and defining the fractional obscuration F' as the ratio of
the area o the central obscuration, A;, to theareaof the new beam A'. The expression for
the resulting beam quality is found from solving the expression A/ R = M’ for the value
o hil'.

The relationships between beam diameters and MR products that we have discussed hold
only for non-thermal blooming cases. Rockower uses BRLPRO (an early version & NOVAE )
code runs to show that the expected asymptotic behavior between circular and fractionally
obscured circular apertures does not occur for cases where thermal blooming is important.
For low energy cases, this model should be sufficient for rectangular or fractional obscured
apertures. The reader is referred to the work of Rockower for further details.??

3. ADDITIONSTO THE NOVAE INPUTS
3.1 Absorption and Extinction Coefficient Profiling

To implement the three different absorption coeflicient options, a new record is needed in
the NOVAE input deck. This record starts with the identifier APRO. There are five entries on

this record. The first entry is the IAEFRO entry that indicates which absorption coefficient
option is to be used.

If the value of IABFRO is 0, the original exponential vertical scaling is used. If IAEFRO is
1, the vertical profile model given by equation (1)is used. If tlis option is used, the other
four entries on this record must be specified, as they are the four coefficients in the model,
Co, €1, C2, aNd ¢3. The entries for ¢, ¢, ¢y, and ¢z do not need to bc specified unless IABFRO
is1.

Il thevalue o IABFRO is2, an arbitrary vertical profile of absorption cocflicients must exist in
the filenamed ALRHA PRO for the NOVAE model toread in. Theleft column of the ALPHA. ARO
fileis the height above ground in kilometers. The corresponding absorption coefficients are
expected in the second column from the left. The absorption coefficients arc in units of
kilometers~!. An example of such a data file is shown in section 5.3. The height above
ground and extinction are read using "free format.”" An example of at least one of these
upgrades is included in the sample input and output.

3.2 AGAUS Option

The switch for determining the typed Micefficiency factorsused in NOVAE is the parameter
DATAP on the AVBI record. If DATAPis 1, thefiles d exact Mie efficiency factors are needed.
These files have names beginning with the letters QTO. Thcse files are named QTOGDO . MIE,

*Ldward B. Rockower, 1985, Laser Propagation Code Study, Appendix &, Naval Postgraduate School,
Montercy, CA.
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QIOCDT .MIE, and QIOGDF.MIE; they are the Mie efficiency factors for water, Wp/Rp smoke,
and fog oil, respectively. These are the only aerosols that have precalculated, exact Mie
cfliciency factors. If the use of another aerosol is desired, the acrosol type, TAEROQ, must be
greater than 0.0, but no larger than 3.0; and the parameter DATAP inust be equal to 3.0. If
DATAP is 2.0, approximate Mie expressions are used. If DATAP is 3.0, the AGAUS option is
invoked. To use the AGAUS option the parameter IAER on the AVB1 record must be greater
than 0. This determines the type if aerosol. A value of 1.0 indicates water, 2.0 indicates
Wp/Rp smoke, and 3.0 indicates fog oil smoke. Values of -1.0 mean dust/nonvaporizing
materials and 0.0 means no aerosols. The NOVAE scenario should also include a cloud
(determined by the AVB2 record) containing the parameters for range to the cloud, RNGA, in
kilometers; cloud length, LA, in meters; and fractional cloud transmittance, TA.

One must also have the files AG.DAT and AG.QJT residing in the directory where the model

runs are being made. AG.DAT is the AGAUS input file. AGAUS record types 1, 2, 4, and 5
are needed.

Record 1isatitlerecord only. Record 2 inputs the parameters NAAVE (1.0), BIIDSTP (3.0), | W
(1.0), IDELT (0.0), NANG (1.0), IANG (1.0), NBINS (0.0), IEO (0.0), NEOU (0.0), NUNIT (0.0), and
M(RIE (2345.0). Nominal values for these parameters are given in the parentheses. NAMAE is
the number of wavelengths considered. NIDSTPis the number of size distribution typesto be
combined at each wavelength. The maximum valueof NIDSTPis5.0. | W determines whether
the aerosols are to be considered as water where a value of 0.0 indicates water. IW input is
overridden by the passing of the parameter IAER and isset equal to IAER - 1.0. IDELT is used
to signal the presence of record type 3a where 0.0 means not prcsent and 1.0 means that it
is present. NANG specifies the number of angles at which the phase function is calculated.
If it is 0.0 or 1.0, then the phase functions are of no particular interest. TANG equal to 1.0
means that the phase function calculation uses equally spaced angles between 0" and 180°.
If NBINS equals 3.0, then there must be no records of type 3c in the input. 1EO, NEQU, and
NUNIT are logical unit numbers of output. Definitions of these parameters are found in the
AGAUS documentation.

Record type 4 reads in IDSTP, QI Q2, Q3,Q4, Q5,and Q6. A mode 7 calculation needs an
IDSTP, Q1, Q2, and Q3. IDSTP denotes the mode 7 calculation. Q1 and Q2 are the minimum

and maximum particle radii to consider. @B is the increment in particle radius for each
calculation.

Record type 5 inputs WAVE, BVIA CAYA, RHOA, CONC, RALHUM, TEMP, and BEMUA WAE is over-
ridden by the transfer of the wavelength from the main NOVAE routine. EMA and CAYA are
overridden if the temperature is nonzero when water is the aerosol under consideration, or
these values are passed through the call from the main routine if the aerosol is not water.
These two parameters are the real and imaginary indices of refraction. RHOA and CONC are
not used. If RAEHUM and BVLA are zero, the Hanel growth factor is ignored. If they are not
zero, the aerosol will grow larger as the relative humidity increases.

AG QUT is principally the Mie efficiency factor table. This file is the only indication that
AGAUS is used in the NOVAE calculation except that the NOVAE output contains a single
reference detailing how the Mie efficiency factors are obtained. This reference is a single
line stating whether the approximate Mie expressions were used, exact Mieefliciency factors
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were used, or AGAUS Mie calculations were used in NOVAE.

3.3 Wind Profiling

The original NOVAE model contains a wind scaling model that alows the user to input a
windspeed at 1 m AGL and scales that windspeed with height above ground with a power
law. The exponent o this power law is also input in the original NOVAE model. Volume
22 of the EOSAEL 84 documentation recommends a value of 0.142 for the exponent. These
two inputs for wind scaling are HWINDO and V\NCRYV and they appear on the ATM1 record. In
addition, if slewing of the laser beam is used a wind direction may be specified in the wind
scaling. This is the parameter ANGWND also on the ATM1 record.

To implement the wind profiling option one must include an input record named WPRO with
the single entry being 1.0 for turning on the wind profiling option and 0.0 for turning off
the wind profiling option. If the WARO record is not present in the input deck, wind scaling
is used in the NOVAE model. A wind profile that covers the propagation :ranged interest
must be provided for use with NOVAE if the wind profiling option is selected.

The wind profileisset up in a three column configuration with the height above ground in
kilometersin the left hand column and the corresponding windspeeds and wind directionsin
the second and third columns. Windspeed is given in meters per second and wind direction
in degrees measured clockwisefrom north. The wind data isentered in an unformatted read
so no special attention need be paid to the spacing of the data. If a height aboveground for a
given propagation step in NOVAE is not represented in the wind profile, a linear interpol ation
is performed between the pertinent heights for windspeed and wind direction.

Wind profiling may be used with or without the slewing of the laser beam. A sample wind
profile is given in section 5.1.

3.4 C? Profiling

C? scaling is implemented in NOVAE using the ONSQO and QNSPN parameters on the ATM1
record. Tlicse are the valuedf the optical turbulenceat 1 m AGL and the power with which
to scale the turbulence.

The actual implementation of the vertical profiling of C? is not as simple as it appears
because of subtletiesin the approximationsused. A new subroutine to numerically integrate
the coherence length is called RCIPRO. Only one parameter has been added to the record
order independent input of NOVAE to implement this option. The new pararmeter, CN2FLAG,
has been added as thelast entry on the ATM1 record. This parameter is aflag that turns on
(1.0) or off (0.0) the vertical profiling option for C2. If the CN2FLAG parameter is 1.0, the
inputs for the power law scaling are ignored.

Tlic subroutine RCIPRO reads a "free format" input file named CN2. PRO as input data for
C2?. This file has two columns, the left column containing the heights above ground level
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in kilometers and the right column containing the corresponding C?2 values. The vertical

spacing o the C? profiles need not necessarily be equal and there is a limit; of 500 profile
entries.

At each propagation step in the phase integral in NOVAE, RCIPRO determines the limits of
integration for the coherence length integral for that step, determines the value of C? by
logarithmic interpolation, inserts the value into the integral representation of' the coherence
length, and performs a Romberg integration on the coherence length integral. Since a prop-
agation path in NOVAE is divided into at least 20 steps, RCIPRO evaluates the coherence
length integral for each of these intervalsto give a resultant coherence length value at each
step. This can be contrasted to using the power law expression for '} in the coherencelength
calculation where an approximation is made for the coherence length at «ach propagation
step in the NOVAE calculation. The price of using an arbitrary vertical profile instead of
the power law for C? is an additional factor of 10 in the computation time. A comparison
of power law scaling of C? and a smoothed data set of C? shows that there are distinct dif-
ferences between the two on occasion.® These differences can result in significantly different
spot sizes on target. Turbulence data can show both increases and decrease:; in value with
height over short intervalsin height, though with a generally decreasing trend over longer
intervals. The scaling law shows only the decreasing trend. A sample data fileis given in
the sample profile chapter. The arbitrary profile option for optical turbulence may use ac-
tual data, smoothed data, or values o turbulence at given heights above ground for another
turbulence model.

3.5 Stimulated Raman Scattering

The algorithm used in the NOVAE model to calculate the SRS effect has beer adapted from
the U.S. Air Force Short Wavelength Advanced Technology Modeling Propagation Codes.16
The basic theoretical concept utilized in the model is if the integrated gain at any height
AGL exceeds 30, then SRS isinitiated and beam propagation is terminated.

Specifically, the SRS model checksto determineif rotational or vibrational SE.S isto be con-
sidered, and it uses that information to calculate the gain at that height AGL. Expressions
for the gain have been developed!6 that depend on the height AGL and whether the SRS is
rotational or vibrational. Currently, it is thought that rotational SRS (J= 8 or 10) is the
most likely of the SRS phenomena to accur. '® After the gain at a given height is calculated,
theintegrated gain over height is calculated and compared to 30. If theintegrated gainisless

'Patii Gillespie and William Hayden, 1987, Two Enhancements to the 87 FOSAEL NOVAE: Model, Proceed-

ings of the Eighth EOSAEL/TWI Conference, U. S. Army Atmospheric Sciences Laboratory, White Sands
Missile Range, NM.

16D, W. Barrett, R. L. Battistelli, E. D. Kostic, R. D. Quinnel, and M. C. Fowler, 1986, ‘hari Wavelength

Advanced Technology Modeling, Volume 1 SWATM Analysis System Modeling, United Technologies Research
Cenlcr, East Hartford, CN.

'"M. A. Henesian, C. D. Swift, and J. R. Murray, 1985, Stimulated Rotational Raman Scali=ring in Nitrogen
in Long Airpaths, Optics Letters, 10: 565-7.
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than 30, the module returns to the main program and computation is continued on the next
step. If the integrated gain is greater than 30, then a message is printed to the output file
that SRS hasoccurred at that height and nofurther beam propagation should be considered.
Then the defocussing effect of SRS is calculated and a new beam diameter is determined
based on the amount of defocussing due to SRS. This new beam diameter is passed back
to the main NOVAE routine and a new power per unit area, basced on the divergence duc to
SRS, is calculated and used throughout the remainder of the NOVAE model. This processis
repeated at each propagation step in the calculation.

The beam defocusing calculation is the most approximate part of algorithm, and perhaps
the best way to use the SRS option of NOVAE is to simply note the distance along the range
where SRS occurs and to consider that the beam propagation ends there. We do not wish
to imply that the defocusing calculation is wrong, but rather that the defocusing is so great
that the concept of beam propagation beyond where SRS initiates has little meaning.

For SRS calculation, a new record has been added to the record order independent input.
This record is named ATM3 and contains the following input parameters:

IRAM, turns SRS on (1.0) or off (0.0)

o RSTYFE, determines whether the SRS is rotational or vibrational. SESTYPE is 1.0 for
vibrational SRS and 2.0 for rotational SRS.

o SRSLINE, determines which J-value is being considered for the rotational SRS calcula

tion. This parameter is specified only if the rotational SRS calculation is chosen. It
may be set to 8.0 or 10.0 to definethe J-valued the transition.

e IRAME, acts as the on (1.0) or dof (0.0) switch to include the attenuation due to scat-
tering, absorption, and breakdown in the SRS gain calculation.

A sample input and resulting output are included at the end o this document displaying
typical results using the SRS option.

3.6 Rectangular Aperture

Therectangular or fractionally obscured aperture options areimplemented by changeson two
input records, LAS and LAs2. The LASI record now contains the parameters DIAM, FOMR
FOAMVIAX, ENGRUL, BNGVIAX, and FOBS FOBS is one o the new parameters for {his option, and
the other parameters are discussed in volume 22 of the EOSAEL 84 documentation.? FOBSis
1l fractional obscuration of a circular aperture. This parameter should be set equal to 00
or omitted when not in use. When the fractionally obscured aperture is used, the value of
FOBS is between 0.0 and 1.0.

Frederick G. Gebhardt and M. B. Richardson, 1984, EOSAEL 84 Nonlinear Aerosol Vaporization and Break-

down Effect Module-NOVAE, ASL-TR-0160-22, U . §. Army Atmospheric Sciences L aboratory, White Sands
Missile Range, NM.
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The LAS2 record contains the parameters PRF, TO Tl MSDL, THIH, THIL, ASPECT, and XD M
ASPECT and XDI Mare the new parameters on this record. ASPECT is simply the aspect ratio
or the ratio of the y-dimension to the x-dimension o the rectangular aperture, XD Mis the
x-dimensiond the rectangular aperture in meters.

To invoke the rectangular aperture option, the input parameter | DBMon record CTRL is set
equal to 5.0. When | DBM equals 5.0 the valuesd ASPECT and XDl M must be set to nonzero
values also. For example, when | DBM = 5.0, and ASPECT = 2.0 and XDl M == 0.5, we have
specified a rectangular aperture o dimensions 0.5 by 1.0 m.

To invoke the fractionally obscured circular aperture, | DBMis set equal to 3.0 (circular
aperture) and FOBS is set to some value between 0.0 and 1.0. For example, if | DBM = 3.0,
and FOBS = 0.2, we have specified a 20 percent centrally obscured circular aperture. The
diameter o the aperture that isinput to NOVAE through the parameter Dl AM is the actual
diameter o the fractionally obscured aperture not the diameter d an unobscured aperture
with the same transmission area. The mode calculatestheequivalent diameter of thecircular
aperture used to represent the fractionally obscured aperture.

The fractionally obscured aperture algorithm has been tested in the following manner. The
fractional obscuration was set equal to 10 percent and cal culations were made in the NOVAE
model. The NOVAE modd already contains an algorithm for a circular aperture with 10
percent central obscuration. This option was used and comparisons were made between the
two model runs. The agreement between the beam radii and intensities was within a factor
d 2. and is better for the diffractionlimited case and the turbulence-iittcr case than Fa the

thermal blooming case. Use of the rectangular and fractionally obscured models should be
limited to non-thermal blooming cases.

One of the reasons that these aperture options do not extend to thermal blooming casesis
that thermal blooming affects the output o a laser with an aperture of dimensions 10 by
15 cm differently than one d dimensions15 by 10 cm. Our mode for rectangular apertures
treats an aperture of dimensions 10 by 15 cm the same as one o dimensions 15 by 10
cm. Sample casesdf rectangular or fractionally obscured apertures are shown in the sample
output chiapter in this document.

4. CAVEATS

In the course of upgrading the NOVAE code a number o peculiarities to the NOVAE model
were discovered and arc reported here.

The vertical scaling o the optical turbulence parameter witli the power law is intended for
horizontal or small elevation angle slant path scenarios. This is due to the approximation
used in the integration of the coherencelength, r.. The exponent of the power law should
be between the values o 0.7 and 1.3. Therefore, if the user intends to model a vertical

path scenario, a vertical profiled optical turbulence should be used in the calculation of the
coherencelength.

The NOVAE module appears to alow the capability o looking at a point past the focal
length of the laser beam, but in fact, the model does not accurately handle this situation.
Therefore, the value d the input parameter DRNGFO must be zero or greater 0 that the
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model calculates spot size and energy on target for a focussed beam at or before the focus.

['lie original NOVAE documentation recommends that the minler of poi s b Pl plinse:
integral, NPT, be set equal to 20.0. In fact, serious problems with the NOVAE model occur
for NPT > 20.0. NOVAE does not always operate error freefor NPT < 20.0. No matter what
the path length, it seems that NPT is optimally set equal to 20.

The phase integral calculationsin NOVAE are calibrated to be accurate for distances under
30 km. Comparisons have been made with the wave optics model SSPRO and spot size and
energy on target begin to diverge at 30 km path length. No guidance has lse1 provided in
the past on this topic. The maximum distance of 30 km is the result of a brief sensitivity
study and should not be construed as conclusive.

Finally, there have been problems with specific cases of breakdown transmittance being
greater than 1. This would indicate a larger than 100 percent transmittance of the beam.
The source of this problem was not fully identified, but the current version of the code
should at least alert the user if this situation should occur. It is believed that this situation

occurs when marginal breakdown occurs and there is a logic error in accumulating the air
breakdown effect.

5. SAMPLE INPUT AND OUTPUT

The NOVAE input filefor the upgrade version of NOVAE that correspondsto table 8 "NOVAE

Identifiers and Parameters" in volume 22 of the EOSAEL 84 documentation? is given in
table 4..

TABLE 4. NOVAE INPUT PARAMETERS

CARD PARAMETERS _ |
LAS1 DIAM POWER POWMAX ENGPUL ENGMAX FOBS '
LAS2 PRF TO TIMSDL THJIH THJL ASPECT XDIM
ATM1 | WINDO  HWINDO ANGWND WNDPOW CNSQO CNSQPW CN2PRO
ATM2 | SCRPTS ABSOR ABSSCA HA HS HTDEV HTTAR
ATM3 | IRAM SRSTYPE SRSLINE |IRAM

TAR1 | RANGE DRNGFO RMT XT Y71

TAR2 | TRAJAN BEARAN SLUVEL

CTRL | RAV IDCWRP IDBM IDSLEW NPT IDTLCO IDRSS
AVB1 | IBRK IAER IPRTOP NPA IRECON EXEXSC DATAP
AVB2 | RNGA LA TA TATM PATM REHL

AVB3 | NR/MEC NI/MAC RM/FAH SIG TBOIL ROA CPA

AVB4 | CPV LHA EPSA DCA RGA KAIR MV
APRO | IAEPRO Co C1 Cc2 C3

WPRO [ WINPRO

GO

DONE

The original input parameters are identified and discussed in volume 22 of the EOSAEL 84

Fredarick G, Gebhardt and M. B. Richardson, 1984, EOSAEL 84 Nonlinear Aerosol Vaporization and Break-
down Effects Module-NOVAE, ASL-TR-0160-22, U. S. Army Atmospheric Sciences Laboratory, White Sands
Missile Range, NM.



documentation and the new parameters are discussed in 1lis document.
Included here is a'so a sample AG.DAT file used for the NOVAE-AGAUS input:
EFFl O ENCY TABLE FOR NOVAE Wp/Rp Smoke AT 3.8 um.

