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ABSTRACT 
The nonlinear aerosol vaporization and breakdown effects (NOVAE) high-energy laser prop- 
agation modcl has had a number of improvements added to it since 1984. Many of tliese 
improvemcnls address aspects of vertical or slant path propagation of 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 of aerosol cal- 
culations and rectangular laser apertures are also documented. This document also describes 
opcrat,ion of the current NOVAE model. 





ACKNOWLEDGMENT 
The aulhors would like to acknowledge the efforts of a number of otller people in the actual 
work of improving t.l~c NOVAE rl~odrl. 'rhese people arc Scai~ O'nricn, Willinni ITaydcn, 
Yugal Behl, Brian Matise, and Beth Schulze. Most of this work was done on contract for the 
U.S. Army Atmospheric Sciences Laboratory by OptiMetrics, Inc. under cont,rart DAAD07- 
84-C-0008. 





Contents 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  LIST O F  TABLES 

1 . INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2 . BACKGROUND . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2.1 Absorption and Extinction Coeficient Profiling . . . . . . . . . . . . . . . .  
2.2 AGAUS Option . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2.3 Wind Profiling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2.4 C i  Profiling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2.5 Stimulated R.aman Scattering . . . . . . . . . . . . . . . . . . . . . . . . . .  
2.6 Rectangular Aperture . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

3 . ADDITIONS T O  TIIE NOVAE INPUTS . . . . . . . . . . . . . . . . . . . . . .  
3.1 Absorpt. ion a.nd Extinction Coefficient Profiling . . . . . . . . . . . . . . . .  
3.2 AGAUS Option . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3.3 Wind Profiling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3.4 C;f Profiling 

3.5 Stimulated Raman Scattering . . . . . . . . . . . . . . . . . . . . . . . . . .  
3.6 Rectangular Aperture . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 . CAVEATS 

. . . . . . . . . . . . . . . . . . . . . . . . . .  5 SAMPLE INPUT AND OUTPUT 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5.1 Wind Profiles 

5.2 Cz Profiles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
5.3 a Profiles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
5.4 Sample Run . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
5.5 Another Sample Run . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. - >  .. 1 1 1 1 ;  I I I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

ISOSAEL MODULES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  



LIST OF TABLES 

1 . Fit Coefficients for the 3.8.pm Region . . . . . . . . . . . . . . . . . . . . . . . .  10 

2 . Laser Spot Size at Range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  13 

. . . . . . . . . . . . . .  . 3 Laser Spot Size at Range for Actual Measured Prbfilcs 13 

4 . NOVAE Input Parameters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  24 

sherry.larson
Text Box
6



1. INTRODUCTION 
The Elcctro-Optical Systems Atniospheric Effects Library (EOSAEL 87) is a. rollrrtion of 
cornputcr codes tliat atldrcss the phenomena associated witli clcctro-~nag~~etic propagation 
through the atmosphere and the effects that natural and battlefield aerosols can induce. 
EOSAEL 87 is well described by the first volume of the EOSAEL 87 doc~mentation.~ NOVAE 
is an empirical program, based on scaling laws, that deals with thc propagation of 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 volume 22 of the EOSAEL 84 manuals on the air breakdown and 
thermal blooming aspects of the NOVAE code.:! 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 implemented3r in the NOVAE code since the publication 
of volume 22 of the EOSAEL 84 manuak2 This document is a brief discussion of these 
upgrades, their motivation, and implementation in the NOVAE code. It is intended to be 
used in conjunction with the EOSAEL 84 manual as a user's guide for the NOVAE code in 
EOSAEL 87 library. 

Thc basic motivation behind profiling and stimulated Raman scattering (SRS) options is to 
more realistically portray high-energy laser propagation for such systems as tlie High-Energy 
Laser System Test Facility (IIELSTF) deuterium flouride (DF) laser or the ground-based 
frce electron laser (GBFEL). These systems are very expensive to operate, and system 
n~odclitlg can provide useful information about potential prol)lems with nonlincal. erects 
such as thermal blooming, breakdown, and SRS. The original NOVAE code uses vcrtical 
scaling of 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 profiles is important. This document discusses 
the use of data for wind, extinction, absorption, and turbulence in NOVAE. 

lR. C. Shirkey, L. D. Duncan, and F. E. Niles, 1987, EOSAEL 87, Volume I ,  Execuliue Summary, ASL-TR- 
0221-1, U. S. Army Atmospheric Sciences Laboratory, White Sands Missile Range, NM. 

'Frederick G.  Gebhardt and M.  13. 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. 

3S. G. O'Brien, 1986, Enhancements of ihe EOSAEL 84 NOVAE Model, Proceedings of the Seventh 
EOSAEL/TWI Conference, U. S. Army Atmospheric Sciences Laboratory, White Sands Missile Range, 
NM.  

'I'atli Gillespie and William Hayden, 1987, Two Enhancements lo the 87 EOSAEL NOVAE Model, Proceed- 
ings of tlie Eighth EOSAELITWI Conference, U. S. Army Atmospheric Sciences Laboratory, White Sands 
Missile Range, NM. 
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The AGAUS option allows the user a wider variety of smoke lypcs in NOVAE calculalions 
where smoke or dust is prominent. The original NOVAE used one of three input files of 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 codc as a result of 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 

2.1 Absorption and Extinction Coefficient Profiling 

The absorption coefficient profiling upgrade includes two additional methods for expressing 
the molecular absorption with height above ground. The original NOVAE model uses simple 
exponential scaling with height above ground. One of these new methods uses profiles of 
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 coefficients for each month of the year, based on measured 
data, are provided for the exponential scaling. 

These options were developed for the NOVAE model based on  requirement,^ for high-energy 
laser testing at  White Sands Missile Range (WSMR), New Mexico.5. Thus all data shown 
here are specific to WSMR. Most of the effort in this option was directed towards two 
wavelength regions as well, the near- (1 pm) 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  andb book^ was developed for the purpose of support in the high- 
energy laser test program. Most of the molecular concentrations used in the development of 
the molecular absorption coefficient profiles come from the High-Energy Laser H a n d b ~ o k . ~  
The fast atmospheric scattering code (FASCODE) high-resolution transmission model5, 

'S. G .  O'Brien, W .  D. Hayden, and B. A. Schulae, 1987, Vertical Profiles oJ D F  Laser Line Atten7tntion at 
the High Energy Laser Facility, OMI-226 Contractor Report, prepared under contract DAAD07-84-C-0008, 
OpLiMetrics, Inc., Las Cruces, NM. 

%. G .  O'Brien, Beth Schulze, and William D. Hayden, 1988, Ve~ircal Profiles oJShorl Wavelenglh Atlei~unfior 
a t  White Sands Missile Range, OMI-271 Contractor Report, prepared under contract DAAD07-86G0008, 
OptiMeLrics, Inc., Las Cruces, NM. 

'John R. llummel (editor), 1984, IIigh Energy Laser Propagation Hnndbook, 001. II ,  HEL System Test Fncilily 
Aimosphen'c Characteritation, ASL-TR-0148, U.  S. Army Atrnosphcric S c i c ~ ~ c c s  Lahoratory, White Sands 
Missile Range, NM. 
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was used along with the molecular concentrations7 to produce the molecu.lar absorption 
coefficients. Six molecular constituents: HzO, CO2, 03, N20, 0 2 ,  and CH., had site spe- 
cific concentrations assigned to them for use in the FASCODE calculations. As mentioned 
previously, data used in these calculations is specific for each month. Wliere molecular 
conccnt,raf,ion models arc 11sctl in these calculations, seasonal avc>ragcs arc. somct,imc.s ~ l s c ~ i .  

In the near-infrared calculations, water vapor contributes the largc.st a.moutit of absorption, 
mainly in the form of the water vapor continuum. This is fortunate since the ,accuracy of the 
IIITRAN dakabase supporting the FASCODE calculations is known to  be cluestionable in 
the near infrared, but the water vapor continuum model is reasonnl)le.*~ 89 RTater, metliane, 
and carbon dioxide are important in the mid-infrared calculations. This wavelength region 
has extensive experimental data to validate the IIITRAN database, and these calculat,ions 
are not in question. 

Vertical profiles a t  1-km intervals for WSMR were produced for both the 1- and 3.8-pm 
wavelength regions for use with the NOVAE model. An exponential fit to  the form 

using the profiles developed in the discussion above,5> 6 resulted in coefficients c; 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 a t  1.06 pm 
wavelength were developed from data.6 These attenuation  coefficient,^ are seasonal avera.ges. 
For the fa.11 and winter season the mean aerosol extinction is 1.43 x 10-;'krnw1 and the 
absorption is 3 . 1 3 ~  10-~km-'. For the spring and summer seasot1 tlic mean ae1:osol extinction 
is 1.20 x 10-~1;m-' and the absorption is 2.20 x 10-~km-'. 

The user of the NOVAE may supply their own absorption coeficients or tl-leir own cocffi- 
cic.11 ts, c;, for whatever wavelength region and geographical area is of intcres.; to tliem. Tlle 
~oeficient~s for each month for the 3.8-pm region are shown in table 1. These coefficients 
are for the first 10 km AGL. Above 10 km the extinction is determined using the standard 
atmospllere extinction.7 A sample absorption coefficient profile is shown in section 5.3. The 

7Jol~n R. IIummel (editor), 1984, High Energy Laser Propagation Handbook, vol. IT, HEL System Test Facility 
Atmospheric Characterization, ASL-TR-0148, U .  S. Army Atmospheric Sciences T,aboratory, \Vhit,e Sands 
Missile Range, NM. 

"Patti Gillespie, 1987, Internal Memorandum, OptiMetrics, Inc., Las Cruces, N h l  

'Patti S. Gillespie, 1989, Validation of Aerosol Profile Model Developed for IIECSTF, OhlI-TN-347, Cont.ractor 
Report, OptiMetrics, Inc., Las Cruces, NM. 

gJoseph Manning, 1088, Updates to the EIITRAN Database in the 1.06 pm Region, Annual Review of Trans- 
mission Models, U. S. Air Force Geophysics Laboratory, IIanscom Air Force I3ase, M i l .  

'S. G. O'Brien, W. D. IJayden, and B. A. Schulze, 1987, Vertical Profiles of IIF Laser Li.lze Attenuafion at 
the High Ener.qy Laser Facility, OMI-226 Contractor Report, prepared under contract DAAD07-84-C-0008, 
Opt.ih,let,rics, Inc., Las Cruces, NM. 

"S. G .  0713rien, Beth Schulze, and William D. Hayden, 1988, Vertical Profiles of Short Wavel:ngt/~ Attennation 
at White Sands Missile Range, OMI-271 Contractor Report, prepared under contract DAAD07-84-C-0008, 
OpliMetrics, Inc., Las Cruces, NM. 



reader is cautioned that all numerical values shown in this docuiilcrlt rcflcct the usc of sit,c 
spccific profiles. N~~nlcricill values for othcr geographical :\rcils will 1~ tiiff(\rt~ill,. 

TABLE 1. FIT COEFFICIENTS FOR THE 3.8-pm REGION. THESE ARE USED T O  
CALCULATE THE ABSORPTION COEFFICIENTS FOR TI-IE FIRST 10 k m  
AGL FOR EACH MONTH. THESE ARE THE COEFFICI-ENTS USED IN 
EQUATION 1. 

Month c3 c2 c1 
January - 1 . 0 7 0 ~  2 . 5 3 0 ~ 1 0 - ~  - 3 . 6 0 7 ~  10-I 
February - 1 . 3 4 0 ~  2 . 9 6 2 ~ 1 0 - ~  - 3 . 7 8 1 ~  10-I -3.676 
March - 1 . 3 3 0 ~  2 . 9 2 2 ~ 1 0 - ~  - 3 . 7 3 3 ~  lo-' -3.701 
April 

May 
June 
July 
August 
September 
October 
November 
December 

2.2 AGAUS Option 

NOVAE uses Mie eficiency factors to calculate the effects of acrosol on laser beam propa- 
gation. These Mie eficiency factors may be either exact or approximate. Tlic exact Mie 
eficicncy factors require an additional input file for NOVAE model calculations. These input' 
files are spccific for thc type of aerosol. In ordcr to alleviate the tctliu~n of gcncrating these 
inl,ut  files each time a new aerosol type is used in NOVAE, tlic AGAUS option was imple- 
nlentcd in NOVAE.10 AGAUS is an auxiliary EOSAEL module t l l a t  is used as a subro~it~inc 
in NOVAE.ll Program AGAUS treats electromagnetic scattering and absorption of spherical 

by Mie theory. It allows 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 

'OYugal I(. Behl, 1985, Propagation Modeling WAO 8503-3, Third Quarterly progress report, 1 April 1985 to  
30 June 1985, under contract number DAAD07-84C-0008, OptiMetrics, Inc. ,  J,as Cruce:j, NRII. 

"Augi~st hliller, 1983, hfie Code A G A U S  82, ASL-CR-83-0100-3, U.  S. Army At.mosp11eric Sciences Lahora.- 
tory, White Sands Missile Range, NM.  



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  result^,^ it 
mrist be assumed that the AGAUS option will also since it is ba.sically providing the input 
file of Mie cfficiency 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 
modeler should input a vertical profile for windspeed and wind direction. Calculations over a 
horizontal path do not require wind profiling since the windspeed and wind direction at  that 
height above ground are the only values of importance. Thermal blooming i:s inversely pro- 
portional to the windspeed12 and so if the windspeed decreases significantly at  some height 
above ground level, thermal blooming may become important. Conversely, wind profiling 
may ventihte 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. 

C: Profiling 

In the EOSAEL 84 NOVAE the index of refraction structure constant, C:, is scaled with 
height through the use of a commonly accepted power law. The index of refraction variation 
arises from the interaction of mechanical wind turbulence and vertical gradients in the index 
of refraction caused by changes in temperature and pressure. Optica.1 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.l3 \IThcn a,n ar'bitrary vertical 
profile is used to generate a power law scaling, powers much larger than one can result in 

2Frederick G. Gebhardt and M. B. Richardson, 1984, EOSAEL 84 Nonlinear Aerosol Vaporizaiion and Break- 
down Effecis Module-NOVAE, ASL-TR-0160-22, U .  S. Army Atmosplleric Sciences Laboraf,ory, White Sa.nds 
Missile Range, NM. 

'"atti Gillespie, Brian Matise and Dennis Garvey, 1988, Disiortion Number Profiles as Predictors of Tlrerinal 
Blooming, Proceedings of the Ninth EOSAELITWI Conference, U. S. Army Atmospheric Sciences Labora- 
tory,  White Sands Missile Range, NM. 

''H. Breaux, 1978, Corrections of Extended Huygens-Fresnel Turbulence Calculatioi~s for a General Case of 
Till-Correcled and Uncorrected Laser Apertures, Internal Memorandum Report No. 600, U. S. Army Ballistic 
Research Laboratory, Aberdeen Proving Ground, MD. 



regions where C: is changing rapidly. The turbulence scaling law is given by, 

where z,, C',2(2,), and q must be input to the model. The nominal va.lues for these parameters 
arc' :, = 1 In, Ci(1 m) = 5 x 10-l4 m-2/3, and q = 1.075. IJsing reasonable, that, is, positive, 
va.lucs of q i n  equation (2) rcsults in values of the turbulence structure consta~lt that are 
decreasing with height. 

A comparison of power law scaling of C: and a smoothed data set of C: is shown by Gillespie 
and IIayden.4 A sample data file is given in the sample input and output section 5.2. 

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

where b 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 ) ~ / ~  is a geometrical factor14 that indicates that  the effect 
of turb~ilcnce is greater nea,r the laser, rather than near the target or intormcdia.tc in t,he 
pa t l~ .  Fro111 a physical poilit of view this 1na.kes sense because NOVAE model was origina.lly 
rvrittcn for llorizontal and slant pat.hs near the earth's surface. For these cases, the effect 
of t~~rbulcnce  is greatest ncar the laser. Other gcornetrical fact.ors may be found ill tlie 
literature that describe the cffect of turbulence near the target or iritermediate betwecn the 
target and h e r .  

The arbitrary profile algorithm was tested against the scaling law algorithm by using the 
power law to generate a profile of C i  values. 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 pat1:ls included, the 
profile a.lgorithm gives nea.rly the same results as the power law algorithm when the power 
law is used to  generate the profile. 

4Patti Gillespie and William Hayden, 1987, T w o  Enhancements to  the 87' EOSAEL NOVAE Model, Proceed- 
ings of tlie Eighth EOSAEL/TWI Conference, U. S. Army Atmospheric Sciences Labora.tory, White Sands 
Missile Range, NM. 

2Frederick G .  Gebhardt and M.  B. Richardson, 1984, EOSAEL 84 Nonlinear Aerosol Vapoiizntion and Break- 
down Eficts Module-NO VAE, ASL-TR-0160-22, U. S. Army Atmospheric Sciences I,ahore,tory, White Sands 
hlissile Ra.nge, NM.  

'"I. Breaus, 1978, Corrections of Extended Huygens-Fresnel Turbulence Calc~ilnl ions for a General Case of 
Till-Corrected and Uncorrected Laser Apertures, Internal Memorandum Report No. 600, U. S. Army Ballistic 
Research T,aboratory, Aberdeen Proving Ground, MD. 

I4E. C. Crittenden Jr. ,  A.  W. Cooper, E. A. Milne, G .  W. Rodeback, S. 11. I<aln~l)ach, R. L. Armstead, D. Land, 
and I3. KatAz, 1976, Opiical Propagation Through Turbulence i n  the Marille L'oui~dary Layer, Proceedings of 
the Optical-Submillimeter Atmospheric Propagation Conference, Boulder, (10. 



' r l~c  a.l.bil.r;\.ry profile calculat.ion llas been used to cal(:i~lat,c! 1a.sc.r sl)ob six(. on t,i~.rgc't, Tor 1.11rc~* 
profilcs for propagation along a slant path. Thcse calculatioi~s arc sliow~i in t,a.l>lc: 3. 'l'wo 
of the profiles are experimental data and the third is an empirical model based on data.15 
The laser spot sizes calculated for these three cases seem reasonable. Two of the cases are 
representative of more turbulent conditions: daytime data and a summer model for C,2. 
These two models give larger spot sizes at range than does the profile of :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 I'rofile 

Vertical path 1 km 0.1464 cm 0.1464 cm 
Near zenith slant path 1.025 km 0.1499 0.1521 

30" slant path 2 km 0.4299 0.4366 
Horizontal path 2 km 5.999 5.999 

TABLE 3. LASER SPOT SIZE AT RANGE FOR ACTUAL MEASURE:D PROFILES 

Profile Type Beam Radius 
30" slant path 2km Empirical summer model 2.766 cm 
30" slant path 2km Daytime data 
30" slant path 2km Nighttime data 
Vertical path 2 km Nighttime data 0.835 cm 

2.5 Stimulated Raman Scattering 

SRS is a second order Raman effect that results from the interaction of intense radiation and 
the molecules immersed in that radiation. This interaction causes the shifting of the radiation 
in that field to a different frequency, thus changing the total field intensity. SRS may cause a 
significant loss of energy to intense laser radiation in the atmosphere. The arnount of energy 

15S. C. O'Brien and Edward J .  Burlbaw, 1988, Interim Results for Vertical Profiles of Optical Turbulence at 
White Sands Missile Range, OMI-TN-307, published as a contractor report, OptiMctrics: Inc., Las Cruces, 
NM. 



converted from the original frequency to the Raman frequeilcy exponentially incrcascs with 
the incident field flux. While the change from 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 laborat>ory.l7 Various calculations 
from theoretical models indicate that 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 interfere with 1;he occurrence of 
SRS.l8 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 
sns.19 

Yariv derives an expression relating the sca.ttered radiation intensity, I,I:~), to the path 
length, z, and a gain factor, g,,19 

Id (z) = Is (0)egbz 

where Is(0) is said to  be the spontaneous Raman scattered signal. The gain factor is actually 
a gain per unit length that is directly proportion to increasing intensity and is also somewhat 
frequency dependent. We see 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.163 191 20 

From the above expression a rule of thumb to determine the onset of SR.S ha!; been developed 
for the scattered intensity.16 When the ratio of the scattered radiation intensity a t  two 
different path lengths attains a critical value, for example, when I,(z)/I,(O) = exp(30), then 
significant loss of power due to SRS from the laser bea.m is sa.ic1 to have taken place. During 
the calcula.tions NOVAE keeps track of the product, g,z, for incremental steps along the 
propagation path. Thus when the ~ r o d u c t  g,z reaches 30, a threshold for SRIS 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 of SRS beca.use the sca.ttered 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 of the beam. 

16D. W. Barrett, R. L. Battistelli, E. D. Kostic, R. D. Quinnel, and M. C. Fowler, 1986, Sh.ort Wavclrng!h 
Advanced Technology Modeling, Volume 1 SWATM Analysis System Modcling, United Technologies Research 
Center, East Hartford, CN. 

17Fred M. Johnson, 1985, CRC Handbook of Lasers, CRC Press, Boca Raton, FI,, pp.626-30. 

18M. A .  IIenesian, C. D. Swift, and J .  R. Murray, 1985, Stimulated Rotational Rnrraan Sca!lcring in. Nitrogen. 
in Long Airpalhs, Optics Letters, 10: 565-7. 

'Q. Yariv, 1075, Quaizlurn Elecironics, 2nd edition, John Wiley and Sons, New \'ark. 

"Y. R. S l~en ,  1984, The Principles of Nonlinear Optics, John Wiley and Sons, New York. 



Both experimentation and analysis have shown that air breakdown and tllcrmal bloonling 
interfere with the occurrence of SRS.18 Consequently, for most cases of input power and 
pulse length in our model, both breakdown and blooming rnust be artifici.ally suppresscd 
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 is incidental. This study is simply an exercise of the model. 

As an  example, for a pulsed laser system having pulses of 1.0 x lo6 kJ, a pulse length of 
5 x s, and a repetition rate of 10 Hz, vibrational SRS is computed to be initiated a t  
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 turbulence is set to a minimal nighttime value.4 

Rotational SRS is computed to occur a t  366.8 m along the same propagation path under 
the same conditions if we substitute a CW laser source with approximately 500 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 device is 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 is apparent that once one of 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 in its present form treats diffraction, thermal blooming, turbulence, jitter, 
air breakdown, aerosol vaporization, and SRS effects on the laser spot size on target and the 

. . 
irradiance on target. The effects of turbulence, thermal blooming, jitter, ancl diffraction are 
represented as modifications of the spatial distribution of irradia.nce on target. The total 
radius of the beam spot size on target is represented as the root sum square of the radii 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 

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

"I'atli Gillespie and William Hayden, 1987, Two Enhancements to the 87 EOS.4EL N0VA.S Model,  Procwd- 
ings of the Eighth EOSAELITWI Conference, U.  S. Army Atmospheric Sciences Laborat.ory, Wliite Sands 
Missile Range, NM. 



is represented mathematically as 

where r is the total beam radius on target, r d  is the beam radius due to dijfraction only, rth 
and rtl are the beam radii due to high and low frequency turbulence, rjh anci rjl are the beam 
radii due to high and low frequency jitter, and HB is the thermal blooming operator.21 

The spot size on target is assumed to be symmetric. The thermal bloomirig opera.tor 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 ca:n write the total 
radius, r, as 

2 2 r2 = ri + rfh + rth + rb 

where r g  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 t,hc actual spot size to the 
diffraction limited spot size. A diffraction limited beam quality is equal to 1. The expression 
for beam quality is given by 

AM = M A D  (7) 

where AM is the spot size (area) for a beam quality, M, and AD is the diffraction limited 
spot size (area).21 

The rectangular aperture option integrated into the NOVAE model utilizes a diffraction 
model for beam shapes. Rockower of the Naval Postgraduate Scliool has developed a model 
for including the effects of diffraction for both rectangular apertures ancl apertures with 
arbitrarily large central obscuration.22 This model utilizes an effective beam quality h4' 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 developecl the equivalent encircled 
energy theorem.22 Techniques derived from modulation transfer function (MTF) theory were 
applied to a uniformly illuminated aperture of arbitrary shape, rcsulting i:rl an asymptotic 
approximate formula for estimating the fraction of encircled energy, E, within a given radius 
for large distances z ,  

where X is the wavelength of the laser, R is the aperture perimeter to are.a ratio, f is the 
effe~t~ive focal length. 

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

"B. I<. Matise, P. S. Gillespie, and B. A. Schulze, 1989, Modeling the Propagafioi~ of Lnsc7.s will1 Recticng~tlar 
Apcrlvres, OhII-TN-342, Contractor Report for DAAD07-84-C-0008, Optihlctrics, Inc., 1,as Cruces, NR1. 

"Edward B. Rockower, 1985, Laser Propagation Code Stud?/, Appendix li, Naval Postgracluat,e Scl~ool, 
Monkerey, CA. 



propagate in a linear medium, with no effects of atmospheric fluct~~~nt,ions, will({, tempcrnt,rlrc, 
a.nd prcssurc! a.nd the laser aperture must be uniformly illumin:\.t.c.tl. l t ~ ~ l i ~ w ~ r  conclr~tlcs 
t.ha.t a. bctarn from an aperture with double the va.lue of Ii will sl)rc':l.tl t,wicc> i1.s 11111(.li FI-0111 

di ffractjo~l. 

Phase front distortions resulting in degraded beam quality are a well-known consequence of 
imperfections of laser wavefront quality a t  the point where the bcam lcavcs the aperture. 
These phase front distortions may result from inhomogeneities in thc lasing medium, mirror, 
lens imperfections, or other limitations to the laser system. Here this pro pert;^ 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 divc-rgence propor- 
tional to AID, 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 conserva.tion 
of energy, 

M R  = M'R'. 

Flql~ation (9) implies that the effective beam quality may be found from h1' = hf(R/R1).  

Rockowcr's modcl uses a. uniform circular a.perture to model a recta.ngrl1a.r apejrture or circrilar 
apertrlrc? wi tli arbitra,ry c:c.ntral obscuration if the lasers are of cquiva.lent power a,ntl intensity. 
Ano thcr requirement of this nlodel is that the cross-sectiona.1 a.1-cas of thc tvro bea.ms under 
consideration (circular and rectangular or circular and circular with obscuration) be equa.1. 

If the radius of the circular aperture is given by 

and the areas of the circular and rectangular apertures are equal, and we define an aspect 
ratio, F, of lcngth, y ,  to width, x, dimension, or length to width ra.tio, th,en the effective 
bcaln quality for a rectangular aperture laser is21 

Similarly for a circular a.perture with arbitrary central obscuratior~ given by F', a fract,ional 
ohscura.tion between 0 and 1, the effective beam quality is2l 

and 
D' = D 

dl-F 
wlicrc D' is t,he new bea,m cliametcr. 

"B. I<. Matisc, 1'. S. Cillespie, a11c1 B. A.  Schulze, 1989, Modeling the Propngnlirr,r o,f Lnscn: ~rii lh Rcclni~!llrla?~ 
Apc7*l.urcs, 01~ll-'l'N-342, Conl.ractor Report for DAAD07-84-C-0008, Ol>t.ihlct.rics, Inc.,  I,w Cruccs, Nkl. 



Note that the meani~lg of F is different for the rectangular aperture arid the arbitra.ry celitral 
obscuration. The new beam diameter for the arbitrary central obscuratio~i is found by setting 
the old and new beam areas equal and defining the fractional obscuration F as the ra.tio of 
the a.rea of the central obscuration, Al, to the area of the new beam A'. The expression for 
the rcsulting beam quality is found from solving the expression AlR = AftRt for the value 
of hilt. 