1 3 5 0O 01 1 00 0 0 00 2345

7 0. 01000 00. 100 0.01 2.50 0.100E-12
3.B00E+00 1, 3B0E+00 0.04TE-00 .2500E+01 1.0COE-09 00.00E+00 2. 500
7 0.12000 01.000 0.02 2.50 0.100E-12
3. BOOE+00 1.380E+00 0.047E-00 .2600E+01 1.000E-09 00.00E+00 2. 500
7 1.10000 10.100 0.10 2.50 0.100E-12

3.800E+00 1.380E+00 0.047E-00 .2500E+01 1.000E-09 00.00E+00 2. 500
# THE FOLLONNG | S ECBAEL SOURCE QONTRCL | NFCRVATI ON YQU CAN SAFELY REMOVE IT
# SCCS w@i®) AG.DAT 2.1 02/23/90

Here is the sample AG. QUT file generated using the previous input:

EFFICIENCY TABLE RR NOVAE: Wp/Rp Smoke AT 3.8 1z,

INTEGER CONTRCL. PARANETERS:

WOAVE NIOSTP IV IDELT NABC TANG WBINS |EO EEX NUNIT WQRTE

1 3 L 0 1t 1 0 0 & 0 2u

CONVERGEWCE CRITERTON (DELTA) = 1.000E-03
NAXINUN NIE STZE T0 EE USD IS 400.00

LOOPING OFTION Y EFFECT FOR 3 AERDSOL CONPONENTS

MULLWN WORSER OF RADI| FOR EACH INTERWAL IS: 513
AERCEL. COKPONERT YO. 1: TABLE GENERKTION NODE
RLO = 1.00000E-02. MI= 1,00000E-01, CHR = 1.00000E-02

VAVELERGTH - 10.6000 NICRIMETERS

REAL INDEX = DMGSEe00 DMAE. INDEX =  REDOE=[N

GROWTH FACT. = et T (DEG. €) = 250 REL. AUNIDITY .00

R{NICRONS} DRY RADIUS  WIE SZE Q(EXT) QU] QUams) Q{RADAR) R IHE(A2I] | INX{ADI)

01000 1 B0NE-R 5.92753E-03 5.15297E-03 3.82996E-10 5.15297E-03 6.74495E-10 1 ZE004L+00 4 00DOOE-01
1H00 2.00000E-02 1.18551E-02 1.03066E-02 6.14532E-08 1.030G6E-02 9.19136E-09 1 JEOME-D0 4 00000E-01
.03000 3.00000E-02 1.77826E-02 154613E-02 3.10784E-08 1.54612E-02 4.65278E-08 1.38000E+00 4.0000CE-01
.04000 4.00000E-02 2.3T101E-02 2.0617SE-02 9.80273E-08 2.06174E-02 1 4703SE-07 1.38000E+00 4. OOOOOE-O1
] (0L 2.9637TE-02 2.57758E-02 2.30473E-07 2.57755E-02 3.58924E-07 1.38000E+08 4 00000E-01
.06000 6.00000E-02 3.55652E-02 3.0936TE-02 4.96663E-07 3.09362E-02 7. 44140E-07 1 JEOME=[ 4 00000E-01
47000 7.00000E-02 4 14927E-02 3.61008E-02 9.20126E-07 3.60099E-02 1.37834E-06 1 1EOCOEs[0 4. COOOOE-01
08000 8.00000E-02 4.T4203E-02 4.12686E-02 1.56898E-06 4.12670E-02 2.35084E-06 1.3B000E+00 4 GiidL-nl
00000 9.00000E-02 5.33478E-02 4.64405E-02 2 GITME-D6 4 G4380E-02 5 TORE0E-06 | JROGIE=D0 4.00000E-01
10000 1.00000E-01 5,92753E-02 5.16173E-02 3.33060E-06 5.16135E-02 5.73613E-06 [ 3000C(d 4. 00000E-01
AFRCEL. CONPONENT NO 2. TABLE GENERATION RIE
RO = 1.20000E-01. RMI = 1.000%02-10. DHR = 2.00000E-02

VAYELENGTH = 10.6000 NICRONETERS

RAL NDEX = .1380E«01 INAG. NDEX = S{die

GROWTH FACT. ¢ £<20 T (DEG. €) = 2.50 REL. HUMIDITY .00

R(HICRONS) DRY RADUS  MIE SZE Q(EXT) Q(5Ch) Qines) QULATEE]  RL INK(ADI) [® INY(AD)
12000 1.20000E-01 7.11304E-02 6.19871E-02 T7.942(8E-06 6.19792E-02 1.18862E-05 [ J2000E«M) 4.00000E-01

25
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14000 1.40000E-01 8.29855E-02 7.23828E-02 1.4T137E-05 7.23677E-02 2.20024E-05 1.3G000E+00 4.00000E-01
16000 1 ES0ODE-0L 9.48405E-02 828074E-02 2.50992E-05 8.278623E-02 3.74987E-05 1 CEsB0 4 00000E-01
18000 1.80000E-01 1.06695E-01 9.12662E-02 4.02002E-05 9.3226|E-02 5.96989E-05 [ MAOOE<[M) 4 QOOOOE-0f
.20000 2.00000E-01 1.1855(E-01 1.03763E-01 6.12670E-05 1.03702E-01 9.13326E-05 1.38000E+00 4 00000E-01
22000 2.20000E-01 1.30406E-01 1.14303E-01 8.96010E-05 1.14213E-01 1.33531E-04 1.36000E+00 4.00000E-01

.24000 2. 40000E-01 1.42261E-01 1. 24889E-00 | JPOLLE- 1.24762E-01 1.88B24E-04 1.38000E«00 4.00000E-01
.26000 2.60000E-01 1.54116E-01 1 35527E-01 174905E-M 1.353526-01 2.59631E-04 JOE=00 § DORE
.28000 2.80000E-01 1.65971E-0f 1.46215E-01 2 35208E-04 1. 45G84E-01 3 43558E-(4 MEESD0 4. 00000E-01
1030 3.00000E-01 1.77826E-01 {.569T1E-01 3.09873f-04 1 .56661E-01 4 S5B391E-04 1 BEOME-D0 4.0 [

232000 3.20000E-01 1.39681E-01 1.67787E-01 4 .01030E-04 1.67386E-01 5.92085E-04 1.38000E+00 4,0Q000E-01
.34000 3.40000E-01 2.01536E-01 1 786TOE-01 5.10907TE-04 1.78150E-01 T.52760E-04 1 3B0OCE-00 4. 00000E-01

SO0 3.60000E-01 2.13391E-01 1.89624E-01 6.41379E-04 1 3B982E-01 G.43689E-04 1 3EOCE-I0 4 OOOOQE-01
(38000 3.80000E-01 2.25246E-01 2.00654E-01 7 9G4BSE-04 1.998%8E-01 1.16829E-03 1 JEOUOE-ID 4.00000E-01
40000 4 00000E-01 2.3710ME-01 2.13763F-01 9.77342E-04 2.10786E-01 1.43012E-03 [ SALOTE-00 4, 00000E-D1
2000 4.20000E-01 2.48956E-01 2.22956E-CL 1.18T27E-03 2.21769E-01 1 .73284E-03 1 SA0dieddl 4, 00COCE-01

4000 4 AOC0OE-01 2.60811E-01 2.34735E-01 1.42013E-03 2.32806E-01 2.080P5E-03 [ TAC(GE=(d 4, 00000E-0f
46000 4 BODODE-UL 2.726676-01 2.45605E-01 1.70595E-03 2.43900E-01 2.47622E-03 1 3E0CLE-00 4. OO00QE-01
LEOC0 4 8000OE-01 2.84522E-01 2.570TOE-01 2.02091E-03 2.55045E~01 2.92477E-03 1.38000E+00 4.0000CE-0!
50000 5,00000E-01 2.96377E-01 2.6863!E-01 2.37TITE-03 2.66254E-01 3 42078E-03 1 38000E+0% 4.00000E-01
52000 5 DOMCE-IL 3.08232E-01 2.80293E-01 2.77816E-03 2.77515E-01 3.99548E-03 ! % 4. 0000OE-01
.54000 5.40000E-01 3.20087E-01 2.92060E-01 32273KE-03 2.8883E-01 4 62505E-03 1.3B000E+00 4 0OODOE-01
0000 5.60000E-01 3.319426-0f 3,03933E-01 3.72821E-03 3.00204€E-01 5.32533E-03 1.38000E«00 4.00000E-01
$8000 5.80000E-01 3 437S7E-01 3.15015E-01 4 28M42E-03 3.1(631E-0f 6.00T74E-03 1 FA000T=00 4 C0Q00E-G1

=

.§0000  6.00000E-01 3.55652E-01 3.28010E-01 4 809QE-03 3.231I0E-01 §.94732E-03 [ MA000T10 4 O00AOE-01
62000 6. 20000E-01 3.67507E-01 3.4C219E-01 5.57778E-03 3.34642E-01 7.87813E-03 1| TAJ0NL=M 4 QO0O0E-01
64000 6.40000E-01 3.79362E-00 3.52546E-01 6.32260E-03 3.46224E-01 §.BO418E-03 1.3B00QE+G0 ¢ 000OCE-01
65000 6.60000E-01 3.91217E-01 3.64002E-01 7.13750E-03 3.57854E-01 9.99943E-03 [ MANOGE=( § CUOSDE-D]
68000 6.80000E-01 4 03072E-01 3.77558E-01 8.02790E-03 3 69530E-01 1.11977E-M 1 MALGGE<00 | Q0OO0E-01
70000 7.00000E-0f 4.14927E-01 3.G0247TE-01 8.09632E-03 3.81251E-01 124926E-02 | MA500L=00 4 Q0O0OE-01
.T2000 7 20000E-01 4.26782E-01 4.03060E-Q1 100472E-02 3.93013E-01 1.38878E-02 1 J3DOOL0N 4.00000E-Of
.TE000 7.40000E-01 4, 38637E-01 4.15998E-01 1.11846E-02 4.04814E-01 1 53866E-02 HNCE 4. 00000E-01

76000 7.60000F-01 4 .50493E-01 4.20062E-01 1 24124E-02 4.16650E-01 169921F-02 1.38000E+00 4 0O0OOE-01
_T8000 7.80000E-01 4 62348E-01 4 42253E-01 1. 3T347E-02 4.285080-01 187074E-02 | Bi00e=iil 4 MIOWE-OL

.80000 8.00000E-01 4 74203E-01 4 5BSTOE-O1 1.51553E-02 4.40415E-01 2.05350E-07 1 MA000E+00 4.00000E-01
82000 &.20000E-01 4.360S8E-01 4.69014E-01 1.66783E-02 4 52336E-01 2. M4773E-02 =0 4.00000E-01
84000 8.40000E-01 4.97913E-01 4 82585E-01 1.83074E-02 4.G4278E-0t 2.45364E-02 1 FEODOE-[0 4 DOOOGE-01
(86000 8.60000E-01 5.097T68E-01 4.96282E-01 2.00463E-02 4.76236E-01 267142E-02 L 1MS0GT+[) 4 OOOOOE-01
-§8000 & 80000E-01 521623E-01 5.1010ME-0t 2.18988E-02 4.88205E-01 2.90118E-02 ¢ JROGGE+(N 4.00000E-01

90000 $%.00000E-01 5.33478E-01 5 2405CE-01 2.38684E-02 5.00182E-01 3.14304E-02 1.33000E+00 4.00000E-01
2000 §.70000E-01 5.45333E-01 5 38{19E-01 2.5954E-02 5.12061E-01 3.39706E-02 1, 38000E+00 4 HOO00E-01
94000 9.40000E-01 5.57188E-01 5.52308E-01 2.81723E-02 5.24136E-01 3.66323E-02 1 38000E+00 4 0

.96000 9.60000E-01 5.69043E-01 5.66616E-01 3.05132E-02 5.36103E-01 3.94155E-02 & JB00C+M 4.D00OCE-01
.98000 6.80000E-01 5.80898E-01 5.B1040E-01 320830E-M 5,48056E-01 4.23191E-02 KE+0 4 00000E-01
1.0000 1.00000E+00 5.927S3E-01 5.95577E-01 3.55872E-02 5.59990E-0f 4 SM4I0E-02 1 MAME«d 4.00000E-01
AERQSOL CONPONENT MD. 3: TABLE GENERATION MODE
RLO = 1 10000E+30 BHI = 1 O1000E+01. CHR : 1.00000E-01

VAVELENGTH = 10.6000 NICRONETERS
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RAL | NDEX

GROWTH FACT. -

R(NICRONS) Y RAOLB
110000 o {odeE=0
1.20000 & MEoEsin
1.30000 | ae0Es0m
140000 1. 4neaisim
1.50000 1 So0e0Ce
1.60000 & EogiEs
170000 1 TRCOOEsN
180000 © BOGHES
1.90000 1 SOCOGESN
2.00000 2
2.10000 2
2.20000 1
2.30000
2.40000 I
2.50000 1
2.60000 2
2.70000 1
2.80000 1
250000 2
3.00000 3
3.10000 1
3.20000 i
3.30000 1
3.40000 3 Aersi
3.50000 & S0Eei
3.60000 3 em0onC00
3.70000 3 TrE0E
3.80000 1 EdiT=[
3.90000 3. FO00E
4.00000 4 ceis=m
4.10000 4 10000E-0
4.20000 4 HOO0Es
4.30000 4 MEIEe0H
4.40000 4 A0000Es
4,50000 4 EodEepg
4.60000 4 SooaEm
4.70000 4 ToopOrsm
4.80000 4 EGO0Te0)
4,90000 4 SR
5.00000 5 [OG0E=0
5.10000 5. 100t
5.20000 5. ML«
5.30000 & 1o0pEem
5.40000 & d4rinein

1(E=(0
NRAE=(
IaE=
HOGE00
SOR{TE=N
EAFHIE =]
TOR00E=00
BORE=(0
W=
LO00E=(0
10RHE={)
A00E=(0
SGE

(=0 |

6.52029E-01 6.69840E-01
T.11304E-01 7.46330E-01
7.70679E 01 8.24362E-01
8.20855E-01 9.03132E-01

8.89130E-01 9.81781E-01
9.48405E-01 1 (EMEESN)
1 TEERERD 1.13552E+00
L (SEMELDD [ 0SEIE=(N)
1. IMEE=00 [ FEESE=(0

PEESIE=DD 1 JAOGIE=N)
I 24TBES20 1 ATATOES(N)
1 M0EE=D0 | ATTEII=00
1 E3E=D0 1 SITG0ED0
I EI1EN0  1.58580ERD
1 AEIBBER() 1 GSRTTE=(
LSANG6E#00 1 TES4EE=DD
I G0MIE=D0 1 TEATOESD)
1. BSATIESD0 L BAISSE()
1. T18S8EsD0  § BATOEEDO
L TTEIGE=(0 § G900E=(0)
1 BATHE=DD 1 9315500
1 BEGAIESD 1.9708TE+00
1-95608E=00 2 (0RESE=DO)
2 BLE3GE00 2 EATED=()
2 OTREAERDN 2. 0TT46ESQ0
TS0 2 1HIST00
ZAGMES0 2 13M0ED)
IEMEE-00 T 16VE0E=00
2 ILOTES0 D 19398E-00
TATWIE=RD 3 TAeE=DO
2.43020E+00 7 PII0L#00
T ASE-R 1 M=)
T ARG 2 SN0
2ATIED) 7 MMEE)
2.66739E+00 2 IITEIE=I0
1 THMTESD0 2 XON1GEe)
1 TEEHESIO 2 M)
L METE TOJGIEAE0
2BORED0 2,3TT33E400
LNTTED 2. Mo E=(D
3.02304E+00 2 HOLESE=0

3 AENED 2 =00
T MLGOESDO D 4DFESTe(0

3 HOMTERD) T 4RGS0

(1380E+01 TMAG. INDEX :  BNIEe00
oiEe0 T(OEC €) = 250  REL HWIDIY . QD
MESZE  Q(EXT) QIECk) qiaEs)

Q(RADAR)  RL IHE{aal]

5. 06748 02 6. 19166501 6. 21612502 & 388i«0

6. 93546E 02 6. 76975E 01

9.16685E 02 7.32693E01 1 02378E01 &
1 17450801 7. 85682601 1. 23794E01 1

14632301 8. 35458501

L77731E01 8 81752501 1 62093E0L ¢

8. 14440 02 1.38000E+00
300000
IROOGE 0
SO =00
330000

1L 4237E0L ¢

2. 100KE-01 9. 2452301 1 75766501 1.38000E+00

2.45386E 01 9. 63044E 01 1.83877E-01

2.80217E 01 1.00034E+00
3 14904E: 01 1.03413E+00
3 49024E01 1.06568E+00
3.8232TE01 1.09531E+00
4, 14726501 1.12318E+00
4, 46258E- 01 1. 14934E+00
4. 77035E 01 1.17374E+00
5.07193E01 1.19627E+00
5.36BIE0L ¢ 2LeRET=0
5. 66087E 01 1,23546£+00
5 U27EQL 1.25218E+00
6. 23347E 01 1.26705E+00
6.5128301 1.28034E+00
6.78644E-01 1.29223E+00
7.06322E 01 1.30290E+00
7.31207E-01 1.31254E+00
7. 56196501 1.32126E+00
7.80200E-01 1.32915E+00
8.03148E-01 1.33625E+00
8.24995E-01 1.34260E+00
8.45717E 01 1.34823E+00
8. 65318 01 1.35317E+00
8 83819E 01 1.35748E+00
901265601 1.36123E+00
9. 1771101 1.36451E+00
9.33227E-01 1.36742E+00
9. 47885E- 01 & drpii=in)
9. 61760E 01 1.37239E+00
9. 74915E 01 1.37452E+00
9. 874ME- 01 1.37643E+00
9. 9926701 1.37806E+00
1.01053E+00 | J7TRaE=00
1.02119E+00 1.38036E+00
1.03125E+00 1.38095E+00
1.04074E+00 | BALIGE+0)
L (MEGSESI0 1.38097E400

[ D300
1 8461E01 & A=
1 80117E-01 1 280darain
1 68102E01 & 38%sin
L50327E0L & FaEdaieim
1.28281E-01 & 3800si
1 0386201 & masiesiil
T.91718E-02 [ HALI«H
5. 62804E- 02 1.38000E+00
3.70109E-02 [ GRMMT-
2.27655E 02 1. 3RcTa0
1. 44003 (02 1.38000E+00
1 22197602 & 33000«
1.58932€-02 [ FADTs
2. 46044E02 1 38T
3. 710626 02 & Haaigsi
5. 18652602 © HaNai
6. 722006 02 © a0 sm
8.15503E~02 | AMALa
9. 34362602 © AR
1 01801E0L ¢ msE=in
1.05980E-01 © 3R003E<0
1 065782501 1 JEEE=00
1.01455E-01 ¢ 3a00Tad
9.36349E 02 | 30
8 32458E 02 [ Fadaiem
713058502 ¢ HhanE-m
5. 9254E 02 ¢ =i
4. 79676E 02 ¢ 3a0i0T«m
3350MPEMR 1 a0
3 1ANEQ2 [ ST
2,T8456E-02 © SALIGE=0
2. 7276302 1.38000E+00
2.97755E 02 1.38000E+00
3.48998E: (02 1 3300t
4.19811E-02 [ 2000E<
5. 02044E Q2 [ Fnitsml

T4 INX(AD])
4.00000E-01
4. OO0 01
4.00000E-01
4.00000E-01
4.00000E-01
4.00000E-01
4,00000E-01
4.00000E-01
4.00000E-01
4.00000E-01
4.00000E-01
4.00000E-01
4 00000E-01
4, 00000E-01
4,00000E-01
4.00000E-01
4.00000E-0t
4.00000E-01
4. 00000E-01
4 00000E-01
4 00000E-01
4.00000E-01
4 00000E-01
4.00000E~01
4.00000E-01
4.00000E-01
4.00000E-01
4,00000E-01
4.00000E-01
4.00000E-01
4 00000E-01
4.00000E-01
4.00000E-01
4.00000E-01
4.00000E-01
4 00000E-01
4.00000E-01
4.00000E-01
4.00000E-01
4.00000E-01
4.00000E-01
4.00000E-01
4.00000E-01
4.00000E-01



5.50000
5.60000
5.70000
5.80000
5.90000
6.00000
VAEBACH
REAL INDEX
GROWTH FACT.
YAVHENGTH
REAL INDEX
R(MICRONS)
6.10000
6.20000
6.30000
6.40000
6.50000
6.60000
6.70000
6.80000
6.90000
7.00000
7.10000
7.20000
7.30000
7.40000
7.50000
7.60000
7.70000
7.80000
7.90000
8.00000
8.10000
8.20000
8.30000
8.40000
8.50000
8.60000
8.70000
8.30000
8.90000
9.00000
9.10000
9.20000
9.30000
9.40000
9.50000

fi. BORO(E=00
5.60000E+00
b, TOOE[0
fi. MSOE=(0
b, SOO00E={0
6. DORO0E «001

JUBGITHESD0 2 ABNISE00 1.057T8E«00 1.38048E00
1. 60N

3 IMIEeD] 7 HF1EE=0
3 ATREHED] 2 4SAZIE-00
1 AATETI00 2.45669E+00
T 4aTHE=0) 2 4AL5HT(

i EGESIE(0 3 {6GIE-(0

= 10.6000 NICROMETERS
= _1380E+01 INAG. INDEX = . RROG[=00

= 25401

T (DEG.C) = .00

: 2.5000 NICROMETERS

= .0000E+00 IMAG. INDEX

[RY RADUS
. 10000E=00
i FG00ESD0
i S000ERD0
6 4O000ES 00
i SOMOESD0
. B000E=00
6.70000E00
. BOSOOT-00
§ BMOESD0
T OOSOESD0
T 10300E+00
T J000E+00
A0E=00
T ADMOERD0
7500008900
T E0MOE-00
T TOM0E-00
T HOM0T=00
T S0000E=00
B (OR00Es00
8 10000E=00
B 2000000
B 30000E#00
& 40M0E=D0
B S0000E=00
B EON0E=00
B TORUESD
8 EMEsD
B BOBES00
9 (OMOED0
0 10000E#00
| HMESDN)
9. MH00E=0
& ADB00ES00

EHOE=00

i

MESIZE Qi

3 BLSBOERD0 T ATHSE
3 ETSOTESD0 2 ATITIE=00
3 TMIGESDD T ATTOIERD)
3 TUMIES D ATHAESD
3 BSIESDO T 4BMEESDD
3 BLIITESDD 2 4A4SESD0
STHEES 2 4BEZLE=D
EHITIESD0 7 ATTHIERD
ISO00ES00 9. 488226400
§.14927E900 2 AGREITIN
i

{ TMEEESD0 2 ABETOESD)

- e L s

4.26782E+00 I 4AREOTR0E
4 ETi0E=00 2. 4B80aEs
4 38637E+00 2 HATERI=IN
4 44565E+00 1 BERITE0
& BHSSERDO D 4ABD1E-DD
§ SREHESD 2 48511Ta00
doEIMEESD0 2 HNI0E-I0
b EEITEE=) 1 {AHE-(G
4oTHRGE-D) 2 WITESD0
4 BOL0E-D 2. ABI0E=D0
4 86058E+00 2 ATETIE=(N
L RI9S5E=D0 2 ATRRIE=DO
4 TH3E-D0 2 ATEIBED
G (OM0E=00 2 ATHTE=DO
B DOTEBE=DO 2 ATIIOE=N
S 1GE86E=( 2 AGASBE«D0
5.21623E+00 2 4AEEIT-[)
5 ATEE0ES( 3 AGHETE=D]
5. EMTEE=D0) 2. 4625
3. BS6E-00 2 AGSIEE-D)
G 45JEEAD0 2 ABINE-D
G GLIEIE=D0 3. 4SE10E-D]
5. ETIESE=00 2 {5155E=00)
5. GILIEESDO 2 ASITEESD)

1.