The relationships between beam diameters and MR products that we have discussed hold 
only for non-thermal blooming cases. Rockower uses B RLP RO (an early version of NOVAE ) 
code runs to show that the expected asymptotic behavior between circular and fractionally 
obscured circular a.pertures does not occur for cases where thermal blooming is important. 
For low energy cases, this model should be sufficient for rectangular or fractional obscured 
a.pcrtures. The reader is referred to  the work of Rockower for further detaih22 

3. ADDITIONS TO THE NOVAE INPUTS 

Absorption and Extinction Coefficient Profiling 

To implement the three different absorption coefficient options, a new record is needed in 
the NOVAE input deck. This record starts with the identifier APRO. There a.re five entries on 
this record. The first entry is the IAEPRO entry that indicates which absorption coefficient 
option is to be used. 

If the value of IAEPRO is 0, the original exponential vertical scaling is used. If IAEPRO is 
I ,  the vertical profile model given by equation (1) is used. If this option is used, the other 
four cntries on this record must be specified, as they are the four coefficients in the model, 
CO, c , ,  c2 ,  and c3. The entries for Q, cl ,  cz, and c3 do not need to bc specifit:d unless IAEPRO 
is 1. 

If the valuc of IAEPRO is 2, an arbitrary vertical profile of absorption cocficicnts must exist in 
the file natned ALPHA .PRO for tlie NOVAE model to read in. The left column of the ALPHA. PRO 
file is the height above ground in kilometers. The corresponding absorption coefficients a re 
expected in the second column from the left. The absorption coefficients arc in units of 
kilometers-l. 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 a t  least one of these 
upgrades is included in the sample input and output. 

3.2 AGAUS Option 

The switch for determining the type of Mic efficiency factors used i l l  NOVAE is the parameter 
DATAP on the A V B I  record. If DATAP is 1, the files of exact Mie efficiency fact,ors are needed. 
These files have names beginning with the letters QTO. Thcse filcs are na.nled QTOGDO .MIE, 

"Etlward B. Rockower, 1985, Laser Propagation Code Study, Appendix Ii, Naval Postgratluate Scliool, 
Moi~t~ercy, CA. 
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QTOGDT .MIE, and QTOGDF .MIE; they are the Mie efficiency factors for water, Wp/Rp smoke, 
and fog oil, respectively. These are the only aerosols that havc prccalcul;ttcd, exact Mie 
cfficicrlcy factors. If the use of another aerosol is desired, the acrosol typc:, IAERO, must be 
greater than 0.0, but no larger than 3.0; and the parameter DATAP must 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 . OUT residing in the directory uvhere the model 
runs are being made. AG.DAT is the AGAUS input file. AGAUS record types 1, 2, 4, and 5 
are needed. 

Record 1 is a title record only. Record 2 inputs the parameters NWAVE (1.0), BIIDSTP (3.0), I W  
(1.0), IDELT (0.0), NANG (1.0), I A N G  (1.0), NBINS (0.0), IEO (0.0), NEOU (0.0), NUNIT (0.0), and 
MQRTE (2345.0). Nominal values for these parameters are given in the parentheses. NWAVE is 
the number of wavelengths considered. NIDSTP is the number of size distribution types to  be 
combined a t  each wavelength. The maximum value of NIDSTP is 5.0. I W  determines whether 
the aerosols are to be considered as water where a value of 0.0 indicates water. I W  input is 
overridden by the passing of the parameter IAER and is set 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 a t  which the phase function is calculated. 
If it is 0.0 or 1.0, then the phase functions are of no particular interest. IP.NG 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. IEO, NEOU, and 
NUNIT are logical unit numbers of output. Definitions of these parameters are found in the 
AGAUS documentation. 

Record type 4 reads in IDSTP, Ql, 42, Q3, Q4, Q5, and 96. A mode 7 calculation needs an 
IDSTP, Q l ,  Q2, and 93. IDSTP denotes the mode 7 calculation. 91  a.nd 92 are the minimum 
and maximum particle radii to consider. Q3 is the increment in particle radius for each 
calculation. 

Record type 5 inputs WAVE, EMA, CAYA, RHOA, CONC, RELHUM, TEMP, and EMUA. WAVE is over- 
ridden by the transfer of the wavelength from the main NOVAE routine. EPIA 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 RELHUM and EMUA are zero, the Hanel growth factor is ignored. If they are not 
zero, the aerosol will grow larger as the relative humidity increases. 

AG .OUT 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 referlmcc is a siriglc 
line stating whether the approximate Mie expressions were used, cxa.ct Mie cficiency factors 
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were used, or AGAUS Mie calculations were used in NOVAE. 

Wind Profiling 

The original NOVAE model contains a wind scaling model that allows thc: user to input a 
windspeed a t  1 m AGL a.nd scales that windspeed with height above ground with a power 
law. The exponent of 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 WNDPOW and they appear on the ATMl 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 WPRO record is not present in the input deck, wind scaling 
is used in the NOVAE model. A wind profile that covers the propagation :range of interest 
must be provided for use with NOVAE if the wind profiling option is selected. 

The wind profile is set up in a three column configuration with the height above ground in 
kilometers in the left hand column and the corresponding windspeeds and wind directions in 
the second and third columns. Windspeed is given in meters per second and wind direction 
in degrees measured clockwise from north. The wind data is entered in an unformatted read 
so no special attention need be paid to the spacing of the data. If a height above ground for a 
given propagation step in NOVAE is not represented in the wind profile, a lincar interpolation 
is performed between the pertinent heights for windspeed and wind directicln. 

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 i  scaling is implemented in NOVAE using the CNSQO and CNSQPW parameters on the ATM1 
record. Tlicse are the value of the optical turbulence at  1 m AGL and the power with which 
to scale the turbulence. 

The actual implementation of the vertical profiling of C,2 is not as simple as it appears 
because of subtleties in the approximations used. 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 parameter, CN2FLAG, 
has been added as the last entry on the ATMI record. This parameter is a flag that turns on 
(1.0) or off (0.0) the vertical profiling option for C:. 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 da.t,a for 
C:. This file has two columns, the left column containing the heights a.bolre ground level 



in kilometers and the right column containing the corresponding C: values. The vertical 
spacing of 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 intervals to give a resultant coherence length value at  each 
step. This can be contrasted to using the power law expression for C: in the coherence length 
calculation where an approximation is made for the coherence length a t  each propagation 
step in the NOVAE calculation. The price of using an arbitrary vertical profile instead of 
the power law for C;f 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 oc~as ion .~  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 intervals in height, though with a generally decreasing trend over longer 
intervals. The scaling law shows only the decreasing trend. A sample data file is given in 
the sample profile chapter. The arbitrary profile option for optica.1 turbulence may use ac- 
tual data, smoothed data, or values of 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 beer1 adapted from 
the U.S. Air Force Short Wavelength Advanced Technology Modcling Propagation Codes.16 
The basic theoretical concept utilized in the model is if the int,egrated gain at  any height 
AGL exceeds 30, then SRS is initiated and beam propagation is terminated. 

Specifically, the SRS model checks to determine if rotational or vibrational SRS is to be con- 
sidered, and it uses that information to calculate the gain at  that height AGL. Expressions 
for the gain have been developed16 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 occur.l8 After the gain at  a given height is calculated, 
the integrated gain over height is calculated and compared to 30. If the integrated gain is less 

4Patti  Gillespie and William Hayden, 1987, Two Enhancements to the 87 EOSrlEL NOVAE: Model, Proceed- 
ings of the Eighth EOSAELITWI Conference, U. S. Army Atmospheric Sciences Laboratory, White Sands 
Missile Range, NM. 

16D. W. Barret.t, R. L. Battistelli, E. D. Kostic, R. D. Quinnel, and M. C. Fowler, 1986, Shod Wavelengih 
Advanced Techilology Modeling, I'olume 1 SWATM Analysis System Modeling, United Technologies Research 
Center, East Hartford, CN. 

'"4. A .  Henesian, C. D. Swift, and J .  R. Murray, 1985, Stimulated Rotational Raman Scatll?ring in  Nitrogen 
in Long Airpaths, Optics Letters, 10: 565-7. 



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 has occurred a t  that height and no further 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, bascd on the divergence duc to 
SRS, is calculated and used throughout the remainder of the NOVAE model. This process is 
repeated a t  each propagation step in the calculation. 

Thc beam defocusing calculation is the most approximate part of the 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) 

SRSTYPE, determines whether the SRS is rotational or vibrational. SIlSTYPE is 1.0 for 
vibrational SRS and 2.0 for rotational SRS. 

SRSLINE, determines which J-value is being considered for the rotational SRS calcula- 
tion. This parameter is specified only if the rotational SR.S calculation is chosen. It  
may be set to 8.0 or 10.0 to define the J-value of the transition. 

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

A sa~nplc input and resulting output are included a t  the end of this document displaying 
typical results using the SRS option. 

3.6 Rectangular Aperture 

The rectangular or fractionally obscured aperture options are implemented by changes on two 
input records, LASl and LAS2. The LASl record now contains the parameters D I A M ,  POWER, 
POWMAX, ENGPUL, ENGMAX, and FOBS. FOBS is one of the new parameters for (.his option, and 
the other parameters are discussed in volume 22 of the EOSAEL 84 documenta t i~n .~  FOBS is 
the fractional obscuration of a circular aperture. This parameter should be set equal to 0.0 
or omitted when not in use. When the fractionally obscured aperture is used, the value of 
FOBS is between 0.0 and 1.0. 

2Frederick G. Gebhardt and M.  B. Richardson, 1984, EOSAEL 84 Nonlinear Aerosol Vaporization and Break- 
doton Effec t  Module-NOVAE, ASL-TR-0160-22, U .  S. Army Atmospheric Sciences Laboratory, White Sands 
Missile Range, NM. 

sherry.larson
Text Box
22



The LAS2 record contains the parameters PRF, TO, TIMSDL, THJH, THJL, ASPECT, and XDIM. 
ASPECT and XDIM are the new parameters on this record. ASPECT is simply the aspect ratio 
or t,he ratio of {,he y-dimcnsion to the x-dimension of thc rcrtangular ap(:rtu~.c. XDIM is thc 
x-dimension of the rectangular aperture in meters. 

To invoke the rectangular aperture option, the input paramrtcr IDBM on record CTRL is set. 
equal to 5.0. When IDBM equals 5.0 the values of ASPECT and XDIM must be set to nonzero 
values also. For example, when IDBM = 5.0, and ASPECT = 2.0 and XDIM = 0.5, we have 
specified a rectangular aperture of dimensions 0.5 by 1.0 m. 

To invokc the fractionally obscured circular aperture, IDBM is set equal to 3.0 (circular 
aperture) and FOBS is set to some value between 0.0 and 1.0. For example, if IDBM = 3.0, 
and FOBS = 0.2, we have specified a 20 percent centrally obscured circular aperture. The 
diameter of the aperture that is input to NOVAE through the parameter DIAM, is the actual 
diameter of the fractionally obscured aperture not the diameter of an unobscured aperture 
with the same transmission area. The model calculates the equivalent diameter of the circular 
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 calculations were made in the NOVAE 
model. The NOVAE model 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 
of 2. and is better for the diffraction limited case and the turbulence-iittcr ca.sc than For the 
thermal blooming case. Use of the rectangular and fractionally obscured modcls should be 
lir~lited to non-thermal blooming cases. 

One of the reasons that these aperture options do not extend to thermal blooming cases is 
that thermal blooming affects the output of a laser with an aperture of dimensions 10 by 
15 cm differently than one of dimensions 15 by 10 cm. Our model for rectangular apertures 
treats an aperture of dimensions 10 by 15 cm the same as one of dimensions 15 by 10 
cm. Sample cases of rectangular or fractionally obscured apertures are shown in the sample 
output cha,pter in this document. 

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

The vertical scaling of the optical turbulence parameter wit,h 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 coherence length, r,. The exponent of the power law should 
be between the values of 0.7 and 1.3. Therefore, if the user intends to model a vertical 
path scenario, a vertical profile of optical turbulence should be used in the calculation of the 
coherence length. 

The NOVAE module appears to allow the capability of 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 of the input parameter DRNGFO must be zcro or greater so tha,t the 
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model calculates spot size and energy on target for a focussed beam a t  or hefore the focus. 

'The origi~lal NOVAE docuirlc~itation recommends that tlic nu11il)cv of poi 11,s i l l  I , I i ( b  pli;\.sc 
integral, NPT, be set equal to 20.0. In fact, serious yroblcrns wit.11 the NOL'AE nlodel occur 
for NPT > 20.0. NOVAE does not always operate error free for NPT < 20.0. No matter what 
the path length, it seems that NPT is optimally set equal to 20. 

The phase integral calculations in 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 a t  30 km path length. No guidance has been 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 vercsion 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. 

SAMPLE INPUT AND OUTRlJT 
The NOVAE input file for the upgrade version of NOVAE that corresponds to  table 8 "NOVAE 
Identifiers and Parameters" in volume 22 of the EOSAEL 84 documentat'ion2 is given in 
table 4.. 