07244E+00

1.37972E+00

L. ITETHES]

1.07892E+00 1.37776E+00
1.08489E+00 1.37669E+00

1

09040E+00

I ATSEEE+{0

REL. HUWIDIN .00

q(sca)

Q(4BS)

1.09549E+00 1.37456E+00

1.
1.
1.
1.
1.
1.
i
1.
1.
i,
1.
1.
L.
{.

—

10020E+00
10459E400
10867E+00
11247E+00
115G9E+00
11925E+00

12023E+00 ¢

124HE00
12739E+00
12958E+00
131526400
13324E+00
13476E400
13611E+00
LI A0EN

LIRGAT a(x)

.13935E400

L 4R =00

-

R UG U N T Ty

14101E400
J4TIEX00

LAZAIE=(K)

.14286E+00
J14330E+00
. 14365E+00

14392E400
14412E+400
14426E+00
14433E+00
14436E+00
HTE=p0

L 1H36E=[0

N =

144348400
. 14431E+00
14427E+00

[ AT IR0E=00
1.37242E+00
1.37126E400
1.36998E+00
£ BSEEHN)
1.36696E+00
JEENI +{0)
1.36328E+00
1.36124E+00
1.35913E+00
1.35699E+00
1.35485E+400
1.35276E+00
1.35071E+00
1.34870E+00
1.34673E400
1. 34475E+00
1.34275E+00
1. 34070E+00
1.33859E+00
1.33641E400
1.33415E+00
1 AT+
1.32952E+00
1.32718E+00
1. 3U8TE+00
1.32258E+00
1 TIGSE
1.31815E+00
1. 31600E+00
1.31388E+00
1.31176E+00
1.30964E+00
L. MAR0E0

28

5.86954E-02
6.66059E-02
7.31903E-02
7.78666E-02
8.02600E-02
8.02267E-02

Q(RADAR)
7.78580E-02
7.34628E-02
6.75325E-02
6.06889E-02
5.36200E-02
4.70111E-02
4.14790E-02
3.75136E-02
3.54366E-02
3.53752E-02
3.72585E-02
4.08296E-02
4.56768E-02
5.12757E-02

IR

L. 000
1. Z000E400
3000640

S

1.38000E+00

RL INX(AD])

IR0

1 BB + (0

A
1003040
000
IO
O
SO0
SO0
JR0GE 00
T

HR00[N)

L. 33000E+(0

5.70432E-02 |
L 3300GE 00

6.23948E-02
6.68008E-02
6.98403E-02
7.12385E-02
7.08931E-02
6.88807E-02
6.54440E-02
6.09637E-02
5.59159E-02
5.08224E-02
4.61962E-02
4.24908E-02
4.00554E-02
3.91022E-02
3.96878E-02

4.17099E-02 |

4.49210E-02
4.89574E-02
5,33785E-02
5. TT146E-02

LR

M0

1 30H00

ADOGEN)

ARG

1. 30000E 40

OO0 )

L3000+

I 3RS0

IR0+
IB00E+)
IBR00E+110

AROGEN)

1. 3800+

1.38000E+00

I . J5000E+00

R003E+

1. 3R000E )

JR00E400
IR0

| J0R0E+00

4.00000E-01
4 00000E-01
4.00000E-01
4.00000E~01
4.00000E-01
4.00000E~01

IN THX(ADJ)
4_00000E-01
4.00000E-01
4.00000E-01
4.00000E-01
4 00000E-01
4.00000E-01
4.00000E-01
4.00000E-01
4.00000E-01
4 00000E-01
4.00000E-01
4.00000E-01
4.00000E-01
4.00000E-01
4 00000E-01
4 00000E-01
4 00000E-01
4 00000E-01
4.00000E-01
4 00000E-01
4.00000E-01
4 00000E-01
4 00000E-01
4. 00000E-01
4.00000E-01
4.00000E-01
4.00000E-01
4.00000E-01
4.00000E-01
4.00000E-01
4 00000E-01
4.00000E-01
4 00000E-01
4.00000E-01
4 0000CE-01



10 2000

The Mie efficiency factor file QTOGDT.MIE used for this caseis:
4.

000 0 SOON0E-I0

(OORTE o
[Tiat 1#n1

210730E-03

8.424680E-03
1.264530E-02
1.687640E-02
2.112180E-02
2.538570E-02
2.967270E~02
3.398720E-02
3,833430E-02
4,271900E-02
5.162280E-02
6.074370E-02
7.012950E-02
7.983120E-02
8.990170E-02
1.003960E-01
1.113720E-01
1.
1
1
1
1
1
2
2
2
2
2
2
3
3
3
3
4

228850E-01

.349940E-01
.477850E-01
.612250E-01
. 754550E~01
.904950E-01
.063910E-01
.231800E-01
.408970E-01
.595640E-01
.7T91960E-01
.998000E-01
.213700E-01
.438910E-01
.673350E-01
.916680E-01
.168420E-01

SOES0 D WALTES(D
S TASTIES0 7 WTEIESD0

: BOBLEE K
y ERRMEN] T 4N
i HITRIEM

5 SIENIEN 7 438

1.225360E~-08
1.962430E-07
9. 9277503- 07
3.137120E-06
7 .680350E-06
1.588050E-08
2.941900E-05
5.018030E-05
8.035910E-0%
1.224580E-04
2.537840E-04
4.698130E-04
8.006730E-04
1.280870E-03
1.949110E-03
2.847980E-03
4.023820E-03
5.526070E-03
7.407020E-03
9.721070E-03
1,252400E-02
1.587220E-02
1.982180E-02
2.442740E-02
2.9740603-02
3.580950E-02
4.267650E-02
5.037750E-02
5.894030E-02
6.838350E-02
7.871500E-02
8.993220E-02
1.020210E-01
1.149540E-01

1 ELLIFE+H0E
TLE+08
T AN D

L ASE=D0 | S

LA415E=( £

1. ERELEE+DG
1. TEEEIE

1 16I50E =20

114300 |

=

HEHEN)
BRIt &

JOAEHG

| IR

| Ha
L w

| PEEIEADD & EASOE-LD |

=0l

29

. XMENE-17
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s

G B B ORI -BI BT B R RS RS BRI R RY B e e e e = e e B0 WD WD @D B D = =} =] =i @ O O A O A e

L&28060E-01
. 695000E-01
.5BBE30E-01
.248310E-01
.533460E-01
+B23510E-01
.118020E-01
.418630E-01
~T19110E-01
. 025380E-01
.335510E-01
. E496B0E-01
,DBE220E-01
L291E20E-01
.620030E-01
354 1BDE-D1
. 204 380E-01
.640810E-01
.993610E-01
.035260E+00
.OT1T30E+D0
. 258260E+00
LA42050E+0D
. 60T 220E+00
. TS9930E+00
LA12880E-00
.0SBTTOE+DO
.214590E+00
.339310E+00
L4 TEROE+DD
.BE16B0E+00D
.BB3320E+00
;T41820E+0D
.BOBO20E+00
.BB1230E+00
.910040E40Q
.BEBBTOE+00
. 990980E+00
.DOG3BOE+00
LOOSETOE+DD

-

l-nn-n-n-n-wp-m-n--q-i--nl-|-r|--qummh###mmhﬁuuuﬂuuh}“ﬂ'—'

. ZBESROE-0]1
~4319T0E-01
.BB40B0E-01
. TA2580E-01
.S06830E-01
OTE220E-01
. 2500TOE-0L
LA2TROOE-01
LBOAB10E-01
. T93030E-01
-8TS820E-01
~169500E-01
.361880E-01
.BET230E=01
. TEEOO0E=-D01
.958880E-01
. 165830E-01
ATEDBOE-O1
585940E-01
.81893TOE-01
.QE04S0E-01
«296TO0E-01
. G25530E-01
.BI54TOE-01
L005200E+00
LA1155TOE+OD
2GR 20E+00
. 3351 50E+00
-431230E+00
-E512000E+00
-EBETTOE+00
.GETOBOE+00
. T224B0E+D0
LT T2240E+0D
, BOG4Z0E+0D
8321 TOE+0D
. BEE2H0E+00
.BT3240E+00
.BT9530E+00
-BT3L00E+00

S0



I»..'IlI'-..'ll'-..'ll-n.'l'HHHI-.'Ilb.'llh.'lI-..'lHHHHHMHHMHUHHHHMMHHMMMHHHHHll.l:ll:-ll

L0127 IOE+TD
.D16130E+DD
JO10BI0E+DOD
JB21080E=00
LBE3200E+00
LBAT430E+D0
LS1E160E+0D
. BEBLE0E+DD
LBE410E+OD
LHLATS0E+QQ
. TTE2A0E+0Q
L T44220E+00
L T12410E+00
. BTE240E+00
G363 10E+Q0D
GO2Z3I0E+00
. ET4860E+00
. 548320E+0Q
. 519380E+0Q
LAS0Z40E+00
.4GEBE0E+DD
+AATIGNE+DD
43 1030E+00
+413530E+00
. 3HE240E+D0
. A82TBOE+0D
. 3T40TOE+0Q
AET310E+00
. J598B0E+0D
. 3524 20E+00
 3ETEQOE+Q0
- 3458 TOE+Q0D
- J4EEE0E+Q0Q
L3445 30E+00
- 343060E+00
-342BANE+O0
. 3146 10E+00
. JAE3TOE+DQ
L3484 TOE+00
L3491 TOE+00

l-I-'hl'l-'lHI-"Hl-'-l-lll-ll-iI-III-I'I-I'I-'I-"-I-"-I-"'-I-"I-"I-ll-ll-l'lr‘lr‘l-*i-'l--l-l'l-l'll-‘l-'l-'-l-"l"'l-'-l-"I-"'-"'l-

.BEOTTOE+DD
LB46440E+00
LB25110E+00
.BO43TOE+DO
 TT2040E+00
. T36830E+00
.TO2ZETOE+00D
.668000E+00
~G29560E+00
LEETIEOEHQD
. BAEOBOE+DD
. Y06260E+00
LAB9R30E+00
LA32E40E+00
+ 394 190E+00
AETII0E+DD
»324T10E+00
 295840E+00
. 26BITOE+DO
- 241 180E+00
» 2161B0E+DD
. 1960TOE+00
- 1TTE30E+00
-16209QE+00
- 14TG00E+Q0
- 1350680E+00
. 126590E+00
» 118850E+00
- 113830E+00
- ID94BOE+Q0
- 1063TOE+QQ
- 106240E+Q0
105910E+QQ
10T430E+Q0Q
LA081TOE+00
L111330E+00
. 1143T0E+00
. 118230E+00
L 122 XI0E+00
- 126180E+00
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2.360230E+00
2. 3521 TOE+D0
2.354230E+00
2, 355390E+00
2. 356620E+00
2. I56E50E+00
2. 358050E+00
2.3562TOE+00
2.355T10E+00
2. 3543 20E+00
2.362610E+00
2. 360840E+00
2. 3491 10E+00
2. 348T40E+DD
2.343TI0E+DO
2.340690E+00
2. 33TH10E+D0
2. 3341 TOE+0D
2.3306TOE+D0
2.3268TOE+0D
2 323080E+00
2.3191590E+00
2. 3184 T0E+Q0
2. 311T10E+00
2. 30TR00E+D0D
Z4.304140E+00
2., 300560E+00
2. 29T 180E+0D
2. Z03820E+00
2. 200650E+00

1. 125860E+00
1.133650E+00
1.13T7550E+00
1.141250E+00
1. 1444TOE+QD
1. 14T220EQD
1.148T10E4Q0Q
1.151380E+00
1.1538TOE+00
1. 166260E+00
i.156150E+00
1.156T10E+00
1,15TOL0E+Q0Q
1.1E5G28QE+00
1. 156690E+00
1.155850E+00
1.154880E+00
1.153TS0E+0D
1.153460E+00
1. 151000E+00
1.148400E+00
1.147T30E+00
1. 146050E+0:0
1. 1442380E+00
1.142680E+00
1.141030E+00
1.130430E+00
1.137950E+D0D
1.138660E+00
1.135280E+00

2.287TB00E+0Q 1.134110E+00

51 Wind Profiles

ThefileWIND.PRO contains asamplewind profilewhichisread by NOVAE. The three columns
are:

Z(km AGL); windspeed(m/s); wind direction(degrees).

0.00 2.73 198.4
0.75 5.61 284.6
1.75 9.66 283.7
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2.Th 13.43 282.4
3.7Th 16. 594 280.72
4.76 15 .44 2T6.5
B.T 21.70 274.3
6.75 23 .80 Ir3.e
rfo 25.89 2T2.7
B.TE 27 .83 272.3
8.75 28.07 Zrd. b
10.756 30.20 Zri.4
11.76 29.432 LT
12.TE 2r.81 2rd.1
13.76 25.Th 272.4
14.76 23.14 Zrl.%a
16. 75 18.7T 274 .1
16.756 16.06 2TE.T
1T.7h 12.893 2T6.8
18.75 10.87T 27T.0
19.75 9.74 rT.e
20.75 B.65 279 .4
21.76 B.2T 2r8.3
22.Th 9.44 XTT.8
23.T6 10.01 2rr.1
24.Th 10,70 271 .4
26.75 11.83 2T1.2
26.Th 13.06 264.7
27.Th 14.06 264 .8
28.TE i5.56 269.9
30.7h 18.02 280.2

5.2 C? Profiles

The file CN2.PRO contains a sample C2 profile which is read by NOVAE. The two columns
are:

Z(km AGL); €2 (m~%%),

0. 001 6.3843-13
0. 002 2.533E-13
0. 004 1.005E-13
0. 006 5.855E-14
0. 008 3.990E-14
0.010 2.963E-14
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0.012
Q.04
0.016
Q.03
0.024
.0z28
0.032
0,036
0.040
0044
0.048
0.052
0.066
G . 080
0.064%
D.0T2
&.080
0.100
0.160
0. 200
0. 250
0. 300
2, 3640
0. 400
0.500
0. 600
0. 800
1.000
1.200
1.4400
1.500
1. 600
1.800
2.000
<. 200
2. 400
2.500
Z.600
2.800
3.000

2_324E~-14
1.B92E-14
1.583E-14
1.1TEE-14
9.221E-16
7.E0BE-15
£.2B4E-15
6.3TOE-15
4 .BETE-15
4.110E-18
3.869E-15
3.289E-16
2_9B80E-16
2.T18E-15
2.4594E-15
2.131E-15
1.862E-16
1.37T5E-16
8.010E-16
E_4EBBE-16
4.053E-16
3.663E-16
3.663E-16
4 .362E-18
B.5D0OE-16
B.66TE-16
4_BB8E-18
3.141E-18
2.191E-18
1.619E-18
1.414E-16
1.24TE-16
9, 923E-17
8,100E-17
68.752E-1T7
5.T26E-17
5.303E-17
4.928E-17
4 294E-17
3.783E-17
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A.200 3, 385E-1T
3,400 3.019E-1T
3.500 2,.88TE-1T7
3.600 2. T2BE-1T
3.800 2.482E-1T
4,000 2, 2TIAE-1T
4.500 1.B8EE-1T
5,000 1.57T3E=-1T
5,500 1.35TE-1T
6. 000 1.193E-17
6.E00 1.066E-17
T.000 9.843E-18
T.500 8.8326E-18
8. 000 B.156E-18
9. 000 T.137E-18
10,000 6.40B8E-18
i1.000 5.BB89E-18
12,004 6.45BE-18
13. 000 E.1309E-18
14,000 4 . BREE-1B
15,000 4.681E-18
16.000 4.514E-18
17 . Q00 4 .37T5E-18
18 . 000 4 259E=-18
168 .500 4. 208E-18
20000 2.612E-18
22.000 1.383E-18
24, D00 T.320E-19
26,000 3.8T6E=19
28,000 2.062E=-19
A0, 000 1.0BBE-1%

5.3 aProfiles

The file ALPHA.PRO contains a sample a profile which is read by NOVAE. The two caluimns
are:
Z{km AGL); Absorption(km™').

3.ao 2.41E-03

.35 2.03E-03

.50 1.TEE-03


sherry.larson
Text Box
35


0.Th 1.60E-03
1.00 1.43E-03
1.50 1.11E-03
2 B.44E-04
2.50 6. 15E-04
3.00 4. B1E-04
3.80 3.81E-04
4.00 2,85E-04
i, 50 2. 03E-O4
5.00 1.46E=04
o.al 1.08E=-04
&.00 T.43E-05
6.560 4 56E-05
T.00 3.28E-0b6
Fi -1 2. 08E-05
8.00 1.0BE-05
8.50 1. 32E=08
. 4. 43E-06
8.50 i.96E-06
10.00 1.2TE-D6
12.50 2. 32E-0F
16 .00 5.04E-0B
1T .EQ 4 43E-08
20,00 2.B3E-08
24 .80 2. 02E-D8
25 .00 1.30E-08
27 . B0 8. 48E-09
S0 .00 Z.TTE=09

5.4 Sample Run

Using these auxiliary datafiles and the second sample datafile, NOVAEO2 .DAT, produces ! i
sample output file NOVAE02.0UT. ere is the sample datafile:

WAL 10.6

VIS 7.

NOVAE

LASI 1.000 5.08E+6 1.1E+0T 10.0 10.0

LAS2 5.0 1.ES 1.39 10.0 5.0

ATV 1.0 1.0 220. 0.00 8.4E-14 -1.07.5 0.
ATV 0.0 0. 1220 0. 0450 1.0 1.0 1.3 3001.0

Jb



AT\VB
TAR

TAR2
CTRL
AVB1
AVB2
AVB3
AVB4

ATML
ATVB
TAR1
TAR2
CTRL
APRO
WPRO
@
CTRL
AvB1
APRO
DONE
END
STCP

0.0 1.9 10,0
4.5 0.0 5.0
30, 30, S0 .
100.0 1. '
0.0 =1.0 0.01
0.8 1.0 B9
1.38 Q.40 Q. b4
2.0 J162. o0

0.0=4 . 496E+00=1 . 368E=01

1.0 1.0 220,
1.0 1.0 16.0
4.5 U4 5.0
a, Ao, 50

100.0 q.
1.0-4.495E+00=~1.3569E-01
1.

100 .0 . 3
g.0 =1.U Q.01

1

]
0

17.5

1.83
0.25

20.0
Q.0
0 .98
§O8 .

0. 0845

4.8681E-03=-4.6819E-04

0.
0,

P

oo

Q.

8.4E-14

T

I.L-I'«.'l

4 .861E-03-4.619E-04

2.0-4.455E+Q0-1 .358E-01 4.8681E-03-4.819E-04

Br.B
L. Rdf
2 .55E-4

=1.07TH

€,

[4E]

# THE FOLLONNG | S ECBAEL SOURCE OONTRCL | NFCRVATI ON YOU CAN SAFELY EEMOVE | T
# SCCS @(#) NOVAEO2.DAT 2.1 02/23/90

Here is the sample output file:

YARNNG - TH'S LI BRARY CONTAI NS TECHNI CAL DATA YHOSE EXPCRT IS RESTR! CTED

BY THE a5 EXPORT CONTROL ACT(TITLE 22, u.s.c., SEC2751 ET SEQ.) OR
EXECQUTI VE CRDER 12470.  vioLATIoN CF THESE EXPORT LAwS ARE SUBJECT TO

SEVERE CRININAL PEHAUI ES.

¥ *
*  ELECTRO-OPTICAL SYSTEHS ¥
* *
* ATNOSPHERIC EFFECTS =+
¥ %
% LI BRARY %

*

+ EOSAELST RV 2.1 02/23/90 ¥

3/

T e
n & O L

L=}
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WAL

SR FA I RN PR PR pAN P ERA T RA R

10.6

NOE THAT THE ABDE GFD ¥AS NODIFIED KR G STENYY TO

VAVL

.1060E+02 . 1060E+02 .0000E+00

BEGNNNG ENDING
VAVENUMBER (CM#x-1) 3.3% 943. 396
\AHB\GH (NICROMETERS)  10.600 10.600
FREQBENDY (GHZ) 28301. 885 28301 885
M3IBUTY
7.00K%

. *

NOVAE $

* *

¢ HIGH-ENERGY LASRBEM ¢
+ ANGFHR C RGN ONCIE ¢

+  NT FRGERVMIOW UE  +

*
¥

+ FOSAELS7 AV 2.1 (212390 ¢
* *

THIFEN TR VEAN NN FIEAT RN RNANE

wanmmerninhnd b mp i ndhndn il |{EI] tdedendnb e e i g bnndd i

PRIGESZEFCR... ... 2.00
CONRD. PARAMETERS
WAVEFORM SEOHER (I0BN) .. ........ .. 2
ENOPTION (IDSLEW) ... ..o, 0
NUNBER @ | NTECRATI ONSTERS | N PHASE | NTEGRAL (WPT) ... ... D
TILT COKTROL QPIQN (IDTLCO) ... . . ... ]
@PTI QN | NTERCTT N @F LINEAR EFFB:IS\{TH BLOONING (mass) 0
CONTINUOUS VAVE & REFET TIVEVW.SE GPTION (IDCWRP) ... ... 1
LATR PARANETERS

LAGR VAVELENGTH (WVLGTH, WICROMETERS) ................. 10.6000
APERTURE DI AHETER (DIAM, METERS) ..........eoevvvennnnns 1.0000
BZR POVER(FOER X LQATTY .. oo EBMEs
NAXINUN BEAHV\ERELIVERABLE(anx KILuums) . L 10GEsT
ENERGY PER PULSE (ENGPUL, KILOJOWLES) ... .......1 DGOGEsL
NAXINUN ENERY [HI VBB EFR RLE

(ENGNAY, KILOJOULES) ................................ .0 [000E;
FLSE FFENTION RYE (PRE, SEG1) ... ... ........ 50000
RUSE DMTI GRTINE(TQ OB ...................... 1.ONE05
BEAM QUALITY (TIMSDL) .. ... 13D
OE I GA HiEl FREQUENCY JITIERAHGLE

(THJH, MICRORADIANS) . . ... 10.0000
OE 3G LOVARERQRLY JITIER ANCLE
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(THIL, MICRORADIANS) .........ovviiiiiiieiiiene, 5.0000
ENVIRONMENTAL PARAMETERS

MAGNI TUDE OF VIND AT REFERENCE HEI GHT (WINDO, M/SEC) ... 10000

REFERENCE HE| GHT (HWINDO, NETERS) ...................... 1.0000
VIND DI RECTI ON (ANGWND, DEGREES) ..........cvveevennen. 220.0000
EXPONENT | N WIND POVER LAW (WNDPOW) .................... .1429
REFRACTI VE I NDEX STRUCTURE CONSTANT

(CNSQO, Mex(=2/3)) ... 8.400E-14
EXPONENT N REFRACTI VE | NDEX STRUCTURE CONSTANT

POVER LAV (CNSQPW)............cooviiieiiiiiiineanas -1.0750
CN2 PROFI LE CPTION (CH2PRO) ..........c.coiiiniiininnnnns .0000
WIND PROFI LE OPTI OV (VINPRO) .....\vvvrecveervinrvrnnnean, .0000
QUANTITY CONBINING SEVERAL ATMOSPHERI C VARI ABLES

(SCRPTS, MEsZfJOULE] ........occoovvveninnannnnn 1.650E-09
ABSORPTI ON COEFFI CIENT (ABSOR, EfEX) ................... 1220
SCATTER NG COEFFICIENT (ABSSCA, HIKR) .................. .0450
SCALE HEI GHT FOR ABSORPTION COEF.(HA XM) ............. 1.0000
SCALE HEI GHT FCR SCATTERING COEF. (HS, KN) ............. 1.0000
APERTURE HEI GHT ABOVE GROUND (HTDEV, METERS) ........... 1.0000
TARCET HETGHT ABOVE GROUND (HTTAR, METERS) ............. 3001. 0000
RANGE F0f LASER TO TARGET(RANGE, XM} ..........coevins 4.5000
DEFOCUSI NG INCREMENT (DRNGFO, KM) ........oevvivennes .0000
RANGE FRZ# TARGET TO PROJECTED | MPACT POINT (RMT, XN) ..  5.0000
X-COORDINATE OF PROJECTED | NPACT POINT (XT, ) ........ 4.0000
Y- COORDI NATE OF PROJECTED IMPACT POINT (YT, ¥M) ........ 1.0000
TRAJECTORY ANGLE (TRAJAN, DEGREES) .........oocovviviens 30.0000
BEARI NG OF TARGET (BEARAN, DEGREES) ...............cn... 30.0000

AHGULAR SLEV RATE {SLUVEL, RAD/SEC) CR SPEED CF
LASER (#/SEC) OR SPEED OF TARGET (N/SEC)

(DEPENDS ON | DSLN OPTION) .......oovneninininnnn. 50. 0000
RADIUS OF CI RCLE FOR EXPRESSI NG AVERAGE | NTENSI TY
(RAV, CENTINETERS) ..\oeeitiiiniiiee e 100. 0000

BREAKDOWN AND VAPCR! ZATI ON PARANETERS

BREAKDGUN CPTI ON (IBRKY ...t 0
AERDSOL TYPE (TAER) ........cooiiriiiiiiiieeeinn, -1
PRINT QPTION (TPRTOP) ...evovvniii e 0
RANGE TO LEADING EDGE OF CLOUD (RNGA, KN) .............. .90
CLOUD LENGTH(LA  METERS) -.vvvvvveivevrnncrinnanrenns 1.00
CLOUD TRANSM TTANCE (TA) ..o, .9900
NUNBER OF PHASE | NTEGRAL STEPS IN CLOUD (NPA) .......... 1
AR TENPERATURE (TATH, K) oo, 17,5000
PRESSURE (PATH, ATH) .......oviiiiiiiiieeieiiie, 9800
RELATIVE HMDITY (RELH, 1 ..o, 87.5000
WASS EXTINCTI ON COEFFI CI ENT (NEC, Bes2ial .............. 1.3800
HASS ABSCRPTI ON CCEFFI CI ENT (MAC, Mes2fd] .............. 4000
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ABSORPTION HEATING FRACTION (FAH) .................eee. 5400
SANDARD DEVIATION OF SIZE DISTRBUTION (S16) .......... 1.9300
BOLING TEKPERATURE (TBOIL, K) .............oceveevnnn. 408.0000
BULK NATERIAL DENSTY (ROA, GifHssd) ... ............ 1.4460
BUK NATERTAL SPECIFIC HEAT (CPA, J/GK) ............... 25000
VIRR SPECIFIC HET (CPV, J/GK) ..., 2.0000
HEAT GF VAFORZATION (LHA, JJ6) ...l 3162.00
EVAFCRATION COEFFICIENT (EPSA) ...................oo ... 0400
VAR DIFFUSON COEFRCIENT (DCA, CHe#2/SEC) ....... ... .2500
VIR GAS CONGIANT (RGA, 116 K) ..o, L0849
AR THFRRAL CONDUCTIVITY (KAIR, W/CNR) ................ 2.550E-04
\AAFCR NOLECULAR UBGHT (NV, G/MOLE) .................... 98,0000
RECONDENSATION OPTION (IRECON) ......................... 0
EXFONENTIAL AFROBI. SALING OPTICN (EXEXSC) ... .. 1
EXACT HE EFRACIENCY FACTCR GPTION (BATAP) ............. 2

EZR TYFE IS REPETITIVE RULE

CALQULATION DCES NIT INCLUDE SRS

EZR FROALE 1S TRUNOATED GAUSSAN

AERCRL TYFE IS DUST/NONVAPCRIZING MATERIALS

NO TILT GINTROL (BEAN WANDER INCLUDED)

LINEAR EFFECTS INCLUDED BEFCRE BLOOMING CALCLLATIONS

D0 NI GEK FOR BREAKWLN

EXFONENTIAL AERORL. EXTINCTION SCALING ASSUMED TH VAPORIZATION MODEL

AFFROXIRATE NIE EFHOENCY FACTCRS USD

NEGLIGIBLE RECCNDENSATION ASSUNED BETUEN RULES

BS = 9716 ROEV = 1.0955E-02QD = 7843

DEF  : O.0404E-02 NOKEG = 5.8576E-02 EQUL =  1.014

DEFALLT VALUES R WATER: 2.1818, ,0722, .83, 5875, 2.139, 1.569
Z K VG AREA
(X IicEee]  (OdCHe) (CH+2)
0000 1.472124E-02  9.305597E-03  3.306454E+03
375000 1.485770E-02 9.391856E-03 3.344767E3
750000 1.5006826-02 9.486118E~03 3.261862E403
1125000 1.516191E-02 .564159E-03  3.239313E+03
150.0000 1,532278E-02  9.685847E-03  3.187193E+03
1875000 1.548054E-02 9.791255E-03  3.135505E+03
4125000 1.6650M4E-02 1.052622E-02  2.834510E+03
637.5000 1.808183E-02 1.142990E-02 9.547063E+03
862.5000 1.985202E-02 1.254887E-02 2.2T1406E+03
8635000 1.966057E-02 1.242785E-02 2.270376E+03
10885000 2. 142313E-02 1.354200E-02  2.046034E+03
13135000 2.399728E-02  1.S16017E~02 1 TAEIME+(n
15385000 2.714392E-02 1.715823E-02 1 BAEMIHN
17635000 3.101528E-02 1.960530E-02 1.356850E+03
19885000 3.58137T4E-02 2.263860E-02 | [AIZFEs
22135000 4 180T4TE-02  2.642736E-02 % EAMTTAL«Y
24385000 4.934759E-02 3.119363E-02  §.309362E+02



2663.5000 5.887954E-02 3.721897E-02 6.919987E+(2
28885000 7.092854E-02 4 483539E-02 5.T13073E+02
3113.5000 8.600856E-02 5.436778E-02 4 689231E+02
3338.5000 1.043505E-01 6.S96208E-02  3.849342E+02
3563.5000 1.252962%-01 7.92024E-02  3.194670E+02
3788.5000 1.463479E-01  9.250953E-02 2.726917E+02
4013.5000 1625927601 1.027782E-01 2.448127E+02
4238.5000 1.682752E-01 1.063702E-01 2.360193E+02
4463.5000 1.608T46E-01 1,016921E-01  2.464040E+02
4500.0000 1,585793E-01 1.002412E-01 2.498947E+02
B N R R e NN R R N A et [T A m i m B R A L DR B I B B R
R PIQN
KEY. 0L = DIFFRACTION-LINITED T = TURBULEMCE | = JITTER B = BLOONING 0 = OPTINUN POUR
0L oT) of + B +0 + BIJO
RAD S @F EXP(-1) BEAR (CH) 4 314E+00 6 J55T=D0 5.015E«Q0 @ BLECeM0  5.015Ee00 E BLEESM
ARA G EXP(-1) BEAR (CN#+2) 5.848E¢01 1 191C#E  7.901Ee01 2 4BGI=0T T BOLLDL 2 495002
TINE AVERAE OF SPATI AL PEAK | NTENBI TY
(KW/CRe22) 6.776E01 1807&0L 5015601 1.586E-0t1 5. 015E01 1.586E-01
TINE AVERAE G SPATI AL AVERACE INTENSITY
OB QRLE @ EXp(-1) RO LB
{Kv/Chx%2) 4283501 1.14%8-01 3170601 1.002E-01 3.170E-01 1.002E-01
TIRE AVERNE (F SPATI AL AVERACE INTENSITY
OB O RILEOF SPEQ A BD RADI LB RAV
LT BTl 1261E03 1.261E-03 1. 261E-03 1.261E-03 1.261E03 1.261E-03
FLUENE {XJ/CH¥#2) 135501 3.614E-02 100301 3.172E-02 1003&01 3.172E-02
PEAK INTENSITY PER PULSE [FM/rass1) 1.355E¢01 3 BLAEWR0  1.003E+01 3 ITIEWID 1.003E+Q1 5 1TIE#ED
OPTINUN ENERGY PER PULSE (KJOULE)
1.000E+01 1 GGaE=l
FRACTION @F INITIAL WUER PROPAGATED TO RANGE OF INTEREST = 7. 9256E- 01
PHICON = 1 AETGC-A
ZET1 ALPABS APEXT BETA XB HZ S8 AFD BZELIB
(m) [N (1) (1L A]
TN NIRRT R RN R R A N R R R F RN RN PR AN NERT RN PR ENEEEETEAEE
.00 , 12200 .16700 1.0000 01 (EANE =(x) 1.0000 1.0000 01 BOE =D 1.00¢0
.04 -11899 , 16288 , 99391 33513 1.0000 1.0000 0. D30E=() .993¢1
.08 , 11605 , 15886 , 98801 , 54995 1.0109 1.0000 0. JE=() .988(1
Al 11318 , 15493 .98228 , 15671 1.0182 1.0000 0.00000E+00 .98228
.15 11039 1511 , 97673 .96063 1.02%4 1.0000 0. (0E=() .97613
.19 .10766 14738 , 97135 1.1618 1.0329 1.0000 1. DGI0CE30 , 97135
A1 9.26678E-02 12685 , 94402 2.3164 1. 0404 1.0000 {1 ODOGE-30 .94402
64 7.97599E-02  .10918 9211 3.2126 1.0834 1.0000 0.00000E+00 ,92111
.86  6.86500E-02  9.39717E-02 , 90184 3. 6862 11311 1,000 0. AEAE=N) 90184
.86 1.6417 10. 144 ,89274 3.7005 1.1556 1.0000 0. P)AE=(Y) .8927¢
1.09  5.90482E-02  8.08283E-02 , 87665 6. 8291 1.1563 1.0000 0. DOE=() .87665
131 5.08233E-02  6.95696E-02 , 86303 6. 8291 1311 1.0000 1. (R{E={) .86303
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154 4. 37440E-02 593791E-02 85148 6.8291 13511 LR L

) 0GIE= 5148
176  376508E-02 5.15384E-02 84167 6.8291 1.3511 L DOaE 0 D003E00 E4147
1.99  3.24063E-02  4.43595E-02 .83331 6.8291 1.3511 1. (00 GROE+DS ek
221  278924E-02  3.81806E-02 .82618 6.8291 1.3511 1. W00 0. SODAE-DD AL
24 240072E-02 3.28623E-02 82009 6.8291 1.3511 1000 01 DOO0ER 1%M
266 206632E-02 2.82840E-02  .81489 6.8291 1.3511 1. 008 0 [OOGEEs0a Bidas
289  177850E-02  2.43450E-02 81044 6.8291 1.3511 1 b 1. 00300 LT
311  1.53077E-02  2.09539E-02 .80663 6.8291 1.3511 | . Goad ] DA0CE B36EY
334 1317H4E-02  1.80352E-02 ,80336 6.8291 1.3511 1. 380 (OCEHD 1335
356 113402E-02 1.55231E-02 .80056 6.8291 1.3511 10000 ) ROS0E =) L
3.79 9.76060E-03  1.33608E-02 ,19816 6.8291 1.3511 1. 800 0, f0o0t Takjd
401 840103E-03 1.1499¢E-02 79609 6.8291 1.3511 1. 003 0. ENmE=m TH0E
424  723083E-03  9.89795E-03 79432 6.8291 13511 | O 1 D0000E00 [l N
446  6.22364E-03  8.51924E-03 ,79280 6.8291 1.3511 1. 3 DoO0aE00 TR
450 6.07402E-03  8.31444E-03 ,79256 6.8291 1.3511 ] B OR000E+ 00 71286

VOL EXT. G = 1.0050E-02

VOL ABS G = 2.9131E-03

NASS CONC = 7283.

MASS CL = 7283.