TABLE 4. NOVAE INPUT PARARJETERS 
CARD I PARAMETERS 
LASl I DIAM POWER POWMAX ENGPUL ENGMAX FOBS 
LAS2 
ATM 1 
ATM2 
ATM3 
TAR1 
TA R2 
CTRL 
AVB 1 
AVB2 
AVB3 
AVB4 
APRO 
WPRO 
GO 
DONE 

PRF 
WIND0 
SCRPTS 
IRAM 
RANGE 
TRAJAN 
RAV 
IBRK 
RNGA 
NR/MEC 
CPV 
IAEPRO 
WINPRO 

T O  
HWINDO 
ABSOR 
SRSTYPE 
DRNGFO 
BEARAN 
IDCWRP 
IAER 
LA 
NI/MAC 
LH A 
co 

TIMSDL 
ANGWND 
ABSSCA 
SRSLINE 
RMT 
SLUVEL 
IDBM 
IPRTOP 
TA 
RM/FAH 
EPSA 
C1 

THJH 
WNDPOW 
HA 
IRAM 
XT 

IDSLEW 
NPA 
TATM 
SIG 
DCA 
C2 

THJL 
CNSQO 
HS 

NPT 
IRECON 
PATM 
TBOIL 
RGA 
C3 

ASPECT XDIM 
CNSQPM' CN2PRO 
HTDEV HTTAR 

IDTLCO IDRSS 
EXEXSC DATAP 
REHL 
ROA CPA 
KAIR MV 

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

2Fredericli G. Gebhardt and M. B. Richardson, 1984, EOSAEL 84 Nonlinear Aerosol Vapolirafion and Rrctlk- 
down h'flccds Module-NOVAE, ASL-TR-0160-22, U .  S. Army Atmospheric Sciences I,aboratory, Whi1.e Sands 
Missile Range, NM. 



documentation and the new parameters are discussed in this document. 

Included here is also a sample AG.DAT file used for the NOVAE-AGAUS input: 
EFFICIENCY TABLE FOR NOVAE: Wp/Rp Smoke AT 3.8 urn. 

1 3 5 0 01 1 00 0 0 00 2345 

7 0.01000 00.100 0.01 2.50 0.100E-12 

3.800E+00 1.380E+00 0.047E-00 .2500E+01 1.000E-09 00.00E+00 2.500 

7 0.12000 01.000 0.02 2.50 O.1OOE-12 

3.800E+00 1.380E+00 0.047E-00 .2500E+Ol 1.000E-09 00.00E+00 2.500 

7 1.10000 10.100 0.10 2.50 O.1OOE-12 

3.800E+00 1.380E+00 0.047E-00 .2500E+Ol 1.000E-09 00.00E+00 2.500 

# THE FOLLOWING IS EOSAEL SOURCE CONTROL INFORMATION YOU CAN SAFELY REMOVE IT 

# SCCS a ( # )  AG.DAT 2.1 02/23/90 

IIere is the sample AG .OUT file generated using the previous input: 
EfflCIEWCl TABLE FOR WOVE: YplRp Smoke AT 3.8 m. 

INTEGOL CONTROL PARIIIRERS: 

NUAYE NlDSTP IY IDELT IAN6 IANC NBlRS IEO HEW HUMIT llQRTE 

1 3  L O  I 1  0 0 0 0 2345 

CONVERGDCE CRlERIOll (DELIA) = 1.OOOE-03 

IIAXIRIJH IIIE SIZE I 0  BE USED IS 4W.00 

LOOPIK OPTION IY EFFECl FDR 3 AERDSDL WllPORENTS 

NAIIRIJH NUMBER OF RADII FOR EACH InmvAL IS : 513 

AEROSOL COIIPORERT YO. I: TABLE GENERATIMI NODE 

RLD = I.WOOOE-02. M I  ; 1.00WOE-01. DELR = 1 . W - M  

YAVELEYGTH = 1 0 . 6 W  IIICROIIEIERS 

REAL INon = . I ~ ~ O E O I  IRK. INDEX = .IOWE+OO 

GROYTH FACT. = .WE+Ml 1 IDEC. C) = 2.50 REL. HUlllOIN 0 0  

R(II1CAOWS) DRY RADIUS IIIE SIZE Q(EXT) Q(SCA1 Q(A@S) Q(RA0AR) RL INX(ADJI I! IYX(A0I) 

,01000 1.OOWOE-02 5.92753E-03 5.15297E-03 3.82996E-10 5.15297f-03 5.7449%-I0 1.3800OE+W 4 0000OE-01 

. O N 0  2.00WOE-02 1.18551E-02 103066E-02 614532E-09 1.03066E-02 9.19136E-09 1.38000E+W 4 00000E-01 

03WO 3.00000E-M 1.77826E-02 1.54613E-02 3.10781E-08 1.54612E-02 4.65278E-08 l380OOPW 4M)OOOE-01 

,04000 400000E-02 237101E-02 2.06175E-02 9.80273E-08 2.Nl14E-02 1.47035E-01 1.38000Em 100M)OE-01 

.05GfJO 5.00WOE-02 296377E-02 2.57758E-02 2.39473E-07 2.57755E-02 3.58924E-07 138000EtW 4.00000E-01 

06WO 6.WOWE-02 3.55652E-02 3.09367E-02 4.96661E-07 3.09362W2 1.4414OE-07 1.38000E+W 4 OoWOEQl 

07000 7.MKIMlE-02 4.14927E-02 3.61008E-02 9.20126E-01 3.60993E-02 I ,37834E-06 1.38000E+W 400WOE-01 

08000 8.00WOE-M 4.74203E-02 4.12686E-02 l.56898E-06 4.12670E-02 2.35084E-06 138000EtW 4 .OOOO~-0L 

09000 900000E-M 5.33478E-02 4.64405E-02 2.51336E-% 4.64380E-02 3.7616€!€+5 1.38000E+W IOOOOOE-01 

10000 I.OOOOOE-01 5.92753E-M 5.16173E02 3.830WE-06 5.16135E-02 5.7361X-06 1.38WOE+W 400000E-01 

AEROSOL COIIWREWT NO. 2: TABLE CEWERAIIMI RODE 

RUI = 1.20WOE-01. RHI = l.OOWOE+W DELR = 2 . W - M  

YAYELERCIH = 1 0 . W  IIICROEIERS 

REAL INDEX = .1380E+OI IIIbG. INDEX = .1000E+00 

GRWTH FACT. = .WE+00 T (DEG C) = 2.50 REL. HIMIDITI W 

RIBICRONS) DRY RADIUS RlE SIZE Q(EXT) Q(SCA) Q(LBS) Q(RbDAR) R L  IIIXIADJ) I N  INX(bD1) 

12000 120000E-01 711304E-02 6.3987lE-02 794218E-06 6.19792E-02 l.18862E-05 138000E+W 400000E-01 
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14000 14000OE-01 8.29855E-02 7.23825E-02 1.47137E-05 7.23677842 2.2W24E-05 1.380WE.W 4.00000E-01 

16WO 1.60WOE-01 9.48405E-02 8.28074E-02 2.50992E-05 8.27823E-02 3.74987E-05 1.38003E*W 4 W00E-01 

18000 1.80000E-01 1.M696E-01 932663E-02 4.02WE-05 9.3226lE-02 5.59989E-05 1.380WE+W 4 WOOOE-01 

2OOW 2WOOOE-01 I .  18551E-01 1.03763E-01 6.12610E-05 1.03102E-01 913326E-05 138003E~W 4 0W00E-01 

.22WO 220WE-01 1.30406E-OI 114303E-01 8.96910E-05 1.14213E-01 1.33531E-04 1.380WE.W 4.WOM-01 

. 2 4 W  2.40WOE-01 142261E-01 3.24889E-01 I .27OllE-04 1.24762E-01 1.88824E-01 1.38WOE.W 4 WOOOE-01 

.260W 2.6WOOE-01 154116E-01 1.35527E-01 1.74905E-M 1.35352E-01 2.5963lE-M 138000E+W 4.WWOE-01 

28000 280WE-01 165971E-01 I46219E-01 2.35MBE-M I.459ME-01 348558E-04 1.3800E+W 4.00000E-01 

.30W0 3.00WOE-01 l77826E-01 156971E-01 3 098731-M 1.56661E-01 4513918-04 1380WE+W 4 .OWOOE-01 

,32000 3.2WOOE-01 189681E-01 1.67787E-01 401030E44 1.67386E-01 5.92085E-04 138WOPW 4.WOOOE-01 

,34000 3.4WOOE-01 2.01536E-01 1.7867OE-01 5.lOW7E-04 1.78159E-01 7.52760E-04 1,3800oE.W 4.OOOOOE-Ol 

.36W0 3.6WOOE-01 2.13391E-01 1.89624E-01 6.41879E-01 1.88982E-01 9.43689E-04 13800L+W 4.WWE-01 

J8MX) 3.ECYlOOE-01 2.25246E-01 2.W654E-01 7.964BE-M 1.59858E-01 1.16829E-03 138WK+W 4.00000E-01 

.I0000 4.WOOE-01 2.37101E-01 2.11763E-01 9.77342E-04 2.107SjE-01 143012-03 13800K*W 4.00000E-01 

12000 4 2WOOE-01 2.k8956E-01 2.22566E-01 1.18727E-03 2.217WE-01 1.73284E-93 1 38OOCE+W 4.0000&-01 

,44000 4.4WE-01 2.W11E-01 2.34235E-01 1.42913E-03 2.328NE-01 2.08025E-03 1.3800CE*W 4.OOOWE-01 

IMKN) 4MXX)OE-01 2.72667E-01 2.45M)SE-01 1.705951-03 2.439WE-01 2.17629-03 1.38000E+W 4.WCOOE-01 

.!8W 480000E-01 2.845i-2E-01 2.510TOE-01 2.02091E-03 2.55049E-01 2.92472E-03 138000E+W 400000E-01 

,50000 5.00WOE-01 2.96377E-01 268631E-01 2.37711843 2.66254E-01 3.429788-03 1 38000E*W 400WOE-01 

. 5 2 W  5.2WOOE-01 3.08232E-01 2.80293E-01 2.77816E-03 2.77515E-01 3 .9951643 138000E+W 400WOE-01 

54000 5.40000E-01 3.2008lE-01 2.920601-01 3.2273kE-03 288832641 4.62595E-03 138000E+W 4 OO000E-01 

. 5 W 3  56WOOE-01 3.31942&01 3.03933E-01 3.728211-03 3.002ME-01 5.32533E-03 1.38000EiW 4.00000E-01 

58000 580000E-01 3 437971-01 315915E-01 4 28442E-03 3.11631E-01 609174E-03 1.38000E*W 4 00000E-01 

60000 6.OMIOOE-01 3.55652E-01 328010E-01 4 899QE-03 3.2311OE-01 6.91732E-03 1.38000E+M 4 00000E-01 

62000 620000E-01 3675071-01 310219E-01 5.51778E-03 3.34642E-01 7.87813E-03 1.38000E+W 4 00000E-01 

64000 6.40000E-01 3.793628-01 352546E-01 632260E-03 3.46224E-01 8.89418E-03 138000EtW 4 00000E-01 

66WO 660000E-01 3.912171-01 3649928-01 7.13759E-03 3.578548-03 9999438-03 1.38000E+W 4W000E-01 

68000 680000E-01 4 03072E-01 3.77558E-01 8.027ME-03 3 69530E-01 1.11977E-M 138000E+W I OOWOE-01 

70000 7.OOM)OE-01 414927E-01 3.902478-03 899632143 3.81251E-01 1.24926E-02 1.38WOE+W 4 OWW-01 

72000 7 20WOE-01 4.26782E-01 403060E-01 1.00472E-02 3.93013E-01 1.38878E-02 138000E+W 1.00000E-01 

74000 7.4OWOE-01 4.38637E-01 4.15998E-01 1.1146E-02 4.04814E-01 1.53866E-02 1.380WE+W 4OOWOE-01 

76000 76000OE-01 450493E-01 4.29062E-01 1.24124E-M 4.166SOE-01 1.69921E-02 1.38WOE.W 4 WOWE-01 

78000 7.8ONOE-01 462318E-01 4.422531-01 1.373klE-02 4.28518E-01 1.87074E-02 1.38000EtM 4 MIOWE-01 

80000 8.00000E-01 4.74203E-01 4.55570601 1.51553E-02 4.4MlSE-0I 2.05354E-02 138000E+W 400WE-01 

82000 820000E-01 4.86058601 4.69014E-01 1.66783E-02 4.52336641 2.21773E-02 1.38000E*W 4.WOOE-01 

,84000 840000E-01 497913E-01 482585E-01 1.83074E-02 4.M278E-01 2.45366-02 1138WOE+W 4.WOOOE-01 

,86000 8600OOE-01 5.09768E-01 4.96282E-01 2.00463E-M 4.76236E-01 2.67142E-02 1.3BOoOE+W 4 WWE-01 

.88000 8800OOE-01 5.21623E-01 SIOIME-01 2.18988E-02 4.88205841 2.90118E-02 13MMOE*W 4 W W - 0 1  

90000 9W000E-01 5.33478E-01 5 2405OE-01 2.386ME-M 5.W182E-01 3.14304E-M 1.311WOE.00 4 . W - 0 1  

,92000 9200WE-01 5.45333E-01 5.38119601 2.59WE-02 5.12161Wl 3.397M-02 1.38000E.00 4 0 0 W - 0 1  

94000 9.40WOE-01 5.57188E-01 5.52308E-01 2.81723E-02 5.24136841 366323842 1.38000EtW 4 Oti%W.-OI 

.96000 960000E-01 5.6343E-01 566616E-01 3.05132E-02 536103N)l 3.941558-02 13800OE+M 4.OOOOCE-01 

98000 980000E-01 5.80898.E-01 5.81MOE-01 3.29839E-M 5.48056E-01 423191M2 1.38000E+M 4.0000E-01 

1 OOCW 10000OPW 592753E-01 5.9557lE-01 355872E-02 5.59WE-01 4.53420Ea 1.38000E+W 4 OOOOOE-01 

AERDSOL COMPOYENT 110. 3: TABLE GEXERATlOll NODE 

RLO : 1.1000M+W. RHI : 1 OlOOOE+Ol. DELR = 1.OOOOE-01 

YdVELEWGTH = l O 6 W  MICROMETERS 
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REAL INDEX = .1380E*Ol IMG. INDEX - .4000E*00 

CROVTH FACT. = .00E*00 T (DEC. C) = 2.50 REL. HUnIDITY .OO 

R(IIICR0NS) DRY RADIUS NIE SIZE q(EXT) q(SCA) q(ABS)  RADAR) RL INX(ADJ) IH INX(ADJ) 
1.10000 1.10000E*00 6.52029E-01 6.69840E-01 5.06748E-02 6.19166E-01 6.21612E-02 1.38000E*00 4.00000E-01 