NASS CPTICAL OHFH = 1.0050E-02

NORM.D RANGE = 1917

tespRaA e R s ED [ CEE

B LT R L L L R R e L LR L LR L]

xrxeprerksrsopexeeskenkersxess [T S enanaRiekeEarRResr$ARRREAREES

PARTICLE SZE FACTCR. .......... 200
CONRL PARMNETERS
WAVEFORN SFECIRER (IDBY) ..o, 4
SLEW QPION (IOSLEW) ... oo 0
NUNBER OF INTEGRATION STEFS N RAE INTEGRL (WPT) .......... 2
TILT GONIRL OPTION (IDTLCOY ... oo, 0
CPIONAL INTERACTION OF LINEAR EFFECTS VITH BLOONING (IDRSS) . 0
CONTINUOUS UAVE OR REFETITIVE RLSE CPICN (IDCWRP) ... ... 1
LATR PRVETES

LASER WAVELENGTH (WVLGTH, NICROMETERS) ................. 10.6000
APERTURE DIAMETER (D24, METED) ....................... 1.0000
BEAN FO/R (POVER, KILOVATTY . oo, G B0
MAXIMUM BEAN POWER DELIVERABLE {POWMAX, KILOWATIS) ..... 1 LMEsiT
BFGY AR RLSE (ENGPUL, KILOJOULES) ................. ! SONESO1
NAXIHUK ENERGY DELIVERABLE PER PULSE

(ENGHAX, KILOJOULES) .. ... oo, | B0BE=0L
RLE REFETITION RNE (PRF, SEC) ... \ovovvee . 50000
PULSE DRSO TIHE (TO, SONDS ..o, 1.000E-0
BEAM QUALITY (TIMSDL) ... ... ... i, 1.3900
ONE SIGKA HIGH FREQUENCY JTTER A\GE

(THIH, NICRORADIANS) ... .. . .. 10..0000

ONE SIGNA LOU FREQUENCY JTTER ANGLE
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(THIL + NICRORADIANS) ............oooeereeiinnnss,
ENVI RONVENTAL PARANETERS

MAGNITUDE CF U ND AT REFERENCE HEI GHT (WINDO, N/SEC) ...
REFERENCE HEI GHT (wINDO, METERS) ... ... ... ... ..
WIND DI RECTI ON (ANGWND, DEGREES)
EXPONENT | N WIND POVER LAU (WNDPOW)
REFRACTI VE | NDEX STRUCTURE CONSTANT

(CNSQO, Wex(-2/3)) .. . .
EXPONENT | N REFRACTIVE | N]EX STRLCTLRE (I]\STANT

POVER LAW (CNSQPW) . ... ... ... ... ................
O\2 PRCFI LE CPTI QN (CN2PRO)
U ND PROFI LE CPTI QN (WIKPRO) .
QUANTITY OCMBI N NG SEVERAL ATMOSPHER C VAR ABLES

(SORPTS, MWssmfimunizl ... .. ...
ABSCRPTI ONCCEFFI CLENT (ABSOR, tfedl ... ... ... ...
SCATTER NG OCEFFI O ENT (ABSSCA, 1/kKY ... .. ...... ..
SCALE HEI GHT FOR ABSCRPTIQNCOEF. (HA, b#1 .. .. ...
SCALE HEIGHT FCR SCATTER NG COEF. (HS, KN) ..
APERTURE HEl GHT ABOVE GROUND( HTDEV, METERS)
TARGET HEl GHT ABOVE GROUND (HTTAR, METERS)
RANGE FROM LASER TO TARGET(RANGE, kM)
DEFOCUSING INCRENENT (DRNGED, XK) ... ... ...
RANGE FROM TARGET TO PROJECTED | HPACT POINT (RNT, KN) ..
X- COCRDI NATE. CF PROJECTED | MPACT POINT(XT,  KN)
Y- OOCRDI NATE CF PROJECTED INPACT POINT (YT, KN)
TRAJECTCRY ANGLE TRUAN  DEGREES)
BEAR NG (F TARCET (BEARAN, DEGEES) o
ANGULAR SLEW RATE (SLUVEL, RAD/SEC) R SPEED Of

LASER (#/SEC) R SPEED GF TARGET (M/SEC)

(DEPENDS QN IDSLRUCPTION .. .
RADI US CF O RCLE FCR EXPRESS! NG AVERAGE | NTENSI TY

(RA, CENTINETERS) . .. ... ...

BREAKDWN AND VAPCR ZATI ONPARAVETERS

BREAXDOWN CPTICN (IBRK) ... .

AEROSCL TYPE (IAER)

PRNTCPTIONIPRTCD) ...
RANGE TO LEADNGEDGE OF CLAD(RNGA, ¥M) ...
QLODLENGTHLA METERY ..o
CLOD TRANSHTTANCE (TA) ..o
NUMBER (F PHASE | NTEGRAL STEPS IN CLOUD (NPA)
AR TENPERATURE (TATM, %) ... . .. ... ...
PRESSURE(PATH ATH) ........
RELATI VE HUMIDITY (RELH, T1 ....... ....................
NASS EXTIHCTI ONCCEFFI QL ENT (MEC, Mes2ii) ... ...
NASS ABSCRPTI ON OCEFFI O ENT (MAC, Ees2ial ... .

1.0000
1..0000
220.0000
1429

.. 8.400E-14

. 1.650E-09

1220
0450
1.0000
1..0000
1.0000
3001. 0000
4.5000

17.5000
9800
87. 5000
1.3800
4000
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ABSTRPTI ONHEATINGFRRCITON (FRH) .o .5400

STADFD IR AT ONG S ZE DSRBNON(SIG) ... 1.9300
BOLI NG TEVFERNURE(TBOL, K) ........................ 408.0000
BUK NATERIAL CENSTY (RO, GUcEesd] ... ... ... ... 1. 4460
BIK RATERIAL SFEQA CHET (CPA, JIGK) ............... 2.5000
VIR SEOACHEAT(QPY, JIGK) ... ... 2.0000
HET @ \PRORZATI ON (LKA, 3/6) ..o 3162.00
EVARCRATT ON GEFF G ENT (EPSA) ... .. oo .0M00
\ARR [ FRLS QN CCEFF GLENT (DCA, CN#2/SEC) ... .. , 2500
\ARR G'S COBTANT (RGA, 3/G K) ..o, , 0849
AR THERL CONDUCTIVITY (KAIR, W/CNK) ........... ... 2.550E-04
\ATOR MOLECULAR \BGT (MY, G/NOLE) . ... .............. 98.0000
RECONDENSATION QPTION (IRECON) ... ... ................. 0
EXPONENTI AL AEROSCL SCALI NG OPTI ON (EXEXSC) ... ... . 1
BeT HE B GENY ROR PTION(DAAD) ... 2

BEAN TYFE IS REPETI TIVERLSE

CLAIATONDES  INZUESRS

DOES NOT | NILLLE BREAXDOWN AD EXTTNCTT N ATTENATI ON | N ENERGY (R FOER PESED TO SRS ROUTT NE
TS CLALATONIS VBRI VL

BEAM FROA LEIS UNIFORY 0 ROLLAR 10 FERENT (BSTRNT ON

AREBD TYE |S DUST/NONVAPORIZING HNTER ALS

MO TILT GNRQ (EER \ANIR | NLUED)

LI NEAR EFFECTS | INCLLED EEFRE BLOOKING CLLLATI O

D NT GEK FR BFEYIDN

EKFONNTT AL ARRCS). EXT1 NCT NSO NG ASSLHED | N \ARGR ZAT1 QN MODEL
AFFRO(HTEH E BFR 0 BNDY FACTRS LSD

NI G BLE RECONIENGAT] QN ASSLHD BETVEEN RLES

BS : 0715 RBV = 1.005E-000D : 7843

OF = 9.9404-02 NONEQ : §.8576E-02 EQUIL = 1014

CEFAUT \ALLES FOR \ATER 2. 1818,.0722, .83, , 5875,2. 139, 1. 569

Z R AG AREA
4) [ Ts P TN CReRT) Eeul]
0000 1.870761E-02 1.182546E-02 I ETITIFEs

37.5000 1.898287E-02 1.199946E~02 2.628525E+03
75.0000 1.926542E-02 1.217807E-02 2 EEATHAI«I
112.5000 1.955546E-02 1.236140E-02 2.541375E+03
10 o0 1.9853166-02 1 24950E(02  2.498413E+03
187.5000 2.015877E-02 1.274277E-02 2.455864E+03
412.5000 2.218104E-02  1.402109E-02 2.209505E+03
637.5000 ?2.454092E-02 1.551282E-02 1.979159E+03
862.5000 2.723969E-02 1.721877E-02 1.768824E+03
863.5000 2.697970E-02 1.705443E-02 1.767947E+03
1088.5000 2.976434E-02 1.881465E-02 SRIOTTE=0D
13135000 3.108707E-02  1.965078E-02 SLISTEE+0
1538.5000 2.200889E-02 1.391227E-02  2.125472E+03
1763.5000 1.920013E-02 1.213680E-02  2.423577E+03
19885000 1.621720E-02 1.025122E-02 2.855613E+03

44


sherry.larson
Text Box
44


2213.5000 1.343950E-02  8.495442E-03  3.430701E+03
2438.5000 1.104743F-02 6.983307E-03  4.156791E+03
2663.5000 9.076296E-03 5.7373M4E-03  5.040782E+03
2888.5000 7.488451E-03 4. 733604E-03 6,088654E+03
3113.5000 6.221117E-03  3.932497E-03  7.305608E+03
3338.5000 5.210694E-03 3. 293787E-03 8.696263E+03
3563.5000 4.402032€-03 2. 782615E-03 1.026501E+04
3788.5000 3.750669E-03 2.37087TSE-03  1.201599E+04
4013.5000 3.221929E-03  2.036648E-03  1.395312E+04
4238.5000 2.789178E-03 1.763097E-03 1.607999E04
4463.5000 2.432032%03 1.537338E-03  1.839999E+04
N RAUAN CNERSI N Z = 4 50~
4500.0000 2.380088E-03 1.504503E-03 1.8794T6E+04

kkkkkihkk (T #
RP (PTTON
KEY: [L = DIFFRACTION-LINITED T = TURBULEMCE | = JITTER B = BLOONING 0 = OPTINUK PO/R
0 + 0 +B * Bl +0 * BIJO

RAD US (F EXP{-1) BEAM (CN) S.08LE-0 T TIEeGL  5.ONSE=B0 T TESEROL 5.145E400 T TESEeL
AREA OF EXP(-1) BEAN [[M=s7) 8.272E+01 [ ATEESDL  8.315E«01 1 A7GI=[4 8 .315Es01 1 .A7HIsIM
TINE AVERNE (F SPATI AL PEAK INTENSITY

(W cHes]) 5.408E-01 2.381E-03 5.380E01 2.380E-03 5.380E-01 2.380E-03
TILE AVBRNE G SPATI AL AERNE INTENSITY

OB QRLE @ EXp(-1) RO B

| ENf ] 3.418E-01 1.505E-03 3.401E-01 1,505E-03 3.401E-01 1.505E-03
TILE AVBRNE @ SPATIAL AVERNE | NTENB TY

OMR QRLE 0 SPEO A BD RAD LS Ay

(KW/CH#x2) 1.424E-03 1.186E-03 1.424E-03 1.156E-03 1.424E03 1.1S6E-03
ALUBNE (11/cas1) 1.0826-01 4.762E-04 1.076E0L 4.760E-04 1.076E01 4.760E-04
PEAK | NTENSI TY PER PLLSE (Mw/CH+2) 1.082E+01 4.762E-02 1.0T6E+01 4.760E-02 1 07AE«DL  4.760E-02
7T ENERGY PER PULSE (KJOULE)

1.000E+01  1.300L+0
FRACTION @7 INTI AL POWER PROPAGATED TO RNE (F | NTEREST = 8.9466E-01
PHICON = 3 EAAEEsIS
ZEN ALPABS ALPEXT BZETA XB HBZ B ALPBD BZETAB

(i) [1/E0) (1/Em) (1)
. 111647602  5.61647TE-02 1.0000 0.00000E+00 1.0000 1.0000 {1 (E =i 1.000)
.04 111268E02 55015802 ,997% 17642702 1.0000 1.0000 0 O00ESRD 99794
.08 110892E-02 5 38945602 99592 3.54870E-02 1.0003 1.0000 01 o0Eei0 .99592
A1 110518E-02  5.28002E-02 99395 5.35386E-02 10007 1.0000 0 mat=pd 99395
.15 110145602 5.17322E-02 .99203 7.18035E-02  1.0010 1. 0000 0.00000E+00 .99203
.19 109774E02  5.06898E-02 .99014 9.02877E-02  1.0014 1.0000 0. (=) .99014
A1 LO750E02  4.49397E- 02 , 98018 . 20650 1.0017 1.0000 01 D0 =) .98014
.64 1.05470E-02  3.99666E-02 , 97141 . 26414 1.0040 1.0000 (0.00000E+00 , 9714
.86 1.03412E-02  3.56629E-02 .96364 . 26414 1.0051 1.0000 0. (0= (0 .9636+4




AL 1 BAM 13 086 B M 10051 1.0 & R00SE400 man
L8 LDV 3 19HeE-I0 T L] 1.0 1.0048) b (MO0E 201 T
1.1 §usEE-01 D MASEE- BI85 N | D& 10600 0, OE =0 B85
.54 ©L.THEMEQY 1.5MIE-T e N 10061 15003 0. [OM00ED0 W
176 BEMSME-G0 3 MGME-R) e AL 1.0051 L. 00% 0 (OO{IE- 0 e
1.9 98N 7 IHMNE- L P Fi 14 1. 0068 1] 1 DS00GF+00 i
LI 0MNE-D ) 60E-R L el Fio bl 1. 0051 10300 B 00O00E3D w21
T DONGEEE] | TOBME-T LY = L. 651 10000 b, OOGG0E-30 CHLLL
16 BEmED] | BHGIE-T W53 Fi i L0051 1.00m [ 0O00E =30 9150
1B BTHME-D | SRIsE-M VIR i | [a& 10600 01, SOOMOE =Dl aiLke
11  RSEERE-0) | D9SE-T) LIEL N 10081 1.0008 0. E00M0E=[0 HatE
1H  BAMME-0 1.TIGASE-N WETT T 1.0861 1.000¢ 0. DO00E=[d 05T
156 B.75MERE-NE 1. 0N40SE-(0 A ML 1.005L 1.203¢ 0 000GE-N L EALY
7 BOADABSE-EY 1. ITIME=DE 0k Wil 1.0061 1 030 {1 (000 E0E ik
£01 T PGEEEST 1 JDGADE-IR sl Fuo bt 1. 2060 L.00%0 T DG0SEHR Bl
AW T EDERED | OTE-00 86T30 L 18050 10000 2 DOONEHE nm
446 T BAITE-1 9 SMAE- LR p.ET] L. DSy 10000 0. DOOME-} LRk
450  T7.66246E-03  9.90288E-03 .89466 .26414 1.0051 1.0000 01 SOHE =00 .89466
YOL EXT. G = 1.0050E-02
VOL ABS QCHF = 2.9131E-03
NASS CONC = 7283,

REES CL = 7283
KASS OPTICAL DEPTH = 1 GADE-S2
NORM.D BNGE = .1917
BB A 408 b B b R R EN] 7 DD 7 S0 b ik kR R R B R
T e T u
PARTICLE SZE FACTCR. ... ... .. 2.00

WAVEFORN SPECIAER (1DBN)
SEV CPTION (IDSLEN)

TILT GNIRL OPTICN (1DTLC0)

NUNBER OF INTEGRATION STEPS IN PHASE INTEGRAL (NPT) ......

OPTIONAL INTERACTION OF LINEAR EFFECTS VITH BLOMN1EI (DRSS} . O

QONTNUCUS YAE OR REFETITIVE RALE CPTION (DCYRP) ... 0
LASR PARAMETERS

LASER WAVELENGTH (WVLGTH, NICROMETERS) ................. 10.6000
APERILRE DIAIETER (DIAN, NETERS) ...........covvniienn, 1.0000
BEAN FOARR {POVER, KILOVATIS) .............ccoiiinnnt, & &0E=06
NAXTHUN BEAM POVER DELIVERABLE {POWKAX, KILOWATTS) ... 1. Ha0E=0T
ENERGY FER RULSE (EWGPUL, XILOJOULES) ..................0 . [43EsL
EART®CE ENERGY DELIVERABLE PER PULSE

(ENGRAX, XKILOJQULES) ........ ... ..., 1001
RLSE REFETITION RATE (PRF, EC-D) ... oo, 5.0000
RULE DURSTION TINE (TO, EOONDG - 1.000E-05
BEAM QUALITY(TINSBL) ..., 13900



ONE SI GHA H GH FREQUENCY JI TTER ANGLE

(THIH, MICRORADIANS) ..........cooviiiiiiiiinnnee, 10. 0000
ONE SIGNA LOV FREQUENCY JI TTER ANGLE
(THIL, NICRORADIANS) .........ccooiieiiiiiiiinnen, 5.0000

ENVIRONNENTAL PARANETERS

MAGNITUDE OF WIND AT REFERENCE HEI GHT (VINDO, W/SEC) ...  1.0000

REFERENCE HEI GHT (HWINDO, KETERS) .............ccvnen... 1.0000
VIND DIRECTION( ANGND, DEGREES) .............cocovvnnnn 281.8478
EXPONENT |N VIND POVER LAV (WNDPOW) .................... 1429
REFRACTI VE | NDEX STRUCTURE CONSTANT

(ONSQO, N+ {(-2/3)) ... ... .. .. B ABGE-14
EXPONENT [N REFRACTI VE | NDEX STRUCTURE CONSTANT

POWER LAY (CNSQPH) ........oooiieieniieeiiieinnnn. -1.0750
CN2 PROFILE CPTION (CN2PRO) ........ccooiviiniiiiniiinnnns. 1.0000
VIND PROFILE CPTION (WINPRO) ..\..ovvereineieaeeevriaee e, 1.0000
QUANTITY CONBINING SEVERAL ATNOSPHERIC VAR ABLES

(SORPTS, BRs3fJOULE] ......0oeeseiiieeeianeeiinnn. 1.650E-09
ABSCRPTI ON CCEFFI CI ENT (ABSGR, 1/kM) ................... 1220
SCATTERI NG COEFFI CI ENT (ABSSCA, fJER] .................. .0450
SCALE HEI GHT FCR ABSORPTION COEF. (HA ¥M) ............. 1.0000
SCALE HEI GHT FOR SCATTERI NG CCEF. (HS, EX) ............. 1.0000
APERTURE HEI GHT ABOVE GROUND HTDEV, METERS) ........... 1.0000
TARGET HE| GHT ABOVE GROUND (HTTAR, METERS) ............. 3001. 0000
RANGE FROM LASER TO TARGET(RANGE, KM) ..........ccee... 4,5000
DEFOCUSING TNCRENENT (DRNGFO, KN) ...................... .0000
RANGE 7 TARGET TO PROJECTED | HPACT POINT (RNT, KN) ..  5.0000
X- COORDI NATE OF PROJECTED INPACT POINT(XT, K1 ........ 4,0000
Y- COCRDI NATE OF PROJECTED | HPACT POINT (YT, XN) ........ 1.0000
TRAJECTCRY ANGLE (TRAJAN, DECREES) .............cevvins .0000
BEARI NG OF TARGET (BEARAN, DEGREES) .................... 30.0000

ANGULAR SLEW RATE ( SLVEL, RAD/SEC) OR SPEED CF

LASER (M/SEC) OR SPEED OF TARGET (N/SEC)

(DEPENDS 01 IDSLEV OPTION) .........oovvverierceennn, 50. 0000
RADIUS CF CI RCLE FCR EXPRESSING AVERAGE | NTENSI TY

(RAV, CENTINETERS) ..........ooovviiniiiiiniiinn, 100. 0000
BREAKDOWN AND VAPCRI ZATI ON PARAHETEE

BREAKDOWN CPTION (IBRK) ...\vviinieieiiere s 0
AEROSCL TYPE (TAER) ....ooovimins i 1
PRINT QPTION(IPRTOP) ~.ovvvvres e 0
RANGE TO LEADING EDGE OF CLOUD (RNGA, KNI .............. .90
CLOUD LENGTH(LA  NETERS) .........coovevvirvinrnninn. 1.00
CLOUD TRANSHITTANCE (TA) .........cocoeiiniineiinnnnn. .9900
NUHBER CF PHASE | NTEGRAL STEPS IN CLOUD (NPA) .......... 1
AR TENPERATURE (TATN, K) _.............cooiiiininn.n. 17.5000

PRESSURE (PATH, ATH} .......coiiiiiiiiiiiiiiiine .9800



RELATIVE HUNIDITY (RELH, 3} ......................... ... 87.5000

mL53 EXTINCTION COEFFICIENT (NEC, Bes2fd) ... . ....... 13800
4SS ABSORPTION COEFFICIENT (MWAC, Bew2fl ........... .. 4000
ABSORPTION HEATING FRACTION (FAH) ...................... 5400
STANDARD DEVIATION GF SIZE DISTRBUTION (SIG) ..........  1.9300
BOILING TENPERATURE (TBOIL, K) ...............ccooooo. 408.0000
BUK MATERAL DENSTY (10, GfCResd) ... 1.4460
BULK NATERIAL SPECIFIC HEET (CPA, J/G K) ............... 25000
VAPOR SPECIFIC HEAT (CPV, /6 K) ...................... 20000
HET OF VARCRZATION (LHA, J/G) ..., 3162.00
EVAPORATION COEFHCIENT (EPSK) . .....................  .0400
IR DIFFUSON COEFROIENT (DCA, iMse2/SE) ...........  .2500
\IRR G'S CONSANT (RGA, J/GX) ..., 0849
AR THERMAL CONDUCTIVIN (KATR, W/ K) ............... . 2. 550E-04
\PRER NOLECULAR YEIGHT (NV, G/NOLE) .................... 98,0000
RECONDENGATION CPTION (TRECON) ... oo 0
EXFONENTIAL ABRCRL. SCALING CPTION (BXEXSD) ... ... 1
EXCT 11E EFACIENCY FACTCR CPICN (DATAP) ... . 3

BEAM TYFE IS GONTINUOUS YAVE
CALAULATICN DS INQLUDE 5
DS NI INCLUDE BREAKDOWN AND EXTINCTION ATIENUATION N BNRGY OR RYER PASED D SRS RUTNE
SRS CALQULATICN 1S VIBRATIONAL
BEAU FROALE IS UNTFORN GROUAR
ARCE). TYFE |S DUST/NONVAPORIZING NATERIALS
NO TILT GONTROL (AU WANDER INCLUDED)
LINEAR EFFECTS NQUDED BEFCORE BLOCNING CALALLATIONS
DO NI CHECK FR BREAXDOWN
EXFONENTIAL ABRCEL. EXTINCTION SCALING ASSUNED IN' VAPORIZATION MODEL
CALL AGAUS O GALQUATE UIE EFHOENCY FACTORS
NEGLIGBLE RECONDENSATION ASSUMED BETWEEN RULSES
WONVARCRANG NATERIALS IN CLOUD.
N0 QAL D AGAUS NEESARY.
BS = 9715 ROEV = 1.0955E-02CND = 7843
DFF = 9.0404E-02 NONEQ = 5.8576E-02 EQUIL = 1.014
CHAUT VALUES FER YATER 2.1818, .0722, .83, 5875, 2.139, 1.569
Z= .0 ALPHA= 2.40999E-06
z 2K AVG AREA
(N (KN/CM=x2)  [HMfHesd) (CN+2)
0000 1.293612E+03 B ITTIEEIS[2  3.926990E+03
{= 2.50000E-02 ALPHA= 2.37199E-06
375000 5 BSISUTIANT  3.763600E+02 8.517396E+03
= 5.00000E-02 ALRHA- 2.33400E-06
750000 3.498149E+02 2.211252E+02 1.447227E+04
= 7.50000E-02 ALPHA- 2.29600E-06
1125000 2.339040E+02 1.478556E+02 2. 160828E+04
2= .1 ALPHA= 2.25T99E-06
150.0000 HIE=0D [ O7IRR0ET  2.976466E+04

]



Ir 125 ALPHA= 2.22000E-06

1875000 1 ZREEIES(R B MACWEOL  3.880006E+04
I= .275 ALPHA= 2.00500E-06

412.5000 4.732026E+01 I PALTIIT=0L  1.056068E+05
7= .425 ALPHA= 1 85500E-06

6375000 2.690626E+01 I TIORIMESOL  1.844293E405
I= 574999 ALPHA= 1.72600E-06

8625000 1 AMITILE«AL 1 LBOTTOESDL  2.685924E+405
I= 575666 ALPHA= 1,72552E-06

8635000 1.024839Es01 fi ATETISI=00  4.764396E+05
I= 725666 ALPHA= 1.61751E-06

1083,5000 3.296978E-03  2.084088E-03 1.473198E+09
1= 875666 ALPHA= 1.51454E-06

1313.5000  3.2704T4E-03  2.0673ME-03 1 478387E+09
Z= 1.0257 ALPHA= 141357E-06

15385000 3.24778SE-03  2.052992E-03  1.482844E+09
Z= 11757 ALPHA= 1.31757E-06

17635000 3.229616E-03  2.041507E-03 1 486092E+09
2= 1.3257 ALPHA= 1.22157E-06

1988.5000 3.214501E-03 2.031952E-03  1.488661E+09
7= 14757 ALPHA= 1.12557E-06

22135000 3.201994E-03  2.024046E-03 [ ARIG4IE<I0
7= 1.6257 ALPHA= 104314E-06

24385000 3.191618E-03  2.017488E-03  1.492162E+09
7= 17757 ALPHA= 9.63345E-07

26635000 3.182043E-03  2.012004E-03  1.493341E+09
1= 19257 ALPHA- 8.83545E-07

28885000 3.1TS617E-03 2,007373E-03  1.494282E409
1= 2.0757 ALPHA= 8.09950E-07

3113.5000 3.169348E-03  2.003410E-03  1.495064E+09
1= 22257 ALPHA= 7.42450E-07

33385000 3.163912E-03 1.999974E-03  1.495T46E+09
1= 2.3757 ALPHA= 6.74950E-07

35635000 3.159144E-03 1.996960E-03 1.496367E+09
7= 25257 ALPHA- 6.11915E-07

37885000 3.154912E-03 1.994285E-03 1.496955E+09
Z= 26757 ALPHA= 5.70515E-07

40W.5000 3.151105E-03 1.991878E-03 1.497527E+09
1= 2.8257 ALPHA= 5.29115E-07

42385000 3.147649E-03 1.989694E-03 1.498093E+09
1= 2.9757 ALPHA= 487715E-07

44635000 3.144487E-03  1.987695E-03 1.498661E+09
1= 3.0 ALPHA= 4.81000E-07
NO RAMAN COMWERIIN Z = 4 EiE=(d

4500.0000 3.143981E-03 1.987375E-03  1.498753E+09

(IRL RN RN RERL LR RERLILEEY RESLERS PR PERNIRRY TR ERN PR NTY ['_T:'_!T LEA e d e LR L e AR LR LR L R L AL RERIRRdRERREN TR

OV CPICN
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KEY: DL = DIFFRACTION-LIKITED T : TURBUENE J = JTTER B = BLOOKING 0 = OPTINUN ROAR

RADIUS OF EX~(- IBEAN (CN)
AREA OF EXP(=1) BEAN (443

TINE AVERAGE OF SPATIAL K INTENSTY

[TRrEReal]
TINE AVERGE 0F SPATIAL AVERACE INTENGITY
O/R CQROLE OF EXP(-1) RADUS
(T LOh|

TINE AVERAGE GF SPATIAL AVERACE INTENSITY

OVER ORCLE OF SPECIHED RADIUS Ed¥

(XW/CH+%2)

G6E-03 3.147E-03  2.986E-02

OPTINUN MR AT AFERTURE (kW)
1.011E+03 | [EaTaid

1.976E-01

DL +TJ 1 8

R R R e S e e b e e e e e e R ) AT TS TR O

{OAIESD0 7.729E<01  2.213E04

6.090E+01 [ A7

7.738E404 211

4.891E+04 1.587E+02 1.937E-03

1.500E+02 1 210

FRACTION OF INITIAL ROWR FROPAGATED O RANGE OF INTEREST = 9.27S7E-01

PHICON = 3.3700E+06

ZETl
LIn]

.00
04
.08
11
.15
19
41
64
.86
.86
1.09
131
1.54
1.76
1.99
221
2.44
2.66
2.89
311
3.34
3.56
3.79
4.01
4.24

ALPABS

2.41000E-03
2.37200E-03
2.33400E-03
2.29600E-03
2.25800E-03
2.22000E-03
2.00500E~03
1.85500E-03
1.72600E-03
1.5748
1.61752E-03
1.51455E-03
1.41357E-03
1.31757€-03
1.22157E-03
1.12557E-03
1.04315E-03
9.63345E-04
8.83545E-04
8.09950E-04
T.42450E-04
6.74950E-04
6.11916E-04
5.70516E-04
5.29116E-04

AT

4. T4100E-02
4.62609E-02
4 .51393E-02
4 40445E-02
4.29757E-02
4. 19324E-02
3.61857E-02
3. 12746602
2. T047TE~02
10.077
2.33976E-02
2.02608E-02
1.7548TE-02
1.52052E-02
1.3174TE-02
1. 14138E-02
9.89827E-03
8.58502E-03
7 .44358E-03
6.45622E-03
5.60224E-03
4 85781E-03
4. 21214E-03
3.66926E-03
3.16623E-03

BATA

1.0000
.99827
,99658
,99493
,99333
99177
,98373
.97683
,97090
96117
95612
95177
,94802
9UT9
,94199
,93957
93748
93567
.934t1
93275
.93158
,93056
,92968
192891
,92824

pt:

0.00000E+00
326.97
640.09
940.25
1228.2
1504.7
2959.8
4156.0
5179.4
7095.4
4.27685E+05
4 28481E+05
4 .29200E+05
4.29858E+05
4. 30466E+05
4.31033E+05
4. 3156TE+05
4 .32079E+05
4 32576E+05
4.33063E+05
4.33549E405
§ MG
4. 34530E+05
4 .35019E+05
4 35443E405

* BTJ o0 + BID

LBAEsCd O BASESEO  § 4SBESLDZ

Tefd 1.538E409 1 AGSELD0 2.480E«02 M TEEESM

[=l2 3064E-03 3.144E-03 J.TEXI=0i  2.470E-01

1.987E-03 I FMIE«[G  1.562E-01

2 3.0
HZ J8D ARD B/ETAB
L1/ER

1.0000 1.0000 OHE=  1.0300
1.0000 1.0000 0. S0E=20 .99327
23.033 1.0000 1 1] Lt
70.790 1.0000 01 GRE=M .99493
141.05 1.0000 . GO0 .99333
230.99 1.0000 L £efd) ,9977
338.11 1.0000 O SHOE=(0) 980738
1236.9 1.0000 0 [XE0E=0) HELd
23975 1.0000 0 S0HOE=E0 .97090
3692.6 1.0000 0 SOH0E=(D .96117
6866.5 1.0000 0. =0 .95€12
2.43378E407 1.0000 0.00000E+00 95177
1 HIESESDT 1.0000 01 SEH0E=(i .94802
2 ABIEENT - 1.0000 0 S00O0E=0D 94479
1 ASESTESDT  1.0000 i 1 194199
2.46553E+07  1.0000 0. HHOE=00 ,93957
2.47203E407  1.0000 1. WEHOE =00 93718
2.4T816E407  1.0000 ). BONROERDO .93637
PR 1.0000 0 SR 93411
3. AETSE={T 1.0000 {1 PRE=D .93275
2 S MGET 1.0000 0. . 93148
2. BEET 1.0000 0 (NH00Es 03 L]
2.50661E+07  1.0000 IRELH L ,92968
2 BIT3E=0T - 1.0000 0.00000E+00 .928¢1
2.51795E«07  1.0000 0 (R 92074



4.46  4.87716E-04  2.78332%E-03 .92766 4356516405 1 GUIBGEOT  1.0000 (1 DOE=R0 .9276¢
4.50  4.81000E-04  2.7214%E-03 92157 4.35656E405  2.52528E+07  1.0000 0.00000E+00 .92751
VOL BXT. COEF = 1.0050E- 02

VOL ABS COEF = 2.9131E-03

RASSGNC= 7283

RASSCL = 7283

RASS CPICAL DFPTH = 1. 0050E- 02

NORM.D RANGE = 1917

s R et bty () OF CESE 3 ek ohh ok e kR e

BND EOSAEL RUN

STCP 000

5.5 Another Sample Run

Using these auxiliary datafiles and the third sample data file, NOVAE®R.DAT, produces the
sample output file NOVAE03.0UT. Hereis the sample datafile:

WAVL 10.6

VIs 7.

NOVAE

LAS1 1.000 0.0 0.0 10.0 10.0

LAS2 5.0 1.E-5 1.39 10.0 5.0

AM1 1.0 1.0 220. 0.00 8.4E-14 -1.075 0.
ATM2 0.0 0.1220 0.0450 1.0 1.0 1.0C 3001.0
ATM3 0.0 1.0 10.0 0.

TAR1 4.5 0.0 5.0 4. 1.

TARZ 30. 30. 50.

CIRL 100.0 1. 2. 0. 20.0 0. 0.0
AVB1L 0.0 2.0 0.01 1.0 0.0 l. 1.0
AR 0.9 1.0 .99 17.5 0.98 87.5 2.0
AVB3 1.38 0.40 0.54 1.93 408. 1.446 2.5
AVEA 2.0 3162. 0.04 0.25 0.0849 2.55E-4 98.
GO

AVl 1.0 1.0 220. 0.00 8.4E-14 -1.075 1.
ATM3 1.0 1.0 10.0 0.

TAR1 4.5 0.0 5.0 4. 1.

TAR2 0. 30. 50.

AVB1 0.0 2.0 0.01 1.0 0.0 1. 2.0
GO

AVB1 0.0 2.0 0.01 1.0 0.0 1. 3.0
DONE

BND



STCP

# THE FOLLONNG | S ECSAEL SOURCE CONTRCL | NFCRVATI ON YQU CAN SAFELY REMOVE I T
# SCCS @(#) NOVAEO3.DAT 2.1 02/23/90

Ilere is the sample output file

VARNING - TH S LI BRARY CONTAINS TECHN CAL DATA YHCEE EXPORT | S RESTRICTED

BY THE ARMS EXWRT OONTRCL ACT(TITLE 22, U.S.C, SEC2751 ET SEQ.) AL

EXEQUTI VECRDER 12470 VIOLATION OF THESE EXPCRT LAYS ix€ SUBJECT T
SEVERE CRIMINAL PENALTI ES.

+  ELECTRO-OPTICAL SYSTENS ;
¢ ATHBPHR CEFFECTS ¢

i LI BRARY

+ EOSAELST RV 2.1 02/23/90
*

NAVL 10.6
NOTE: THAT THE ABOV/E CARD VAS HODI FI EDFR OO\l STEACY TQ
VAVL .1060E+02  16CEFIT , 00DOE+00
BEGIKNING BWIRC
VAVENLHBER (CHex-1) 943,396 3. 3%
VAVELENGTH (MICRONETERS)  10.600 10.600
FREQUENCY (GH2) 28301. 885 28301. 145
VSBLTY
7.00 XX
) s
‘ NOVAE "
* S

£ HGHENRGY LASRBEM *
+ ATHOBPHER CPROPAGATION OCDE +
£ NOT FOR CPERATIONAL USE &

¥ ¥

+ EOSAELT REV 2.1 022390 +
*
*

rpdpritpaitesitpaipanirencesast [JPUT srenvnsiprninnnnannnvinnt rennig
PARTIQLESIZEFACTR . ........ 2.00
(CONTRCL PARAFETERS



SLEUGPTIANIDSLN e 0

WUNBER CF | NTEGRAT] N STEPS IN PHASE | NTEGRAL (NPT) .......... )
TILT QONTRCL CPTI QN (IOTLODY ..o 0
CPTI QAL | NTERACTI ONCF LI NEAR EFFECTS U TH BLOOKING (IDRSS) . 0
CONTINUOUS WAYE CR REPETI TI VEWL SE CPTI ON (IDCWRP) ... ... 1
LASER PARAMETERS

LASER VAVELENGTH (WVLGTH, NICRONETERS) . .. . ... ... 10. 6000
APERTURE DIAKETER (DIA, NETERS) . L0000
BEAM PUER (PONER, KILOVATIS) . DR
NAXINUN BEAM POVER DELIVERABLE (Pomx moums) ..... 0 OSEd0
ENERGY PER PULSE (ENGPUL, XILOJOULES) ............ .. .1 DO0ERD
MAXINUN ENERGY DELI VERABLEPER WL SE

(EWGNAX, KILOJOWULES) . .. ... 1 DoooEssd
WLSE REPETI TI MRATE (PRE, SEG1) ...\ oo, 5. 0000
PULSE DLRATION TINE(TQ. SEONDS) ... 1.000E-05
BEAN [JUALITT (TINSDL) . 13900

O\E SIGMA HIGH FREQH\C(JI TTER ANGLE

(THH NGRRIOMS) ..o 10.0000

ONE SIGNA LQU FREQUENCY JI TTER ANLE

(THIL, NICRORADIANS) . oo 5.0000

ENVIRONMENTAL PARANETERS

MAGNITUDE CF U ND AT REFERENCE HEl GHT (WINDO, M/SEC) ...  1.0000

REFERENCE HEI GHT (HWINDO, METERS) ... ... .............  1.0000
WIND DI RECTI QN (ANGWND, DEGREES) ... .................. 20.0000
EXPONENT IN VIND PONER LAW (WNDPOW) . ................... 1429
REFRACTI VE | NDEX STRUCTURE. CONSTANT

(ONSQO, I™(-23) ... A 400 14
EXPONENT IN REFRACTI VE INDEX STRUCTLRE CONSTANT

POER LAV (CNSQPW)................................ . 10760
CN2 PRCFI LE CPTI ON (CN2PRO) .. SRR 0 0
WIND PRCFI LE CPTI CN {(VINPRD) ... 000
QUANTI TY CONBINING SEVERAL ATMOSPHERIC VAR ABLES

(SCRPTS, Mx#3/JOULE) ... ............................. 1.650E-09
ABSCRPTI ON COEFFICTENT (ABSOR, t/¥N) . ... ... .......... 1220
SCATTER NGCCEFFI O BKI (ABSSCA, 1/68) . ... ... 0450
SCALE HEI GHT FOR ABSCRPTI ONCCEF.(HA ¥0) ... 1.0000
SCALE HEI GHT FCR SCATTER NG OCEF. (HS, %) ... 1.0000
APERTURE HEl GHT ABOE GROND(HITEV,  NETERS) ... ... 1.0000
TARGET HEI GHT ABOVE GROUND (HTTAR, NETERS) . . .. . 3001. 0000
RANCE o LASER TO TARCET (RANGE, %) . ... 4.5000
DEFOCUSING INCRENENT(DRNGFQ KN) ...............ooooe. 0000
RARCE FROM TARCET 70 PROJECTED | HPACT POINT (RNT, ¥¥) .. 5.0000
- COCFDI NATE GF PROJECTED | HPACT POINT (XT, KN) ... 4,000
Y- COCFDI NATE GF PROJECTED INPACT PO NT (YT, KK) ... .. 1.0000
TRAJECTCRY ANGLE(TRAJAN DECREES) .. .......... ... 30.0000

o3
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BEARING CF TARGET (BEARM, DEREES) .................... 30.0000
ANGULAR SLEW RATE (SLUVEL, RAD/SEC) R SPEED (F
LASRR (n/sec) (R SPEED OF TARGET (M/SEC)

(CEPENDS oo IDBLEUCPTIQN .« 50.0000
RADI US 0F O RCLE FCR EXPRESSI NG AVERACE | NTENSI TY
(RAY, CANTHIETERS) ..o 10 (K000

BREAKDOWN LND VAPORIZATION PARAMETERS

BREAKDOVN OPTION (IBRK) ...........cooovvriirinnnennn, 0
MRBALTYPE{INER) ... . . .. 2
PRNTCPTIONIRRTCD) ..o 0
RANCE TO LEADI NG EDGE OF CLOUD (RNGA, ¥0) ..., 90
CLOUD LENGTH {L&, METERS) .. ........o. oo, 1.00

CLOUD TRANSM TTANCE [T v .9900
KUwBER CF PHASE I NTEGRAL STEPSIN cLaub (NPA) [

ARTEMPERATURE(TATM, ©) ..., 175000
PRESSUREPATM ATH) ... .9800
REAMVEHMODITY (RELH, %0 ... .. ................. 875000
REAL PART oF REFRACTIVEINDEX (4R) . ... 1.3800
| VA NARY PART (F REFRACTIVE INDEX (NT) ........oeovies .4000
NED AN HASS RADI US CF SI ZE DI STRIBUTT QN

(RN, MICROMETERS) .......coiiriieiii e, .5400
STANDARDCRVI ATION CF SIZE DI STRBUTION(S16) ... 1.9300
BOLING TENPERATURE(TBOL. %) .......... ............. 408.0000
BUK MATERIALDENSITY (Ron, G/CRe#3) . . . ... 14460
BULK WATERTAL SPECI FI CHEAT (cPa, 3/6K) ...............  2.5000
VAPR SPECFI CHEAT(CPY, 3/6 %) ...................... 2.0000
HEAT GF VAPGRIZATIONLHA 316) o, 3162.00
EVAPCRATI ON OCEFH QLENT (EPSA) ..o, .0400
VAPCR DI FFUSI ON OCEFHI QL ENT(DCA, cssfsin] ... ... 2500
VPR GAS CONSTANT (RGA, JIGK) ........................ .0849
AR THERHAL CONDUCTIVITY (KAIR, W/THK) ................ 2.550E-04
VAPGR MLEQULAR\BLGHT (wv, G/NOLE) ... ... ... @l ;ooed
RECONDENGAT! QN CPTI QN (TRECON) ... ..o 0
EXPONENTI AL AEROBQL SCALING CPTICN (EXEXSC) ... 1
EXACT H E EFFI O BNCY FACTCR CPTI ON (DATAP) ... ... .. 1

BEAM TYPE | S REPETITIVE PULSE

CALCULATI ON DCES NOT' | NCLUDE srs

BEAN PRCFI LE | S TRUNCATED GMUSSI AN

AERCED. TYPEI'S wp/rp SMKE

NO TILT CONTRCL (BEA WANDER 1MCLLDEZ]