1.20000 1.20000E*00 7.11304E-01 7.46330E-01 6.93546E-02 6.76975E-01 8.14440E-02 1 .38000E*00 4 . OOOOOE-01 

1.30000 1.30000E*00 7.70579E-01 8.24362E-01 9.16685E-02 7.32693E-01 1.02378E-01 1.38000E+00 4.00000E-01 

1.40000 1. 4OOOOE*00 8.29855E-01 9.03132E-01 1.17450E-01 7.85682E-01 1.23794E-01 1.38000E*00 4.00000E-01 

1.50000 1.50000E*00 8.89130E-01 9.81781E-01 1.46323E-01 8.35458E-01 1.44237E-01 1.38000E*00 4.00000E-01 

1.60000 1.60000E*00 9.48405E-01 1.05948E*00 1.77731E-01 8.81752E-01 1.62093E-01 1.38000E*00 4.00000E-01 

1.70000 1.70000E*00 1.00768E*00 1.13552E*00 2.1099kE-01 9.24523E-01 1.75766E-01 1 .38000E*00 4.00000E-01 

1.80000 1.80000E*00 1.06696E*00 1.20933E*00 2.45386E-01 9.63944E-01 1.83877E-01 1.38000E*00 4.00000E-01 

1.90000 1.90000E*00 1.12623E*00 1.28056E*00 2.80217E-01 1.00034E40 1.85461E-01 1.38000E*00 4.00000E-01 

2.00000 2.00000E*00 1.18551E*00 1.34903E*00 3.14904E-01 1.03413E40 1.80117E-01 1.38000E*00 4.00000E-01 

2.10000 2.10000E*00 1.24478E*00 1.41470E*00 3.49024E-01 1.06568E40 1.68102E-01 1.38000E*00 4.00000E-01 

2.20000 2.20000E*00 1.30406E*00 1.47763E*00 3.82327E-01 1.09531E40 1.50327E-01 138000E*M 4.00000E-01 

2.30000 2.30000E*00 1.36333Et00 1.53790E*00 4.14726E-01 1.12318El00 1.28281E-01 1.38000E*00 4.00OOOE-01 

2.40000 2.40000E*00 1.42261E*00 1.59560E*00 4.46258E-01 1.14934E60 1.03862E-01 1.38000E*00 4.00000E-01 

2.50000 2.50000E*00 1.48188E*00 1.65077E*00 4.77035E-01 1.17374E40 7.91716-02 1.38000E*00 4.00000E-01 

2.60000 2.60000E*00 1.541 16E*00 1.70346E*00 5.07193E-01 1.19627E40 5.62804E-02 1 .38000E*00 4.00000E-01 

2.70000 2.70000E*00 1.60043E*00 1.75370E*00 5.36851E-01 1.21685E40 3.70109E-02 1.38000E*00 4.00000E-01 

2.80000 2.80000E*00 1.65971E*00 1.80155E*00 5.66087E-01 1.23546E40 2.27655E-02 1.38000E*00 4.00000E-01 

2 .go000 2.90000E*00 1.71898E*00 1.84708E*00 5.94927E-01 1.25215Ed0 1.44093E-02 1 .38000E*00 4.00000E-01 

3.00000 3.00000E*00 1.77826E*00 1.89040E*00 6.23347E-01 1.26705E60 1.22197E-02 1.38000E*00 4.00000E-01 

3.10000 3.10000E*00 1.83754E*00 1.93162E*00 6.51283E-01 1.28034Efl 1.58932E-02 1.38000E*00 4.00000E-01 

3.20000 3.20000E*00 1.89681E*00 1 .97087E*00 6.7864K-01 1.29223El00 2.46044E-02 1.38000E+00 4 .00000E-01 

3.30000 3.30000E*00 1.95609E*00 2.00823E*00 7.05322E-01 1.30290E60 3.71062E-02 1.38000E*00 4.00000E-01 

3.40000 3.40000E*00 2.01536E*00 2.04375E*00 7.31207E-01 1.3125kEfl 5.18652E-02 1.38000E*00 4.00000E-01 

3.50000 3.50000E*00 2.07464E*00 207746E+00 7.56196E-01 1.32126E40 6.72200E-02 1.38000E*DO 4.00000E-01 

3.60000 3.60000E*00 2.13391E+00 2.10935E*00 7.80200E-01 1.32915Ed0 8.15503E-02 1.38000E*00 4.00000E-01 

3.70000 3.70000E*00 2.19319E*00 2.13940E*00 8.031ME-01 1.33625E40 9.34382E-02 1.38000E*00 4.00000E-01 

3.80000 3.80000E*00 225246E*00 2.16760E*00 8.24995E-01 1.34260Efl 1.01801E-01 1.38000E*00 4.00000E-01 

3.90000 3.90000E*00 2.31174E*00 2.19395E*00 8.45717E-01 1.34823Ed0 1.05980E-01 1.38000E*00 4.00000E-01 

4.00000 4.00000E*00 2.37101E*00 2.21849E*00 8.65318E-01 1.35317E40 1.05782E-01 1.38000E+00 4.00000E-01 

4.10000 4.10000E*00 2. 43029E*00 2.24130E*00 8.83819E-01 1.35748E40 1.01455E-01 1.38000E*00 4.00000E-01 

4.20000 4.20000E*00 2.48956E*00 2.26249E*00 9.01265E-01 1.36123El00 9.36349E-02 1.38000E*00 400000E-01 

4 . 3 W  4.30000E*00 2.54884E*00 2.28222E*M 9.17711E-01 1.36451E60 8.32458E-02 1.38000E+CQ 4.00000E-01 

4.40000 4.40000E*00 2.60811E*00 2.30065E*00 9.33mE-01 1.36742El00 7.13958E-02 1.38000E*00 400000E-01 

4.50000 4.50000E*00 2.66739E*00 2.31791E*00 9.47885E-01 1.37003E*00 5.92594E-02 1.38000E*00 4.00000E-01 

4.60000 4.60000E*00 2.72667P00 2.33415E*00 9.61760E-01 1.37239E60 4.79676E-02 1.38000E+00 4.00000E-01 

4.70000 4.70000E*00 2.78594E*00 2.34944E*00 9.74915E-01 1.37452E40 3 3.5079E-02 1.38000E*00 4.00000E-01 

4.80000 4.80000E*00 2.84522E*00 2.36383E*00 9.874ME-01 1.37643E40 3.16421E-02 1.38000E*00 4.00000E-01 

4.90000 4.90000E*00 2.90449E*00 2.37733El00 9.99267E-01 1.37806Efl 2.78456E-02 1.38000E*00 4.00000E-01 

5.00000 5.00000E*00 2.96377E*00 2.38991E*00 1.01053E40 1.37939E*00 2.72763E-02 1 .38000E+00 4.00000E-01 

5.10000 5.10000E*00 3.02304D00 2.40155E*00 1.02119E40 1.38036E90 2.97755E-02 1.38000Et00 4.00000E-01 

5.20000 5.20000E*00 3.08232E*00 2.41220E*00 1.03125E40 1.38095E40 3.48998E-02 1.38000E+00 4.00000E-01 

5.30000 5.30000E*00 3.14159E*00 2.42185E*00 1.04071E90 1.38115E*00 4.19811E-02 1.38000E*00 4.00000E-01 

5.40000 5.40000E*00 3.20087E*00 2.43052E*00 1.04955E49 1.38097E40 5.02044E-02 1.38000E+00 4.00000E-01 



5.50000 5.50000E*00 3.26014E*00 2.43825E*00 1.05778E40 1.38048E40 5.86954E-02 1.38000E*00 4.OOOOOE-01 

5.60000 5.60000E400 3.31942E*00 2.44513E*00 1.06540Ern 11.37972E*00 6.66059E-02 1.38000E*00 4.00000E-01 

5.70000 5.70000E*00 3.37869E*00 2.45123E*00 1.07244E40 1.37879E*00 7.31903E-02 1.38000E*00 4.00000E-01 

5.80000 5.80000E*00 3.43797E*00 2.45669Et00 1.07892E40 1.37776E60 7.78666E-02 1.38000E*00 4.00000E-01 

5.90000 5.90000E*00 3.49724E*00 2.46158E*00 1.08489E40 1.37669E40 8.02600E-02 1.38000E*00 4.OOOOOE-01 

6.00000 6.00000E*00 3.55652E*00 2.46602E*00 1 .09040E40 1.37562E*00 8.02267E-02 1 .38000E*00 4.00000E-01 

VAVELEWCTH = 10.6000 WICROllETEBS 

REAL INDEX = .1380E*01 IWIC. INDEX = .4OOOE*00 

CROVTH FACT. = .25E*01 T (DEC. C) = .OO REL. HUWIDIN .00 

YAVELENGTH = 2.5000 HICROWETERS 

REAL INDEX = .0000E*00 I W A G .  INDEX = 
R(W1CROWS) DRY RADIUS WIE SIZE q(EXT) q(SCA) q(ABS) q(RADAR) RL IHX(ADJ) III INX(ADJ) 

6.10000 6.10000E*00 3.61580E*00 2.47005E+00 1.09549Ed0 1.37456E40 7.78580E-02 1.38000E*00 4.00000E-01 

6.20000 6.20000E*00 3.67507E*00 2.47371E*00 1.10020E100 1.37350E*00 7.34628E-02 1.38000E*00 4.00000E-01 

6.30000 6.30000E*00 3.73435EtOO 2.47701E*OO 1.10459Ed0 1.37242E100 6.75325E-02 1.38000E*00 4.00000E-01 

6.40000 6.40000E*00 3.79362Et00 2.47993E*00 1.10867EdO 1.37126Ed0 6.06889E-02 1.38000E*00 4.00000E-01 

6.50000 6.50000E*00 3.85290E*00 2.48245E*00 1.11247Ed0 1.36998El00 5.36200E-02 1.38000E*00 4.00000E-01 

6.60000 6.60000E*00 3.91217E*00 2.48455E*00 1.11599EdO 1.36856E*00 4.7011 1E-02 1.38000E*00 4.00000E-01 

6.70000 6.70000€*00 3.97145E*00 2.48621E*00 1.11925E40 1.36696Em 4.14790E-02 1.38000E*00 4.00000E-01 

6.80000 6.80000E*00 4.03072E*00 2.48742E*00 1.12223E40 1.36520E+00 3.75136E-02 1.38000E*00 4.00000E-01 

6.90000 6.90000E*00 4.09000E*00 2.48822Et00 1.12494E60 1.36328Ed0 3.54366E-02 1.38000E*00 4.00000E-01 

7.00000 7.00000E*00 4.14927€*00 2.48863E*00 1.12739E40 1.36124E40 3.53752E-02 1.38000E*00 4.00000E-01 

7.10000 7.10000E*00 4.20855E*00 2.48870E*00 1.12958E40 1.35913El00 3.72585E-02 1.38000E*00 4.00000E-01 

7.20000 7.20000E*00 4.26782Et00 2.48850E*00 1.13152E60 1.35699E40 4.08296E-02 1.38000E*00 4.00000E-01 

7.30000 7.30000E*00 4.32710E*00 2.48809E*00 1.13324E40 1.35485E40 4.56768E-02 1.38000E*00 4.00000E-01 

7.40000 7.40000E*00 4.38637Et00 2.48752E*00 1.13476E40 1.35276E40 5.12757E-02 1.38000E*M) 4.00000E-01 

7.50000 7.50000E400 4.44565El00 2.48681E*00 1.13611Ed0 1,35071E40 5.70432E-02 1.38000E*00 400000E-01 

7.60000 7.60000E*00 4.50493E*00 2.48601E*00 1.13730E*00 1.34870E40 6.23948E-02 1.38000E*00 4 00000E-01 

7.70000 7.70000E*00 4.56420E*00 2.48511E*00 1.13838E40 1,34673E40 6.68008E-02 1.38000E*00 400000E-01 

7 -80000 7.80000E*00 4.62348E*00 2.48410E*00 1.13935E40 1.34475El00 6.98403E-02 1.38000E*00 400000E-01 

7.90000 7.90000E*00 4.68275E+00 2.48298E*00 1.14022E*00 1.34275El00 7.12385E-02 1.38000E*00 4.00000E-01 

8.00000 8.0(1000E*00 4.74203E*00 2.48172E*00 1.14101Ed0 1.34070Ed0 7.08931E-02 1.38000E*00 4.00000E-01 

8.10000 8.10000E*00 4.80130E*00 2.48030E*00 1.14171E40 1.33859E100 6.88807E-02 1.38000E*00 4.00000E-01 

8.20000 8.20000E*00 4.86058E400 2.47873E+00 1.14233E*00 1.33641E40 6.54440E-02 1.38000E*00 4.00000E-01 

8.30000 8.30000E*00 4.91985E*00 2.47701E*00 1.14286E40 1.33415E40 6.09637E-02 1.38000E*00 4.00000E-01 

8.40000 8.40000E*00 4.97913E*00 2.47515E*00 1.14330E40 1.33185E@0 5.59159E-02 1.38000E*00 4.OOWOE-01 

8.50000 8.50000E*00 5.03810E*00 2.47317E*00 1.14365E40 1.32952E40 5.08224E-02 1.3800OE*00 4.00000E-01 

8.60000 8.60000E*00 5.09768E*00 2.47110E*00 1.14392E60 1.32718Ed0 4.61962E-02 1.38000E*00 4.00000E-01 

8.70000 8.70000E*00 5.156951*00 2.468981*00 1.14412E40 1.32487E40 4.24908E-02 1.38000E*00 4.00000E-01 

8.80000 8.80000E*00 5.21623El00 2.46683El00 1.14425E40 1.32258E.00 4.00554E-02 1.38000E*00 4.OOOOOE-01 

8.90000 890000E*00 5.27550E*00 2.46467E*00 1.11433E40 1.32035E*00 3.91022E-02 1 .38000E*00 4 .00000E-01 

9.00000 9.00000E*00 5.33478E*00 2.46252E*00 1.14436E40 1.31815E40 3.96878E-02 1.38000E*00 4.00000E-01 

9.10000 9.10000E+00 5.39406E*00 2.46038E*00 1.14437E+00 1.31600Ed0 4.17099E-02 1.38000E+00 4 00000E-01 

9.20000 9.20000E*00 5.45333E*00 2.45824E*00 1.14436E+OO 1.31388E40 4.49210E-02 1.38000E+00 4.00000E-01 

9.30000 9.30000E*00 5.51261E*OO 2.45610E*00 1.14434E40 1.31176Ed0 4.89574E-02 1.3800OE*00 4.00000E-01 

9.40000 9.40000E*00 5.57188E*00 2.45395E*00 1.14431E40 1.30964E40 5.33785E-02 1.38000E*00 4.00000E-01 

9.50000 9.50000E*00 5.63116E*00 2.45178E*00 1.14427E40 1.30750E*00 5.77146E-02 1.38000E*00 4 OOOOOE-01 



The Mie efficiency factor file QTOGDT-MIE used for this case is: 
4.210730E-03 1.225360E-08 