LI NEAR EFFECTS I NCLUDED BEFCRE BLOOM NG CALCULATI ONS

DO NOT CHECK FCR BREAKDOWN

EXPONENTIAL AEROSCL EXTI NCTI ON'SCALI NG ASSUHED 18 VAPCR! ZATI ONODEL
DATA FI LE VI TH EXACT H E EFFI O NCY FACTCRS USED

NECLI @ BLE RECONDENSATT QN ASSUVED BETVEEN PULSES

= 0715  ROEV = 1.0955E-02 QD : 7843



DFF = 9.9404E-02 NONEQ : 5.8576E-02 EQUIL= 1014
DEFAULT VALLES FER UATER: 2.1818, 0722, .83, 5875, 2.139, 1.569

l K
(0 {Ku/CHx+2)
0000 1.472124E-02
375000 1.485770E-02
75.0000 1.500682E-02
1125000 1.516191E-02
150.0000 1.532278E-02
187.5000  1.548954E-02
412.5000 1.665224E-02
6375000 1.808183E-02
862.5000 1,985202E-02
CA [EJCE+1] = 7.1199E-08
or: 7132
SUMPD = 7319
TOAL 10. DENITY [HEE=#1]
RNODE = 9.5798E-02
TAW = 2.3753E-06
TP(E7] OR TFLOW(CW) fTaLK =
863.5000 1.976717E-02
1088.5000 2.177628E-02
13135000 2.441352E-02
15385000 2.764162E~02
1763.5000 3.161960E-02
19885000  3.655965E~02
22135000 4.274428E-02
24385000 5.084565E~02
26635000 6.043984E-02
28885000 7.299501E~02
31135000  8.878001E-02
33385000 1.080797E-01
3563.5000 1.302445E-01
37885000 1.526445E-01
40135000 1.700013E-01
42385000 1.760692E-01
44635000 1.681128E-01
4500.0000 1.656529E-01

AVG

(IR CRes?)
9.305597E-03
9.391856E-03
9,486118E-03
9.584159E-03
9.685847E-03
9,791255E-03
1.052622E-02
1.142990E-02
1.254887E-02

= GEISTE=DS

4210

1.249523E-02
1.376523E-02
1.543229E-02
1.747284E-02
1.998740E-02
2.311011E-02
2.T01954E-02
3.195095E-02
3.820527E-02
4.614165E-02
5.611967E~02
6.831941E-02
8.233025E-02
9.648973E-02
1.074613E-01
1. 112969E-01
1.062675E-01
1.047126£-01

iy

(CN#x2)
3.396454E403
3.34476TE+03
3.291862E+03
3,239313E+03
3.187193E+03
3.135505E+03
2.834510E+03
2.54T063E+03
2.271406E+03

2.270279E+03
2.023680E+03
1.777039E+03
1.548505E+03
1.338085E+03
1. 145786E403
9.716202E+02
8.156043E+02
6.777603E+02
5.581197E402
4 567282E+02
3.736513E+02
3.089828E+02
2.628495E+02
2.354032E+02
2.267849E+02
2.370632£+02
2.405106E+02

DUTRT

RP CPICN
KEY: DL = DIFFRACTION-LINITED T: TURBUENE J: JTTER B : HGHNC 0 = GPTINUN RUR

DL

RADUS OF EXP(-1) BEAN {C¥)

AREA OF EXP(-1) BEAN (CHx2)

TIME AVERAGE OF JATIAL FEAK INTENSITY

(MW R3]

4. 314400
5.848E+01

6.813E-01

[N

.

B, 355E=00
2.193E+02

1.817E-01

18

1 BT

1 @

1 BTIO

4.796E+00 & THOEsD0

7.226E+01

§.513E-01

95

2.405E+02

1.657E-01

4 .T96E+00
7.226E+01

5.513E-01

i THaEwk0

1.657E-01


sherry.larson
Text Box
55


TINE ABRAE G SPATI AL AVERAGE | NTEVEI N
OARARIEQ EXP(-1) RO
| EWiThesg]

TINE AVBRNE G SPATI AL AERNE | NTENE TY
OFR QRLE G SPEQ A BD RaDI US RAV
[ IRfCmenT)

FLUENCE (KJ/CH*+2)

PEAK TNTENSITY PER PULSE [BajiBes1]

4.306E01 1.148E-01 3.485E-01

1268503 126803 1 268E03
1.363E01 3.633E-02 1.103E-01

1.047E-01

1.268E-03
3.313E-02

3.485E-01 1.047E-)

1.268E-03 1.268E-13
1103501 3.313E-02

1,363E401  3.633E+00 1.103E+01 3 ELIE+OD 1 LEE«DD I 31EEe
OPTINUM ENERGY PER PLLSE (KJGULE) 1000208 1. 000E+
FRACTION @F INTI AL WJER PRIPAGATED TO RAKE @ | WEREST = 7.9683E-01
PHICON = 1.6875E+06
ZE ALPABS APEXT BZETA B [:74 S8 APD B7ETAB
(kM) L1EN] (1/x0) (L)
.00 , 12200 , 16700 1.0000 0 (000E+0) 11,0000 1.0000 ) 0= 1.0000
.04 11899 .16288 .99391 33513 1.0000 1.0000 (0=l 93391
.08 .11605 , 15886 .98801 .54995 1.0109 1.0000 ST 93801
Al , 11318 -15483 .98228 , 19671 1.0182 1.0000 0. SO0ROE =20 93228
.15 11039 ,15111 , 97673 .96063 1.024 1.0000 0. HSGE=0 97673
19 .10766 , 14738 , 97135 1.1618 1.0329 1.0000 0. SG0E=) 97135
(41 9.26678E-02  .12688 94402 2. 3160 1.0404 1.0000 0. G0E 94402
64  7.97599E-02 10918 9114 3.21% 1.0884 1.0000 0eOEet0 92111
.86  6.86500E-02  9.39717E-02  .9018¢ 3. 6862 11311 1.0000 0. SEOER UL
.86 72877 47797 8974 3.6929 1.1556 1.0000 (. S0O30EH 8¢754
109 5.90482E-02  8.08283E-02  .88136 5.0892 1.1559 1..0000 O.G0G0Esd0 88136
131  5.082RE-02  6.95696E-02 86768 5.0892 1.2357 1.0000 [ G0ontetn 86768
154  4.37440E-02  5.98791E-02 .85606 5. 0892 1.2357 1.0000 0 GE0 85606
176  3.76508E02 5.15384E-02 84619 5.0892 1.2357 1.0000 000000 84619
1.99  3.24063E-02 4 43595E-02 83779 5.0892 1.2357 1.0000 OMeciEe 83179
2.21 2.7892B- 02  3.81806E-02 .83062 5.0892 1.2357 1.0000 0.00000E+«00 83162
244 240072202 3.28623E-02 82451 5.0892 1.2357 1.0000 0.aE= 82151
2.66 2.06632E-02 2.82849E-02 81927 5. 0892 1.2357 1.0000 00000E=t0 81927
2.89  1.77850E-02  2.43450E-02 81480 5. 0892 1.2357 1.0000 | SOMESID 81480
3.11  1.53077E~02  2.0953%E-02  .81097 5. 0892 1.2357 1.0000 0 0DSESD 81097
334 L3I754E-02  1.80352E-02 , 80768 5. 0892 1.2357 1.0000 0 DDO0E=i0 80768
3.56  113402E-02 1.58231E-02 80487 5. 0892 1.2357 1.0000 0 00a0E=20 80487
3.79  9.76060E-03  1.33608E-02  .80245 5.0892 1.2357 1.0000 0 M0OOTeln 80045
4.01  8.40103E03 1.14998E-02 80038 5. 0892 1.2357 1..0000 0. COMOE=20 016
424 7.23083E03 9.89795E-03 79860 5. 0892 1.2357 1..0000 0. POS0OL=[0 THE0
4.46 6.22364E-03 B.51924E-03 79707 5. 0892 1.2357 1.0000 | EOGEDD 79107
4.50 6.07402E-03 8.31444E-03  .79683 5. 0892 1. 2357 1.0000 O BORG0E=D0 79683

\Q EXT. COEF = 4. 6858E 03

WAL ABS QO = 4.1392-03

¥ASS CONC = 7.1199E-02

WASS CL = 7.1199E-02

WASS CPTIGAL DEPTH = 1.0050E~02

o0



NORM.D RANGE = .1917

LR ARG R e reen e endeniiren [ IF U5 | eeRmdrEnrER AR R TR AN R TR TR R RPN A R R

frepsrtpkbrrprbr bt it et [T sor e et i RO RR AR LR RRR A KR £ XS

PARTIALE SI ZEFACTQR............ 200
(CNTROL PARANETERS
VAVEFORM SPECIFIER(IDBMY .............oo s 2
SLEW CPTI ON (IDSLEW) . v 0
NUMBER CF | NTECRATI O\ISTEPS | N PHASE | NTE(RAL (IPT) .......... D
TILT CONTRCL CPTION (IDTLCOY ............ ... 0
GPTI QNAL | NTERACTI ONCF LI NEAR EFFECTS WITH BLOONING (IDRSS) 0
CONTINUOUS VAVE CR REPETI TI VE PULSE CPTI CN (IDCWRP) .......... 1
LASER PARANETERS
LASER VAVELENGTH (WVLGTH, NICROMETERS) . ... ............ 10. 6000
APERNRE DIANETER (DIAM, NETERS) ... ........... ... 1.0000
BEAN PCUER (POWER, KILONATIS) .......................... 0. 0=

NAXINUN BEAN POWER DEL| VERABLE (POWMAX, KILOVATIS) .. ... 0. aE=D0

ENERGY PER PULSE (ENGPUL, KILQDWES) .................. 1. [aeE-01
NAYINUN ENERGY DELI VERABLE PER PULSE

(ENGMAX, KILOJOULES) . ... ............................ 0 D(G6Es0L
WL SE REPETI TIONRATE (PRF, EG1) ..................... 50000
PULSE DURATION TIME(TQ SEQNDS) ......ooovovinnn 1. HO0E-05
BEAN QUALI TY {TINSDL) . .. 13900
CNE SIGNA HIGH FREQUENCY JI TTER ANLE

(THIH NICRORADIANS) ...... ...............coioii.. 10. 0000
O\E SIGNA LOW FREQUENCY JI TTER ANGLE

(THJL, MICRORADIANS) ................ .. ............. 5.0000

ENVIRONNENTAL PARANETERS

NAGKITUDE CF WIND AT REFERENCE HEI GHT (WINDO, N/SEC) ...  1.0000

REFERENCE HE GHT (HWINDO, NETER) ... ... . 1.0000
WIND DI RECTI O\ ANOWD, DEGREES) ... ... . ... 220.0000
EXPONENT [N WIND POVER LAV (WNDPOW) ... .. ... ... ... ... 1429
REFRACTI VE INDEX STRUCTURE OCNSTANT

(CNSQO, Mxx(-2/3)) . oo, 8.400E-14
EXPOIENT | N FEFRACTI VE | \CEX STRUCTURE CONSTAT

PONER LAV (CNSQPW)............ ... =1.0750
O\ PROFI LE.CPTI ON (CN2PRO) ..o 1.0000
WIND PRCFILECPTION{WINPRD) ........ ... .o, .0000
QUANTITY CONBINING SEVERAL ATMOSPHERIC VAR ABLES

(SCRPTS, Wl JONLE) .. ... 1650E09
ABSCRPTI QN CCEFFI O ENT ABSQR g 1020
SOATTER! NG OCEFFI O ENT(ABSSCA, 1/KM) ... . 0450
SCALE HE GHT FCR ABSCRPTI ON COEF. (HA KM) ... 1.0000
SCALE HEI GHT FCR SCATTER NGOCEE.(HS, ¥M) ... 1.0000
APERTURE HE| GHT ABOVE GROUND( HTTE, NETERS) ... ... 1.0000



TARGET HEGHT ABOVE GROUND {HTTAR, METERS) ............. 3001.0000

RANCE FRON LASER TO TARGET (RANGE. EAJ ................. 4.5000
DEFOCUSING TRCRENENT (DRNGEG, KN) ...................... 0000
RANGE FRON TARGET TO FRQECTED IIPACT FONT (RNT, EX) .. 5.0000
XCOCFONATE OF FROECTED INPACT POINT (XT, KM) ........ 4,0000
YQOCFONATE @F FRQECTED INPACT WINT (YT, KN) ........ 1.0000
TRAJECTORY ANGLE (TRAJAN, DEGREES) .............co.coto. 0000
BEARNG OF TARGET (BEARAN, DEREER) .......vvevnnnennn. 30.0000
ANGULAR SEY RATE (SLUVEL, RAD/SEC) OR SEED OF

LASR (N/SEC) OR FEED OF TARGET {M/SEC)
(OEFENDS ON TDSLEN OPTION) v eveeieaeee 50.0000
RADIUS (1 OIRCLE FOR EXPRESSING AVERAGE INTENSTY
(RAV, CENTINETERS) ................ . ooiieiiinn, 100.0000
BREAKDOVN AND VARCRIZATION PARANETERS
BREAKDOWN CPTION (IBRK) . .................... ... 0
AFCR) TYPE (TAER) ... oo 2
FRNT CPTION (TPRTOP) .. ..., 0
RANGE TO LEADING EDGE OF CLOUD (RNGA, X¥) .............. .90
CLOUD LENGIH (LA. METERS) ..., 1.00
CLOUD TRANSHITTANCE (TA) .....................ccooiis. .$900
FUMBER OF A INTERAL STEPS N CLOUD (NPA) .......... 1
AR TEMPERATURE (TATM, €) ..o, 17,5000
PRESSURE (PATN, ATM) ...................................  .9800
RELATIVE HUKIDITY (RELH, %) ..., 87.5000
FEL PART OF REFRACTIVE NCEX [WE1 ..................... 1.3800
INAONARY RART OF REFRACTIVE NDEX (B0 ... . 4000
NEDIAN HASS RADIUS OF SIZE DISTRBUTION
{RM, NICRONETERS) ... ... ..................... 5400
SANDND DEVIATION OF SIZE DISTRBUTICN (SIC) ... 1.9300
BOLING TENPERATURE (TBOIL, K) ......................... 408,0000
BULK NATERIAL DENSTY [R0M, G/CN¥#3) ... ... ... ... 1.4460
BULK WATERIAL SPECIFC HEAT (CPA, J/GK) ............... 25000
VAPOR SPECIFC HET (CPV, J/GK) ... 2.0000
HEAT OF VAPCRZATION (LHA, 3/6) ....................... 3162.00
EVARCRATION COEFFICIENT (EPSA) .. ..o o 0400
VAR DIFFUSON GOEFACIENT (DCA, CH+#2/SEC) ........... 2500
VAPOR GAS GONGIANT (RGA, 3/GK) ..., 0849
AR THRWL. CONDUCTMITY (KAIR, W/ONK) ..., ........ 2.550E-04
\ARR NOLECULAR NEIGHT (NV, G/NOLE) .................... 98.0000
RECONDENSATION CPTION (IRECON) ........................ 0
EXFONENTIAL AFROR). SCALING CPIN (EXEXSC) ............ 1
EXACT HE EFHQENCY FACTOR OPTION DATAP ............. 2
BEAN TYPE IS REFETITIVE PLE
CNQUATON DS~ NQLLE SRS
DOFS NOT INGLLIDE BREAKDOWN AND EXTINCTION ATTENUATION N BNERGY OR FOYER PASED O RS RIUTNE

SRS CALGLATION IS VIBRATIONAL



BEAN FRCALE |S TRUNCATED GALSBAN

ARCR). TYFE |S WP/RP SHOKE

NO TILT CONTROL (BEAM UANDER INCLUDED)

LINEAR EFFECTS INCLUDED BEFORE ELZ{M1M: CALCULATIONS

DO NOT GEX FOR BREAKDOWN

EXPONENTIAL AEROSOL EXTINCTION SCALING ASSUMED 1N VAPGRIZATION MODEL

APPROXIMATE NIE EFHOENCY FACIGRS UED

NEGLIGBLE RECONCENGATION ASSUNED BEIVEEN WLES

BS = 9715 FON = 1.0955E-02CND = 7843

OF = 99404E-02 NONEQ = 5.8576E-02 EQUIL = 1.014

CHALLT VALLES KR YATER 2.1818, ,0722, .83, .5875, 2.139, 1569
Z 17204 AVG AR
] (I cHas1] (U cHes) [CHsa]

0000 1.472124E-02  9,305597E-03  3,396454E+03

37.5000 1.485770E-02 9.391856E-03 3.3447T67E+03
750000 1.500681E-02 9.486115E-03 3.291864E+03
112.5000 1.516196-02 9.584148E-03 3.239317E+03
150.0000 1.532275E-02 9.685828E-03  3,187199E+03
1875000 1.543949E-02 9.791224E-03  3.135515E403
4125000 1.665192E-02 1.052602E-02 2.834564E+03
637.5000 1.808087E-02 1.142920E-02 2.547198E+03
862.5000 1.984979E-02 1.254T46E-02 2.271662E403

CA [EfCHee1] = 3 TITE-(
QT = 3734
SUNPD = 73.19

TOTAL NO. DENSITY [H[CE#&1] < 1 TIHEeS

RNODE = 95798E-02

TAW = 2.3753E-06

TP(RP) OR TFLON(CW)/TAUV = 4.210

863.5000 1.979830E-02 1.251492E-02 2.270499E+03

10885000 2.18973%£-02 1.384175E-02 2.015858E+03
13135000 2.455317E-02 1.552057E-02 1.769886E«03
1538.5000 2.780347E-02 1.757515E-02  1.542065E+03
17635000 3.180753-02 2.010620E-02 1,332403E+03
1988.5000  3.677735E-02  2.324772E-02 1.14090TE+03
22135000 4.299405E-02 2.717742E-02  9.675908E+02
24385000 5.082569E-02 3.212797E-02  8.124667E+02
26635000 6.073848E-02 3.839405E-02 6.755555E+02
28885000 7.327914E-02 4.632126E-02 5.568853E+02
31135000 8.897369E-02 5.624210E-02  4.564960E+02
33385000 1.080309E-01 6.828856E-02 3.744452E+02
3563.5000 1.296934E-01 8.198187E-02  3.108147E+02
37885000 1.512510E-01 9.560888E-02 2.65714TE+02
40135000 1.675290E-01 1.058986E-01 2.392764E+02
42335000 1.726811E-01 1.091553E-01 2.316211E+02
44635000 1.644102E-01 1.039271E-01  2.428072E+02

NO RAHAN CONVERICN 7 = | BOE=[d

&n



1500

T

1.619659E-01

1.023820E-01

2. 46396702

NPT PR TP R T EER IR T PR IRRA PIEN P PREL) R L baad i Rud LRS! Ill:_'_r NN PRI EER RN T IER I RN TR RS PR RN TR PR PR AR LR Y P R ]

KEY:

RADIUS OF EXP(-1) BEAX (CW)
AREA OF EXP{-1) BEAN [fMas2]
TME ABRE GF PATIAL B INTENSTY

(R¥/Chxx2)

TINE AVERACGE GF SPATIAL AVERAGE INTENSTY
OMR ORCLE O EXP(-1) RADUS

LN ]

TINE AVERNE OF SPATIAL AVERACGE INTENSITY
O/R ORCLE OF SPECIHED RADIUS RAY

(i)

FLUENCE (KJ/CH#42)

B2K INTENSTY AR RULE [Be/cmesd)
OPTINUN ENRGY AR RULE (KJOULE)

FHQOR = 1.6875E+06

ZETl ALRBS

(KN) /i)

@ ,12200

04 ,11899

.08 .11605

Al 11318

15 ,11039

19 ,10766

Al 9.26678E-02

64 7.97599E-02

.86 6.86500E-02

.86 ,38346
1.09  5.90482E-02
1.31  5.08233E-02
154 437440E-02
176 3.76508E-02
1.99  324063E-02
221 2.78924E-02
244 2.40072E-02
2.66  2.06632%E-02
2.89  177850E-02
3.11  153077E-02
3.34  1.31754E-02
356  1.13402E-02