8.424680E-03 1.9624303-07 

1.264530E-02 9.9277503-07 

1.687640E-02 3.137120E-06 

2.112180E-02 7.660350E-06 

2.538570E-02 1.5880503-05 

2.967270E-02 2.941900E-05 

3.398720E-02 5.018030E-05 

3.833430E-02 8.035910E-05 

4.271900E-02 1.224580E-04 

5.162280E-02 2.537840E-04 

6.074370E-02 4.698130E-04 

7.012950E-02 8.006730E-04 

7.983120E-02 1.280870E-03 

8.990170E-02 1.94911OE-03 

1.003960E-01 2.847980E-03 

1.113720E-01 4.023820E-03 

1.228850E-01 5.5260703-03 

1.349940E-01 7.4070203-03 

1.477550E-01 9.721070E-03 

1.612250E-01 1.252400E-02 

1.754550E-01 1.587220E-02 

1.904950E-01 1.982180E-02 

2.063910E-01 2.442740E-02 

2.231800E-01 2.9740603-02 

2.408970E-01 3.580950E-02 

2.595640E-01 4.267650E-02 

2.791960E-01 5.037750E-02 

2.998000E-01 5.894030E-02 

3.213700E-01 6.838350E-02 

3.438910E-01 7.871500E-02 

3.673350E-01 8.993220E-02 

3.916680E-01 1.020210E-01 

4.168420E-01 1.149540E-01 
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5.1 Wind Profiles 

The file W I N D .  PRO contains a sample wind profile which is read by NOVAE. Tl2.e 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 



C: Profiles 

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

Z(km AGL); C,2(m-2/3). 
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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a Profiles 

Tlle file ALPHA.PR0 contains a sample a profile which is scad by NOVAE. 'l'llc: two coll111111s 
are: 
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5.4 Sample Run 

Using these auxiliary data files and the second sample data file, NOVAE02 .DAT, produces the 
sample output file NOVAE02 .OUT. Were is the sample data file: 
WAVL 10.6 

VIS 7. 

NOVAE 

LASI 1.000 5.08E+6 1.1E+07 10.0 10.0 

LAS2 5.0 1.E-5 1.39 10.0 5.0 

ATM 1 1 .O 1 .O 220. 0.00 8.4E-14 -1.07.5 0. 

ATM2 0.0 0.1220 0.0450 1 .O 1.0 1 .OO 3001.0 



ATM3 

TARl 

TAR2 

CTRL 

AVB 1 

AVB2 

AVB3 

AVB4 

APRO 

GO 

ATM 1 

ATM3 

TARl 

TAR2 

CTRL 

APRO 

WPRO 

GO 

CTRL 

AVB 1 

APRO 

DONE 

END 

STOP 

# THE FOLLOWING IS EOSAEL SOURCE CONTROL INFORMATION YOU CAN SAFELY REMOVE IT 

# SCCS @(#) NOVAE02.DAT 2.1 02/23/90 

Here is the sample output file: 
........................................................................... 
YARNING - THIS LIBRARY CONTAINS TECHNICAL DATA YHOSE EXPORT IS RESTRICTED 
BY THE ARK EXPORT CORTROL ACT (TITLE 22, u.s.c., SEC 2751 n SEQ. on 
EXECUTIVE ORDER 12470. VIOLATIM OF THESE EXPORT LAVS ARE SUBJECT TO 

SEVERE CRIRIRAL PEHAUIES. 
****************************#******#******##******#****##*********#*** 

............................... 
* * 
* ELECTRO-OPTICAL SYSTEHS * 
* * 
* ATROSPHERIC EFFECTS * 
* * 
t LIBRARY t 

* * 
* EOSAEL87 REV 2.1 02/23/90 * 
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WAVL 10.6 

NOTE: THAT THE ABOVE CARD VAS HODIFIED FOR CONSISTENCY TO: 

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

BEGINNING ENDING 
VAVENUHEER (cII**-1) 943.396 943.396 

VAVELENGTH (IIICROHETERS) 10.600 10.600 

FREQUENCY (CHZ) 28301.885 28301.885 

VISIBILITY 

7.00 XI 
................................ 
* * 
* N O V A E  t 

* * 
* HIGH-ENERCY LASER BEAH * 
* ATNOSPHERIC PROPACATION CODE * 
* NOT FOR OPERATIONAL USE * 
* * 
* EOSAEL87 REV 2.1 02/23/90 * 
* * 

*********t**~f *#t**t***t*#** INWT *t*t***w**********t****t****** 

PARTICLE SIZE FACTOR.. . . . . . . . .  2.00 

CONTROL PARAWETERS 
-------------- ---------------- 

WAVEFOR1 SPECIFIER (IDBH) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 
SLEW OPTION (IDSLN) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 
NUHBER OF INTEGRATION STEPS IN PHASE INTEGRAL (NPT) . . . . . . . . . .  20 
TILT CONTROL OPTION (IDTLCO) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 
OPTIONAL INTERACTION OF LINEAR EFFECTS YITH BLWNIWC (IDRSS) . 0 

CONTIWUOUS WAVE OR REPETITIVE WLSE OPTION (IDCWRP) . . . . . . . . . .  1 
LASER PARAIIETERS 
---------------- ---------------- 

LASER YIVELENGTH (UVLCTH, IIICROHETERS) . . . . . . . . . . . . . . . . .  10.6000 

....................... APERTURE DIAHETER (DIAH, NFIERS) 1.0000 

BEAR POWER (POYER, XILOUATTS) . . . . . . . . . . . . . . . . . . . . . . . . . .  5.080E+06 
NAXIIRIII BEAH WVER DELIVERABLE (WVNIX, KILOVATTS) . . . . .  1.100E+07 
ENERGY PER PULSE (ENGPUL, KILOJOULES) . . . . . . . . . . . . . . . . .  .i .OWE+O~ . 

llAXIlRRl ENERGY DELIVERABLE PER PULSE 

(ENGIAX, KILOJUJLES) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  l . ~ + O l  

PULSE REPETITION RATE (PRF, SEC-1) ..................... 5.0000 

PULSE DWATIOR TIHE (TO, SECONDS) . . . . . . . . . . . . . . . . . . . . . .  1 .OWE-05 
BEAH QUALITY (TIHSDL) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.3900 

ONE SIGHA HIGH FREqUENCY JITTER ANCLE 
(THJH, HICRORADIANS) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10.0000 

ONE SICRA LOW FREQUENCY JITTER ANCLE 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (THJL. HICRORADIAWS) 5.0000 

ENVIROIIIIEWTAL PARAMETEE 
..........-........ ....................... 

... MAGNITUDE OF MIND AT REFERERCE HEIGHT (VINDO, IISEC) 1.0000 

REFERENCE HEIGHT (HVINDO, HETERS) . . . . . . . . . . . . . . . . . . . . . .  1.0000 

VIND DIRECTION (AWGUWD, DEGREES) ....................... 220.0000 
EXPONENT IN MIND W V E R  LAY (UWDPOV) . . . . . . . . . . . . . . . . . . . . .  1429 
REFRACTIVE INDEX STRUCTURE CONSTANT 

(CNSqO, I**(-213)) ................................... 8.400E.14 
EXPONENT IN REFRACTIVE INDEX STRUCNRE CONSTAlT 

POVER LAV (CNSqPU) .................................... .1.0750 

CN2 PROFILE OPTION (CN2PRO) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0000 
VIND PROFILE OPTION (V INPRO) ................................. 0000 
qUANTITY COHBINING SEVERAL ATMOSPHERIC VARIABLES 

(SCRPTS, H**31JOULE) ................................. 1.650E49 
ABSORPTION COEFFICIENT (ABSOR, 1 1 ~ ~ )  . . . . . . . . . . . . . . . . . . . .  1220 
SCATTERING COEFFICIENI (ABSSCA, IIKN) . . . . . . . . . . . . . . . . . . .  otso 

SCALE HEIGHT FOR ABSORPTIOll COEF . (HA, KM) ............. 1.0000 

SCALE HEIGHT FOR SCATTERING COEF . (HS, KH) . . . . . . . . . . . . .  1.0000 

APERTURE HEIGHT ABOVE CROWD (HTDEV, HETERS) ........... 1.0000 

TARGET HEIGBT ABOVE CROWD (HTTAR, HETERS) ............. 3001.0000 
RANGE FRO1 LASER TO TARGET (RANGE, KH) ................. 4.5000 

DEFOCUSING INCREMUIT (DRNGFO, KH) . . . . . . . . . . . . . . . . . . . . . . .  0000 

RANGE FRO1 TARGET TO PROJECTED IMPACT POINT (RMT, KH) . . 5.0000 

X-CMIRDINATE OF PROJECTED IMPACT POINT (XT, KH) . . . . . . . .  4.0000 

Y-COORDINATE OF PROJECTED IUPACT POINT (YT, KI) ........ 1.0000 

TRAJECTORY ANGLE (TRAJAN, DEGREES) . . . . . . . . . . . . . . . . . . . . .  30.0000 
BEARING OF TARGET (BEARAN, DEGREES) .................... 30 . 0000 
AHGULAR SLEV RATE (SLWEL, RADISEC) OR SPEED OF 

LASER (NlSEC) OR SPEED OF TARGET (MISEC) 

(DEPENDS OH IDSLN OPTIOH) ........................... 50.0000 

RADIUS OF CIRCLE FOR EXPRESSING AVERAGE INTENSITY 

(RAV, CENTIMETERS) ................................... 100.0000 
BREAKDGUN AND VAPORIZATION PARAMETERS 
................................ .................................. 

BREAKDGUN OPTION (IBRK) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 

AEROSOL TYPE (IAER) .................................... -1 

PRINT OPTION (IPRTOP) .................................. 0 

RANGE TO LEADING EDGE OF C L W D  (RIGA, KH) .............. . 90 
CLOUD LENGTH (LA, METERS) .............................. 1.00 

CLOUD TRANSMITTANCE (TI) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9900 
NUMBER OF PHASE INTEGRAL STEPS IN CLOUD (NPA) .......... 1 

AIR TEMPERATURE (TAT!, K) .............................. 17.5000 
PRESSURE (PATH, ATM) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9800 

RELATIVE HUMIDITY (RELH, 1) ............................ 87.5000 
WASS EXTINCTION COEFFICIENT (MEC, H**2/G) .............. 1.3800 

HASS ABSORPTION COEFFICIENT (MAC, H**2/G) . . . . . . . . . . . . . . .  4000 
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. . . . . . . . . . . . . . . . . . . . . .  ABSORPTION HEATING FRACTION (FU) .5400 

.......... STANDARD DEVIATION OF SIZE DISTRIBUTION (SIG) 1.9300 

BOILING TERPERATURE (TBOIL, K) ......................... 408.0000 

BULK IIATERIAL DENSITY (ROA, G/Cn**3) . . . . . . . . . . . . . . . . . . .  1.4460 

BULK NATERIAL SPECIFIC HEAT (CPA, JIG K) . . . . . . . . . . . . . . .  2.5000 

VAPOR SPECIFIC HEAT (CPV, JIG K) . . . . . . . . . . . . . . . . . . . . . . .  2.0000 

HEAT OF VAPORIZATION (LHA, JIG) ........................ 3162.00 

EVAPORATION COEFFICIENT (EPSA) . . . . . . . . . . . . . . . . . . . . . . . . .  ,0400 

VAPOR DIFFUSION COEFFICIENT (DCA, CN**2/SEC) ........... ,2500 

VAPOR GAS CONSTANT (RGA, JIG K) . . . . . . . . . . . . . . . . . . . . . . . .  ,0849 

AIR THERRAL CONDUCTIVIn (KAIR, UICR K) ................ 2.550E-04 

VAPOR ROLECULAR UEIGHT (RV, GlROLE) . . . . . . . . . . . . . . . . . . . .  98.0000 

RECORDEHSATIMI OPTION (IRECON) . . . . . . . . . . . . . . . . . . . . . . . . .  0 

EXPONENTIAL AEROSOL SCALING OPTION (EXEXSC) . . . . . . . . . . . .  1 

EXACT HIE EFFICIENCY FACTOR OPTION (DATAP) ............. 2 

BEAR TYPE IS REPETITIF PULSE 

CALCULATION DOES NOT INCLUDE SRS 

BEAR PROFILE IS TRUNCATED GAUSSIAN 

AEROSOL TYPE IS DUST/NONVAPORIZING RATERIALS 

NO TILT CONTROL (BEAN UAWDER INCLUDED) 

LINEAR EFFECTS INCLUDED BEFORE BLOORING CALCULATIONS 

DO NOT CHECK FOR BREAKWUN 

EXPONENTIAL AEROSOL EXTINCTION SCALING ASSUIIED IW VAWRIUTIOl RODEL 

APPROXIRATE RIE EFFICIENCY FACTORS USED 

NEGLIGIBLE RECONDENSATION ASSUllED BETUEEN PULSES 

EPS = ,9715 ROEV = 1.0955E-02 CND = ,7843 

OFF = 9.9404E-02 NONEQ = 5.8576E-02 EQUIL = 1.014 

DEFAULT VALUES FOR MITER: 2.1818, ,0722, .83, ,5875, 2.139, 1.569 

Z PEAK AVG AREA 
(H) (KU/CN**2) (KU/CR**2) (CR**2) 

.0000 1.472124E-02 9.305597E-03 3.396454E93 

37.5000 1.485770E-02 9.391856E-03 3.344767E93 

75.0000 1.50068X-02 9.486 118E-03 3.29186X93 

112.5000 1.516191E-02 9.584159E-03 3.239313E63 

150.0000 1.532278E-02 9.685847E-03 3.187193E63 

187.5000 1.548954E-02 9.791255E-03 3.135505E93 

412.5000 1 .665224E-02 1.05262.E-02 2.834510E43 

637.5000 1.808183E-02 1.142990E-02 2.547063E43 

862.5000 1.985202E-02 1.254887E-02 2.271406E43 

863.5000 1 .966057E-02 1 .242785E-02 2.270376E93 

1088.5000 2.142313E-02 1.354200E-02 2.046034E63 

1313.5000 2.399728E-02 1.516917E-02 1.798190E+03 

1538.5000 2.714392E-02 1.715823E-02 1.568462E+03 

1763.5000 3.101528E-02 1.960539E-02 1.356859E63 

1988.5000 3.581374E-02 2.263860E-02 1.163392E+03 

2213.5000 4.180747E-02 2.642736E-02 9.880774E+02 

2438.5000 4.934759E-02 3.119363E-02 8.309362E92 



2663.5000 5.887954E-02 3.721897E-02 6.919987Ed2 

2888.5000 7.092854E-02 4.483539E-02 5.713073E42 

3113.5000 8.600856E-02 5.436778E-02 4.689231E42 

3338.5000 1.043505E-01 6.596208E-02 3.849342E92 

3563.5000 1.252962E-01 7.920234E-02 3.194670Ed2 

3788.5000 1.463479E-01 9.250953E-02 2.726917E92 

4013.5000 1.625927E-01 1.027782E-01 2.448127E92 

4238.5000 1.682752E-01 1.063702E-01 2.360193Ed2 

4463.5000 1.608746E-01 1.016921E-01 2.46404Kd2 

4500.0000 1.585793E-01 1.002412E-01 2.498947E42 
~t~ttt~tt~~tt*ttttt*t~ttttttntttttttttftttttt#t#ttttt*tttt OIJTpm tttttt*ttttt*ttsttt*tttttt**ttt**tttttttttt1:*tt#~.ttttttttttt 

RP OPTION 

KEY: DL = DIFFRACTIOI-LINITED T = IURBULEKE J = JITTER B = BLOONING 0 = OPTIHUH POUER 
DL TJ B + BTJ + 0 + BTJO 

-------------------------------------------------------------------------------------------.. ------------------------------------------------------------------------------------------------------------., 

RADIUS OF EXP(-1) BEAR (CN) 4.314EdO 8.355E*00 5.015Ed0 8.919E*00 5.015Ed0 8.919E+00 

AREA OF EXP(-1) BEAR (CN**2) 5.848Edl 2.193E42 7.901Edl 2.499E102 7.901E+Ol 2.499E+02 

TINE AVERAGE OF SPATIAL PEAK INTENSITY 
(KU/CN**2) 6.776E-01 1.807E-01 5.015E-01 1.586E-01 5.015E-01 1.586601 

TINE AVERAGE OF SPATIAL AVERAGE IlTElSIN 

OVER CIRCLE OF EXP(-1) RADIUS 

(KU/CN*B) 4.283E-01 1.142E-01 3.170E-01 1.002E-01 3.170E-01 1.002E-01 

TIRE AVERAGE OF SPATIAL AVERAGE INTENSIN 

OVER CIRCLE OF SPECIFIED RADIUS RAV 
(KU/CN**2) 1.261E-03 1.261E-03 1.261E-03 1.261E-03 1.261E-03 1.261E-03 

FLUENCE (KJ/CN**2) 1.355E-01 3.614E-02 1.003E-01 3.172E-02 1.003E-01 3.172E-02 

PEAK INTENSIN PER PULSE (RUICN**2) 1.355Edl 3.614E+00 1.003Edl 3.172E+00 1.003Ed1 3.172E+00 

OPTINUH ENERGY PER PULSE (KJOULE) 

1.000Ed1 1.000E+01 
------------------------------------------------------------------------------------------------- ........................................................................................................ 
FRACTION OF IWITIAL WUER PROPAGATED TO RANGE OF InTEREST = 7.9256E-01 
PHICON = 1.6875E46 

ZMI ALPABS ALPEXT BZETA XB HBZ SFBD ALPBD BZETJ B 

(IN) (l/KN) (IIKN) (IIKII) 
-----------------------------------------------------------------------------------------------------.---- ----------------------------------------------------------------------------------------------------------.---- 
.00 ,12200 ,16700 1 ,0000 0.00000Eq 1.0000 1.0000 0.00000E*00 1 .OOCO 

.04 .I1899 ,16288 ,99391 ,33513 1.0000 1.0000 0.00000E+00 .993E 1 

.08 ,11605 ,15886 ,98801 ,54995 1.0109 1.0000 0.00000E+00 .988C 1 

.ll ,11318 ,15493 .98228 ,75671 1.0182 1.0000 O.OOOOOE+00 ,98228 

.15 .I1039 .I5111 ,97673 ,96063 1.0254 1.0000 0.00000E*00 .97673 

.19 .I0766 .I4738 ,97135 1.1618 1.0329 1.0000 0.00000E*00 ,97135 

.41 9.26678E-02 ,12685 ,94402 2.3164 1.0404 1.0000 0.00000E+00 ,94402 

.64 7.97599E-02 .lo918 ,92111 3.2126 1.0884 1.0000 O.OOOOOE+OO ,92111 

.86 6.86500E-02 9.39717E-02 ,90184 3.6862 1.1311 1 .WOO 0.00000E*00 ,90181 

.86 1.6417 10.144 ,89274 3.7005 1.1556 1.0000 0.00000E+00 ,89271 

1.09 5.90482E-02 8.08283E-02 ,87665 6.8291 1.1563 1.0000 0.00000E+00 ,87665 

1.31 5.08233E-02 6.95696E-02 ,86303 6.8291 1.3511 1.0000 0.00000E*00 ,8630 1 
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1 5 4  4.37440E-02 5.98791E-02 ,85148 6.8291 1.3511 

1.76 3.76508E-02 5.15384E-02 ,84167 6.8291 1.3511 

1.99 3.24063E-02 4.1359%-02 ,83331 6.8291 1.3511 

2.21 2.78924E-02 3.81806E-02 ,82618 6.8291 1.3511 

2 44 2.40072E-02 3.28623E-02 ,82009 6.8291 1.3511 

2.66 2.06632E-02 2.82849E-02 .El489 6.8291 1.3511 

2.89 1.77850E-02 2.43450E-02 ,81044 6.8291 1.3511 

3.11 1 ,53077E-02 2.09539E-02 ,80663 6.8291 1.3511 

3.34 1.31754E-02 1.80352E-02 ,80336 6.8291 1.3511 

3.56 1.13402E-02 1.55231E-02 ,80056 6.8291 1.3511 

3.79 9.76060E-03 1.33608E-02 ,79816 6.8291 1.3511 

4.01 8.40103E-03 1.14998E-02 ,79609 6.8291 1.3511 

4.24 7.23083E-03 9.89795E-03 ,79432 6.8291 1.3511 

4.46 6.22364E-03 8.51924E-03 ,79280 6.8291 1.3511 

4.50 6.07402E-03 8.31444E-03 ,79256 6.8291 1.3511 

VOL EXT. COEF = 1.0050E-02 

VOL ABS COEF = 2.9131E-03 

nlss c o ~ c  = 7283. 

nrss CL = 7283. 

NASS OPTICAL DEPTH = 1.0050E-02 

NOUN. D RANGE = ,1917 

* * * * * * * * * * * * t * * t f * t * * * * * * * * * t# t * * t t * t * t t * * * * *  END OF CASE 1 *****ti 

.............................. INpm ............................... 
PARTICLE SIZE FACTOR. . . . . . . . . .  2.00 

CONTROL PARAllETERS 
---------------- ---------------- 

UAVEFOUH SPECIFIER (IDBI) .................................... 4 

SLEV OPTION (IDSLN) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 
. . . . . . . . . .  NMBER OF INTEGRATION STEPS IN PHASE INTEGRAL (NPT) 20 

TILT CONTROL OPTIOl (IDTLCO) ................................. 0 
OPTIONAL INTERACTION OF LINEAR EFFECTS VITH BLWUINC (IDES) . 0 

CONTINUlUS UAVE OR REPETITIVE PULSE OPTION (IDCVRP) .......... 1 

LASER PARAMETERS 
--------------- --------------- 

... . . . . . . . . . . . . . .  LASER YAVELENCTH (VVLCTH, IIICROHETED) 10.6000 

APERTURE DIAMETER (DIM , METED) . . . . . . . . . . . . . . . . . . . . . . .  l.oooo 

BEAN POVER (POVER, KILOVATTS) . . . . . . . . . . . . . . . . . . . . . . . . . .  5.080E+06 

MAXI MU M BEAN POWER DELIVERABLE (POVMAX, KILOVATIS) . . . . .  1.100~*07 

................. ENERGY PER PULSE (ENGPUL, KILOJOULES) .1.0000E+Ol 

nAxInun ENERGY DELIVERABLE PER PULSE 

(ENGH AX, KILOJOULES) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . l .  0000E*01 

PULSE REPETITION RATE (PRF, SEC-1) . . . . . . . . . . . . . . . . . . . . .  5.0000 

PULSE DURATION TInE (TO, SECONDS) ...................... 1.000E-05 

BEAM qUALITY (TIISDL) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.3900 

ONE SICHA HIGH FREqUENCY JITTER ANGLE 

(THJH, MICRORADIANS) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  io.oooo 

ONE SIGHA LOU FREQUENCY JITTER AlCLE 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (THJL . MICRORADI INS) 5.0000 

ENVIRONMENTAL PARAHETERS 
........................ ...................... 

. . .  . HAGNITUDE OF UIND AT REFERENCE HEIGHT (UINDO, HlSEC) 1 0000 

REFERENCE HEIGHT (HVINOO, METERS) . . . . . . . . . . . . . . . . . . . . . .  1.0000 

MIND DIRECTION (ANGVND, DEGREES) . . . . . . . . . . . . . . . . . . . . . . .  220.0000 

EXPONEWT IN UIND WUER LAU (UNDWO) . . . . . . . . . . . . . . . . . . . . .  1429 
REFRACTIVE INDEX STRUCTURE CONSTART 

(CNSqO, b*(-213)) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8.400E.14 
EXPONENT IN REFRAClIK INDEX STRUCTURE CONSTANT 

POVER LAU (CNSqPU) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .1.0750 
CN2 PROFILE OPTION (CN2PRO) ................................ 1.0000 
UIND PROFILE OPTION (YINPRO) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.0000 

qUANTIN COMBINING SEVERAL ATMOSPHERIC VARIABLES 

(SCRPTS, H**3/JOULE) ................................ 1.650E.09 

ABSORPTION COEFFICIENT (ABSDR, IIKM) . . . . . . . . . . . . . . . . . . . .  1220 

SCATTERING COEFFICIENT (ABSSCA, 1IKM) . . . . . . . . . . . . . . . . . . .  0450 

SCALE HEIGHT FOR ABSORPTION COEF . (HA, 11) . . . . . . . . . . . . .  1 . 0000 
SCALE HEIGllT FOR SCATTERING COEf . (HS, KH) . . . . . . . . . . . . .  1.0000 

APERTURE HEIGHT ABOVE GRGUND (HTDEV, METERS) . . . . . . . . . . .  1.0000 

TARGET HEIGHT ABOVE CROURD (HTTAR, METERS) ............. 3001.0000 

RANGE FROM LASER TO TARGET (RANGE, KM) ................. 4.5000 

DEFOCUSING INCREMENT (DRNGFO, KM) . . . . . . . . . . . . . . . . . . . . . . .  0000 

RANGE FROM TARGET TO PROJECTED IHPACT POINT (RHT, KH) . . 5.0000 

X-COORDINATE OF PROJECTED IMPACT POINT (XT, KH) . . . . . . . .  4.0000 

Y-COORDINATE OF PROJECTED IHPACT POINT (YT, KM) ........ 1.0000 

TRAJECTORY ANGLE (TRAJAN, DEGREES) . . . . . . . . . . . .  .,. . . . . . . . .  0000 

BEARING OF TARGET (BEARAN . DEGREES) . . . . . . . . . . . . . . . . . . . .  30.0000 
ANGULAR SLEW RATE (SLUVEL, RADISEC) OR SPEED OF 

LASER (HlSEC) OR SPEED OF TARGET (MlSEC) 

(DEPENDS ON IDSLEU OPTION) . . . . . . . . . . . . . . . . . . . . . . . . . . .  50.0000 
RADIUS OF CIRCLE FOR EXPRESSING AVERAGE INTENSITY 

(RAV, CENTIHETERS) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  100.0000 

BREAKDWN AND VAPORIZATION PARAMETERS 
................................... .................................... 