ALPEXT BETA
[1)xn

,16700 1.0000
16288 .99391
15886 ,98801
,15493 .98228
15111 97673
,14738 ,97135
,12685 ,94402
10918 92111
9.39717E-02 ,90184
31091 .89904
§.08283E-02 ,88284
6.95696E-02 ,86913
5.98791E-02 ,85750
5.15384E-02 ,84761
4 43505E-02 ,83919
3.81806E-02 ,83201
3.28623E-02 825838
2.82849E-02 ,82064
2.43450E-02 .81616
2.09539E-02 81232
1.80352E-02 ,80903
1.65231E-02 .8062t

BP CPTION
DL + T

4.314E400
§.848E+0t

& COTF

. EITE=00
—

A S

6.82KE-01  1.T47E-01

4.314E-01  1.104E-01

1.270E-03
1.365E-01
1.365E+01

1.270E-03
3.494E-02
R L

XB

0. COOD0E )
,33513
.5499%
15671
.96063
1.1618
2.3160
3.2126
3.6862
3.6900
4.4260
4.4260
4.4260
4.4260
4.4260
4.4260
4.4260
4.4260
44260
4.4260
4.4260

+B

4. T19E+00
6.996E+01

5. T04E-01

3.606E-01

1.270E-03
1.141E-01
1.14E+01

HY

1.0000
1.0000
1.0109
1.0182
1.0254
1.039
1.0404
1.0884
11311
1.1556
1.1558
1.1964
1.1964
1.1964
1.1964
1.1964
1.1964
1.1964
1.1964
1.1964
1.1964

DL = DIFFRACTION-LINITED T = NRBUENCE J= JTTER B = B.OCHNG 0 = OPTINUX FOYRR

+ Bl +0 + BID
8 BSEEHD 4 TINERID B BSEERDD
P LA T R i
1.620E-01 5.704E-01 1.620E-01
1.024E-01  3.606E-01 1.024E-0
1.270E-03 1270E-03 1.270E-03
3.236E-02 1.141E-01 3.239E-02
§o00E=00 0. 141E=L TR
1.R0E=0t 1 DORE-0L
38D AMD BZE"AB
(1)
1.0000 [0 omooteln - 1.0000
1.0000 . DOCAE =00 -99591
1.0000 0. SO0COE=20 801
1.0000 (0T =04 .98228
1.0000 [ ME=DD 97673
1.0000 (. 00000E+00 97135
1.0000 0. =00 ,94402
1.0000 0.00000E+00 92111
1.0000 0 SOBG0E-00 30184
1.0000 0. SfEp0 .89904
1.0000 (1. BT .88234
1.0000 ] .86913
1.0000 [ GO0MIE-] A5T30
1.0000 0 ] 84761
1.0000 (1. DORGAE=1 .839:9
1.0000 0. 00000E+00 .83201
1.0000 0 ERE0E= 13868
1.0000 01 SGR0E= .820¢4
1.0000 0. SR =00 .81616
1.0000 0 SOH0E=00 .81232
1.0000 1 SOD0E=D ,80903
1.0000 0.00000E+00 80621

4.4260
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379  976060E-03  1.33608E-02 .80379 4.4260 1.1964 1.0000 0.00000E+00  .80379

401 840103E-03  1.14998E-02  .80172 4.4260 1.1964 1.0000 0.00000E+00  .80172
424  723083E-03  9.89795E-03 79993 4.4260 1.1964 1.0000 0 DMOE=0 79993
446 6.22364E-03  8.51924E-03  .79840 4.4260 1.1964 1.0000 0 D0000E=00 79840
450 607402E-03  8.31444E-03 79816 4.4260 1.1964 1.0030 0.000000<20 79816

YOL EXT. CF-= 3.0152E-03

YOL ABS QCH-= 2.9750E-03

IASS CONC = 3.7272E-02

MASS CL = 3.72T2%E-02

NASS OPTICAL DEPTH = 1 (dGZE<42

NORN.D RNE = .1917

.......... suisembandEnns ekt ahnn et I 7 CESL O Somvms b o mw mme i wieh B i w8 N0 BB R AT B FERR

et et ieanreel JEFLT ter e s st e e

PARTICLE SZE FACTCR ... 2,00

QONTRO. PARANETERS
VAVEFORN SPECIFER (IDBN) ..o, 2
SBNV OPTION (DSLEU) ..., 0
NUNBER OF INTECRATION STERS N PHASE INTEGRAL (NPT) .......... 20
TILT GONIRL GPTION (IDTLCD) ..o, 0

OPTIONAL INTERACTION GF LINEAR EFFECTSUTH BLOOMING (IDRSS) . 0
CONTINUOUS VAVE OR REPETITIVE PULSE OPTION (IDCWRP) .......... 1
LASR PARANETERS

TErmwEErresT o

LAGR VAVELENGTH (WVLGTH, NICRONETERS) ................. 10.6000
AFERIURE DIAETER (DIAN, NETERS) ... ............. 1.0000
BEAN ROLER (POVER, KILOVATTS) .......................... 11 DOCEHS0
NAXINUN BEAN POVER DELIVERABLE (POVNAX, XILOVATTS) ... 0 000E00
ENERGY FER WLSE (ENGPUL, XTLOJOULES) . .............. i BODEs0L
NAXTNUN ENERGY DELVERABLE AR RLSE

(ENGNAX,, XILOJOULES) ..o BOME L
RULE REFETITION RVE (PRF, SEC-I) ..o, 5.0000
RS DURATION TINE (TO, SOONDY ..........ooovn.. 1.000E-05
BEAM QUALITY (TIMSDL) ... 1.3900
OF SIGNA HIGH FRELANDY JTTER A\GE

(THH, NICRORADIANS) ...............oooiviiiiii,., 10,0000
OF SIGNA LI¥ FREQUENCYJTTER ANGLE

(THIL, NICRORADIANS ..o 5.0000

ENVIROVENTAL PARANETERS

NAGNITUDE G VND A' REFERENCE HEGHT (UINDO, B/SEZ] ... 1.0000

REFERENCE HEGHT (EVINDO, NETERS) .. ......oeovrrreine.. 1.0000
UND DIRECTION (ANGWND, DEGREE) ......voeeeevveeena 2200000
EXFONINT N WIHD FOVER LAW (WNDPOW) .................... 1429
REFRACTIVE NDEX SRUCTLRE CONSTANT

(CNSQO, Mem{=2030] o 8.400E-14

EXPONENT IN REFRECTIVE INDEX STRUCTURE CONSTANT



RNR Lid (CNSQPW). . ... =1,0750

Q2 FROALE CPICN (CN2PRD) ... 1.0000
UND FROFALE CPTICN {WINPRD) ..., .0000
(UINTITY CONBINING SEVERAL ATMOSPHERIC VARARLES

QRIS BdlUD) . oo e 1.650E-09
ABSTRAION COEFACIENT (ABSOR, 1/T0] ...t 120
SOATTERNG COEFHQENT (ABSSCA, 4/K8) ... 0450
SONE HAGHT FOR ABSTRPIION COEE. (HA, KM) ............. 1,0000
SONE HAGHT FOR SCATTERING GOEE. (HS, KN) ... ... 1,0000
AFERIURE HEGHT ABDE GROUND (HTDEV, WETERS) ........... 1,0000
TARET HAGHT ABDE GROUND (HTTAR, METERS) .. .......... 3001.0000
RANGE FROM LASER TO TARGET (RANGE. KM) ...... .......... 45000
CEFOCLANG INCRENENT (DRNGFO, KM) ... ... ... .. 0000

RANGE FRON TARGET TD PROJECTED IIPACT POINT (RNT, KM) .. 5.0000
XCGOCFONATE OF AROECTED INPACT POINT (XT, KN) ........  4.0000

Y-QO0RONATE OF FROECTED TNPACT FONT (YT, XK) ........ 1.0000
TRAECTCRY ANGE (TRAJAN, DESREED) ..o .0000
BEARNG OF TARGET (BEARAN, DECREED .................. 30.0000

ANGULAR SLEW RATE (SLUVEL, RAD/SEC) OR SHD &
LASR (RI%EC) OR SEED OF TARE (/SEC)
(CEFENDS ON IDSLEW OPTION) .. ... 50,0000
RADIUS OF ORCLE FIR EXFRESING AVERAGE INTENSTY
(RAY, CENTINETERS)
BREAKDONN AND VAFCRZATION RRWVETERS

BREAKDOWN CPTION (IBRK) . .....ooveeeeeeeeeeeeaanns 0
AERCRY. TYFE (TAERY .o, 2
PRINT CPTION (IPRTOP) 0

RANGE TO LEADNG EDGE OF CLOUD (RNGA, XM) .............. D0
CLOUD LENGTH (LA. METERS) ..........cveviviiiiinnn, 1.00
CLOUD TRANSMITTANCE (TA) .............................. .90
NUMBER OF RHAE INTERAL STEPS N CLOUD (NPA) .......... 1
AR TEMPERATURE (TATM, €) .......................... ... 17.5000
FRESRE (PATR, ATH) ... .9800
RELATIVE HUNIDITY (RELH, ¥) ........................... 87.5000

REL PR OF REFRACTVE NDEX (BR) ..................... 13800

IMAGINARY PART @& REFRACTVE NDEX (K1) ................ 4000
NEDIAN MASS RADIUS OF SZE DISTRBUTION

(RN, NICROMETERS) .............ccoiiiii., 5400
SANDYD DEVIATION @ SZE DISTRBUTION (SIC) ... .. 1.9300
BOLING TEMPERATURE (TBOIL, K) ......................... 408.0000
BULK MATERIAL DENSTY (ROA, 6/CH43) . . .. ... ... . 1.4460
BULK MATERIAL SFECIAC HET (CPA, J/GK) ............... 25000
VAPOR SPECIFIC HEAT (CPV, 3/G K) ....................... 2.0000
HET OF VARCRZATION (LHA, 3/G) ........................ 316200
EVARDRATION COEFFICIENT (EPSA) ... oo L0400

VAR DIFFUSON GOEFHQENT (DCA, CRsadfSsc] ... . 2500



VAR S CONSTANT(RGA, /G K) .o, 0849

AR THERMAL GCDDLCTIMTY (KAIR, W/CWED ............... 2.550E-04
\ATCR NOLECULAR YH GHT (nv, G/WOLE) ... ... ........ .. 98.0000
RECONENGATI ONGPT QN (IRECOR) ... 0
BFORNT AL ARSD SUNS PTONEES) ........... !
BXCT WIE EFF GENY FACTCR GPTION (DATAP) ... ... 3

BHA TYE IS RENT\ERLE
LQJATONDES | NZULE SRS
DS NOT | NZLULEE BREAKDOWN AYD EXTINCTION ATTENUATION | N EAERGY @R POWER PASED TO S5 RN NE
5 GLGIATI ONIS VI BRATI ONAL
BEAN FRIA LE | S TRNNVEDGUE AN
AREL TWE IS wp/RP HKE
¥0 TILT GOIRQL (BEAK WANDER | NIUDHD)
LI NEAR BFFECTS | NQL D BEFCRE BLOONTHG GL.QLATI O
D NOT GEK FCR BREAKDOWN
BEOENT AL ARBD. EXT1NCTI ON SO NG ASSHD | N \AROR ZATI QN NODEL
CALL AQ\S TOLQUATE H E BFR G BNYY RACTORS
NELI G B.E RECOUOENGATI ONASSUNED BETVEEN RLSES
NOAE \ARNNG ALH 46.Q)
WILL BE OVER YR TTEN
BS - 9715 ROEV : 1.0955E-02 D : 7843
DFF = 9.9404E-02 NONEQ : 5.8576E-02 EQUIL : 1.014
DFAUT VALLESKRR YATER 2. 1818, .0722, .83, .5875, 2. 139, 1.569
z PEAK AG AREA
il e R ] [TWiCResT] [[Head)
L0000 1.472124E-02  9.305507E-03  3.396454E+03
37.5000 1.485770E-02 9.391856E-03  3.344767E+03
75.0000 1.500681E-02 9.486115E-03  3.291864E+03
112.5000 1.5{6190E-02 9.584148E-03  3.239317E+03
150.0000 1.532275E-02 9.685828E-03  3.187199E+03
187.5000 1.548049E-02  9.TO1224E-03 3 13EL|SEs0d
412.5000 1.665192€-02 1.082602E-02  2.834564E+03
637.5000 1.808087E-02 1.142920E-02 2.547198E+03
862.5000 1.984979E-02 1.254T46E-02 2.271662E+03
CA (G/CHxx3) = 7.3264E-08
QT - 7330
SUNPD = 73.19
TOTAL NO CENBTY [Bfchesd] = G 3711E<05
RMODE «  9.5798E-02
TAN: 2.3753E-06
TP(RP) (R TFLOW(CW)/TAUV = 4.210
863.5000 1.976482E-02 1.249375E-02  2.270539E+03
1088.5000 2.17623%-02 1.37S641E-02 2.024969E+03
13135000 2.439350E-02 1.541963E-02 1 TTEAGERI:
1538.5000 2.761189E-02 1.745404E-02 1 550167E+)3
1763.5000 3.157412E-02 1.995865E-02  1.340007E+03
1938.5000 3.648835E-02  2.306504E-02 1.148020E+03
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22135000 4.263004E-02 2.694733E-02 G TITEOI=I
24385000 5.035909E-02  3.183302E-02 1S =
2663.5000 6.012987E-02  3.800933E-02 6.812515E402
28885000 7.247276E-02 4.5811526-02 & E1IAIIe
31135000 8.789352E-02  5.555930E-02 | Er1IFGLeID
33385000 1.065823E-01 6.737287E-02  3.788993E+02
35635000 1.277830E-01 8.077425E-02  3.149337E+02
3788.5000 1.488412E-01 9 408561E-02 2.695648E+02
4013.5000 1.647226E-01 1.041246E-01 2.429459E+02
42385000 1.697S58E-01 1.073061E-01 2 FE2iani=in
4463.5000 1.617090E-01 1.022196E-01  2.464500E+02
NO RAMAN CONVERION 7 = 4 ElE=l

4500.0000 1.59327SE-01 1.007142E-01  2.500579E+02

EEERXRFXXERRRERRROFRRRRRRT Rk xrrna s r ke xanknkekex [T srrtnr it xR kxR 0k kR R AXRXHRE K XF R R IR X EXRRIOR XX XX R KRR
RP CPIICN
KEY: DL = DIFFRACTION-LINITED T : TURBUENE J : JTTER B = BLOONING 0 = CPTHH ROYR
oL +TJ +B + BI o0 + BID

RADIUS OF EXP(-1) BAM (CHI 4.314E400 8.527E+00 4.804E+00 4 BITEeDG 4 EOMEeDN A GIIEWN
AR\ OF EXP(~1) BEAR (CM#42)  BHERND  DOIBMESR 7.251E+01 R GDITeD2  7.251E+01 I SDIEeDR
TINE AVERAGE OF SPATIAL AZK INTENSITY

[wjcmes1) 6.813E-01 1.744E-01 S5.494E-01 1.503E-01 5404E-01 1.593E-0t

TINE AVERNE OF SPATIAL AVERE INTENITY

OMR OROLE OF EXP{-1) RADUS

(KY JCK#x2) 4306E-01 1.103E-01 3473E-01 1.007E-01 3473E-01 1.007E-0t
TINE AVERAGE OF SPATIAL AVERNGE INTENSTY

OMR CRCLE OF SPECIFED RADIUS RAV

LL Tk EH 1268E-03 1.268E-03 1.268E-03 1.268E-03 1.268E-03 1.268E-03
ALURNCE (RJ/CM##2) 1 363E-01 3.488E-02 1099E-01 3.187E-02 1.099E-01 3.187E-02
PEAK IHTENSITY PER PULSE IM#[iHMex]] 1,363E+01 I AEEe[l  1.099E+01 LETI=0(0  1.099E+01 BTE= ()
[FTI9M ENERGY PER PULSE (XJOULE) 1. 0E= 1 DOE=t

FRACTION G INITIAL POWER PROPAGATED TO RAKGE OF INTEREST = 7.9682E-01

PHICON = [ GATGIs(E
ZETl ALRBS AT BZETA X8 HBZ 38D ARD BZETAB
(m [1rEn {155 I
. [ i [OC0E=20 [ | AR *
1 3001 | X i 1]
i i i 1 i
1 § ] SET1 1.ed2 ) T
(LML 1o vl 1025 LuLl] =RH LS J
i I AL LG 0] & 0000E)
L] T {i 1114 | 4 ) " L HAL
I FEE T I 1 91M | [T 1] o 00 ]



1.09 590482E-02  8.08283E-02 .88136 5.1583 1. 10 | .EK} e s e | 135
1.31 508233E-02  6.95696E-02 86767 5.1583 L. 1Ee 1. 600 & OG0E BETET
1.9 437440E-02  5.98791E-02 .85606 5.1583 1. 2358 1 Dot o 0ONE =[] E5ile
176  376508E-02 5.15384E-02 .84619 5.1583 I I 1 p0ad 0. QO »(x] LA L]
199 324063E-02 4.43595E-02  .83779 5.1583 R (e 0. DO0M0E =( &
221 278924E-02  3.81806E-02 .83062 5.1583 1.8 10000 0. OOemaEaL 4101
244 240072E-02  3.28623E-02 .82450 5.1583 1. 43 1.0840) 0 DL LRLE
2.66 206632E-02 2.82849E-02 81927 5.1583 1.1 1, 0000 0 OB00CE0 el
289 177850E-02  2.43450E-02 81480 51583 179 1.0000 . SO0EE 50 (TEH]
3.11 153077E-02  2.09539E-02 81096 5.1583 | 1. 15003 {3, DOOO0E+N0 (3T
33 1.3M754E-02  1.80352E-02 .80768 5.1583 () 1. 503 o BOHE=N] BiTED
3.56 113402E-02 1.55231E-02 .80486 5.1583 | e | D0ee 2, GE-) T
3.79 976060E-03 1.33608E-02 .80245 5.1583 1.2 0] 0. SOMC0E=00 [
401 840103E-03 1.14998E~02 80037 5.1583 P (] 0 OE0E00 W
42 7.23083E-03  9.89795E-03 .79859 5.1583 1.23 1. 000 0 (000 E-a0 - oH]
446 6223ME-03  8.51924E-03 19706 5.1583 1. 710 1.0000 1 D200RE+00 TG
450  6.07402E-03  8.31444E-03 .79682 5.1583 1. 3359 1. 0aR . DE00E=DD 1

VOL EXT. COEF = 4.6899E-03

VOL ABS G- = 4 .6614E-03

NASS CONC = 7.3264E-02

HIZE CL = 7.3264E-02

BASS CPIICAL CHAH = 1.0050E-02

NORN.D RANGE = 1917

e R e R T L rr PR ——
END ECBH. RUR
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CLTRAN
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FASCAT

FCLOUD
OVRCST
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GRNADE

GSCAT

ILUMA
IMTURB
KWIK

LASS
LOWTRN

LZTRAN

MPLUME
MSCAT

NMMW
NOVAE

PENDAT
RADAR
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RTD
SABRE

TARGAC
XSCALE
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EOSAEL MODULES

Approximate Multiple Scattering
Climatology
Transmission through Clouds

Obscuration Model for Mutiple Battlefieltl-Induced Contam-
inants

Obscuration due to Helicopter-Lofted =nw and Dust
Fast Algorithm for Atmospheric Scattering Calculations
Transmission through Cloud of Ellipsoidal Geometry
Path Radiance/ Contrast Beneath Overcast Conditions

Fire-Induced Transmission and Turbulence Effects
Smoke Munitions Self-screening Applications

Multiple Scattering using Gaussian Geometry

Natural Illumination under Realistic Weather Conditions
Imaging Through Optical Turbulence

Transmission Threshold Smoke Munitions Expenditures
Model

Large Area Screening Systems Application

Atmospheric Transmittance and Radiance for Broadband
Applications

Laser Transmittance-Gaseous Absorption Algoritlim

Missile Smoke Plume Obscuration
Aerosol Multiple Scattering, Monte Carlo

Near Millimeter Wave, Gaseous Absorption

Nonlinear Aerosol Vaporization and Breakdown Effects, High
Energy Lasers

Aerosol Phase Function Data Base

Millimeter Wave System Performance

Optical Path Bending Code for Near Earth Paths
Interactive Radiative Transfer Driver

Transmission Through AerosolsMoving Over Uneven Terrain
Target Acquisition

Natural Aerosol Extinction