BREAKDoWN OPTION (IBRK) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 

AEROSOL TYPE (IAER) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  -1 

PRINT OPTION (IPRTOP) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 

RANGE TO LEADING EDGE OF CLOUD (RNGA, KM) .............. .90 

CLOUD LENGTH (LA, METERS) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.00 

CLOUD TRANSHITTANCE (TI) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9900 

NUHBER OF PHASE INTEGRAL STEPS IN CLOUD (NPA) . . . . . . . . . .  1 

AIR TEHPEIUTURE (TATH, K) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  17.5000 
PRESSURE (PATH, ATH) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9800 

RELATIVE HUllDITY (RELH, 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . .  87.5000 
MASS EXTIHCTION COEFFICIENT (MEC, H**2/G) . . . . . . . . . . . . . .  1.3800 

MASS ABSORPTION COEFFICIENT (HAC, H**2lG) . . . . . . . . . . . . . . .  4000 
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ABSORPTION HEATING FRACTION (FAH) . . . . . . . . . . . . . . . . . . . . .  ,5400 

. . . . . . . . . .  STANDARD DEVIATION OF SIZE DISTRIBUTION (SIC) 1.9300 

BOILING TEMPERATURE (TBOIL, K) . . . . . . . . . . . . . . . . . . . . . . . . .  408.0000 

BULK RATERIAL DENSITY (ROA, C/CH**3) . . . . . . . . . . . . . . . . . . .  1.4460 

BULK HATERIAL SPECIFIC HEAT (CPA, JIG K) . . . . . . . . . . . . . . .  2.5000 

VAPOR SPECIFIC HEAT (CPV, JIG K) . . . . . . . . . . . . . . . . . . . . . .  2.0000 

HEAT OF VAPORIZATION (LHA, JIG) . . . . . . . . . . . . . . . . . . . . . . . .  3162.00 

EVAPORATION COEFFICIENT (EPSA) . . . . . . . . . . . . . . . . . . . . . . . .  ,0400 

VAPOR DIFFUSION COEFFICIENT (DCA, CH**21SEC) . . . . . . . . . . .  ,2500 

VAPOR GAS CONSTANT (RGA, JIG K) . . . . . . . . . . . . . . . . . . . . . . . .  ,0849 

AIR THERHAL CONDU(;?IVITY ([AIR, V/CR K) . . . . . . . . . . .  : . . . .  2.55OE-04 
VAPOR HOLECULAR VEIGHT (HV, GlHOLE) . . . . . . . . . . . . . . . . . . . .  98.0000 

RECORDENSATION OPTION (IRECON) . . . . . . . . . . . . . . . . . . . . . . . . .  0 

EXPONENTIAL AEROSOL SCALING OPTION (EXEXSC) ............ 1 

EXACT HIE EFFICIENCY FACTOR OPTION (DATAP) . . . . . . . . . . . . .  2 

BEAU TYPE IS REPETITIVE PULSE 
CALCULATION DOES INCLUDE SRS 

DOES NOT INCLUDE BREAKDOW AND EXTINCTION ATTENUATION IN ENERGY OR POVER PASSED TO SRS ROUTINE 
SRS CALCULATION IS VIBRATIONAL 

BEAU PROFILE IS UNIFORH CIRCULAR, 10 PERCENT OBSCURATION 
AEROSOL TYPE IS DUST/NONVAPORIZING HATERIALS 

NO TILT CONTROL (BEAR VANDER INCLUDED) 

LINEAR EFFECTS INCLUDED BEFORE BLOOHING CALCULATIONS 

DO NOT CHECK FOR BREAKDOVN 

EKPONENTIAL AEROSOL EXTINCTION SCALING ASSUHED IN VAPORIZATION HODEL 
APPROXIHATE HIE EFFICIENCY FACTORS USED 
NEGLIGIBLE RECONDENSATION ASSUHED BETVEEN PULSES 
EPS = ,9715 ROEV = 1.0955E-02 CND = ,7843 

DFF 9.9404E-02 NONE9 = 5.8576E-02 EqUIL = 1.014 

DEFAULT VALUES FOR VATER: 2.1818, ,0722, .83, ,5875, 2.139, 1.569 

Z PEAK AVG AREA 
(n) (KVICH**~) (KV/CR**~) (cnttz) 

0000 1.870761E-02 1.182546E-02 2.672709E+03 

37.5000 1.898287E-02 1 .199946E-02 2.628525E63 

75.0000 1.926542E-02 1.217807E-02 2.584746E*03 

112.5000 1.955545E-02 1.236140E-02 2.541375E103 

150 .OM0 1.985316E-02 1 254959E-02 2.498413E63 

187.5000 2.015877E-02 1.274277E-02 2.455864D03 

412.5000 2.218104E-02 1.402109E-02 2.209505E103 

637.5000 2.454092E-02 1.551282E-02 1.979159E63 

862.5000 2.723969E-02 1 ,721877E-02 1.768824E103 

863.5000 2.697970E-02 1.705443E-02 1.767947E63 

1088.5000 2.976434E-02 1.881465E-02 1.591077E+03 

1313 5000 3.108707E-02 1.965078E-02 1.513575E*03 

1538.5000 2.200889E-02 1.391227E-02 2.125472E63 

1763.5000 1.920013E-02 1.213680E-02 2.423577E43 

1988.5000 1.621720E-02 1.025122E-02 2.855613E63 
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2213.5000 1.343959E-02 8.495442E-03 3.430701E43 

2438.5000 1.104743E-02 6.983307E-03 4.156791E43 

2663.5000 9.076296E-03 5.737314E-03 5.040782E43 

2888.5000 7.488451E-03 4.733604E-03 6.088654E43 

31 13.5000 6.221117E-03 3.932497E-03 7.305608E103 

3338.5000 5.210694E-03 3.293787E-03 8.6962631143 

3563.5000 4.402032%-03 2.782615E-03 1.026501E44 

3788.5000 3.750669E-03 2.370875E-03 1.201599E44 

4013.5000 3.221929E-03 2.036648E-03 1.395312E44 

4238.5000 2.789178E-03 1.763097E-03 1.607999E44 

4463.5000 2.432032%-03 1.537338E-03 1.839999E44 

NO RAUAN CONVERSION Z = 4 .5OE*03. 
4500.0000 2.380088E-03 1.504503E-03 1.879476ElOl 

********************##**********************#****#** a ........................................................... 
RP OPTION 

KEY: DL = DIFFUACIIMI-LIlITED T = NRBULEICE J = JITTER B = BL00lING 0 = OPTIUUH POVER 
DL + TJ + B BTJ + 0 BTJO 

----------------------------------------------------------------------------------------------- .......................................................................................................... 
RADIUS OF EXP(-1) BEAl (CU) 5.131E*00 7.733E*01 5.14SE*00 7.735E*01 5.145Et00 7.735Et01 

AREA OF EXP(-I) BEAN (CH**2) 8.272E101 1.879E+O4 8.315E41 1.879E+04 8.315E61 1.879E*04 

TIRE AVERAGE OF SPATIAL PEAK INTENSIN 

(KU/CU**2) 5.408E-01 2.381E-03 5.380E-01 2.380E-03 5.380E-01 2.380E-03 

TIUE AVERAGE OF SPATIAL AVERAGE INTENSIN 

OVER CIRCLE OF EXP(-1) RADIUS 

(KU/CII**~) 3.418E-01 1.505E-03 3.4OlE-01 1.50SE-03 3.401E-01 1.505E-03 

TIUE AVERAGE OF SPATIAL AVERAGE INTENSITY 

OVER CIRCLE OF SPECIFIED RADIUS RAY 
(XV/CU**2) 1.424E-03 1.156E-03 1.424E-03 1.156E-03 1.424E-03 1.156E-03 

FLUENCE (KJ/Cl**2) 1.082E-01 4.762E-04 1.076E-01 4.760E-04 1.076E-01 4.760E-04 

PEAK INTENSITY PER PULSE (lV/Cl**2) 1.082E41 4.762E-02 1.076E101 4.760E-3-02 1.076E*Ol 4.760E-02 

oPTIna ENERGY PER WISE (KJWLE) 
1.000E41 1.00OE*O 1 

------------------------------------*------------------------------------------------ ----------------------------------------------------------------------------------------------------- 
FRACTION OF INITIAL PWER PROPAGATED TO RANGE OF INTEREST = 8.9466E-01 
PHICON = 3.5645E*05 

ZETI ALPABS ALPEXT BZETA XB HBZ SFBD ALPBD BZETAB 

(~111 (11~n) (IIKII) ( 1 1 ~ ~ )  
--------------------------------------------------------------------------------------------------------- ................................................................................................................ 
.OO 1.116471-02 5.61647E-02 1.0000 0.00000EdO 1.0000 1.0000 0.00000E*00 1 ,0003 

.04 1.11268E-02 5.50158E-02 ,99794 1.76427E-02 1.0000 1 .0000 0.00000E*00 .9979i 

.08 1.10892E-02 5.38945E-02 ,99592 3.54870E-02 1.0003 1.0000 0.00000E*00 .9959! 

.ll 1.10518E-02 5.28002E-02 ,99395 5.35386-02 1.0007 1.0000 0.00000E+00 ,99395 

.15 1.10145E-02 5.17322E-02 ,99203 7.18035E-02 1.0010 1. 0000 O.OOOOOE~OO ,99203 

.19 1.09774E-02 5.06898E-02 ,99014 9.02877E-02 1.0014 1.0000 0.00000E*00 ,99014 

.41 1.07590E-02 4.49397E-02 ,98018 ,20650 1.0017 1.0000 0.00000E+00 .980111 

.64 1.05470E-02 3.99666E-02 ,97141 ,26414 1.0040 1.0000 0 .OOOOOE+OO ,9714:. 

.86 1.03412E-02 3.56629E-02 ,96364 ,26414 1.0051 1.0000 0.00000E+00 ,9636': 



4.50 7.66246E-03 9.90288E-03 ,89466 ,26414 1.0051 1.0000 0.00000E*00 .89466 

VOL EXT. COEF = 1.0050E-02 

VOL ABS COEF = 2.9131E-03 

IIASS CONC = 7283. 

!ASS CL = 7283. 

nlss OPTICAL DEPTH = ~.OOSOE+I~  

N0RII.D RANGE = ,1917 

PARTICLE SIZE FACTOR. . . . . . . . . .  2.00 

CONTROL PARAIIETEPS 

YAVEFORH SPECIFIER (IDBI) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 

SLEW OPTION (IDSLEU) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 
. . . . . . . . . .  NUIIBER OF INTEGRATION STEPS IN PHASE IITEGRAL (IPT) 20 

TILT CONTROL OPTION (IDTLCD) ................................. 0 

OPTIONAL INTERACTION OF LINEAR EFFECTS VITH BLoonInG (IDRSS) . o 
CONTINUOUS YAVE OR REPETITIVE PULSE OPTION (IDCYRP) .......... 0 

LASER PARAIIETERS 

LASER YAVELENCTH (YVLCTH, NICRONETERS) ................. 10.6000 

APERTURE DIAIIETER (DIAK, METERS) . . . . . . . . . . . . . . . . . . . . . . .  1.OM)O 

BEAH POWER (POWER, XILOVATTS) . . . . . . . . . . . . . . . . . . . . . . . . . .  5.080E*06 

IIAXIHUII BEAN POUER DELIVERABLE (POVIIAX, KILOYATTS) . . . . .  1.100E*07 

ENERGY PER PULSE (ENGPUI., KILOJOULES) . . . . . . . . . . . . . . . . .  . 1  .0000E*01 

nixInun ENERGY DELIVERABLE PER WLSE 

(EHGRIX, KILOJLULES) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .1.0000E+01 

PULSE REPETITION RATE (PRF, SEC-1) . . . . . . . . . . . . . . . . . . . . .  5.0000 

PULSE DURATION TINE (TO, SECONDS) . . . . . . . . . . . . . . . . . . . . . .  1.000E-05 

BEAN QUALITY (TINSDL) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.3900 



ONE SIGHA HIGH FREQUENCY JITTER ANGLE 

(THJH. HICRORAOIANS) ................................. 10.0000 

ONE SIGMA UIV F R E W N C Y  JITTER ANGLE 
(THJL. HICRORADIANS) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5.0000 

ENVIROMENTAL PARAHETEE 
......-........-... ..................... 

HAGNITUDE OF VIND AT REFERENCE HEIGHT (VINDO, HlSEC) ... 1.0000 

REFERENCE HEIGHT (HVINDO, HETERS) ...................... 1 . 0000 

VIND DIRECTIDI (ANGVND, DEGREES) . . . . . . . . . . . . . . . . . . . . . . .  281.8478 
EXPONENT IN MIND WYER LAY (VNDWV) . . . . . . . . . . . . . . . . . . . . .  1429 
REFRACTIVE INDEX STRUCTURE CONSTANT 

(CNSQO, a**(-2/31) ................................... 8.400~.14 
EXPONENT IN REFRACTIVE INDEX STRUCTURE CONSTANT 

POUER LAY (CNSQPV) ............................... .1.0750 

CN2 PROFILE OPTION (CN2PRO) ................................. 1.0000 
MIND PROFILE OPTION (VINPRO) ................................ 1.0000 
QUANTITY CDNBIIIHG SEVERAL ATHOSPHERIC VARIABLES 

(SCRPTS, H**3/JOULE) ................................. 1.650E.09 
ABSORPTION COEFFICIENT (ABSOR, 11KH) . . . . . . . . . . . . . . . . . . . .  1220 
SCATTERING COEFFICIENT (ABSSCA, 1IKH) . . . . . . . . . . . . . . . . . . .  0450 
SCALE HEIGHT FOR ABSORPTIDI COEF . (HA, KH) . . . . . . . . . . . . .  1.0000 

SCALE HEIGHT FOR SCATTERING COEF . (HS, Kt!) ............. 1.0000 

APERTURE HEIGHT ABOVE GROUND (HTDEV, IETERS) ........... 1.0000 

TARGET HEIGHT ABOVE GROUllD (HTTAR, HETERS) ............. 3001.0000 
RANGE FROM LASER TO TARGET (RANGE, KH) ................. 4.5000 

DEFOCUSING IHCREHENT (DRNGFO, KH) . . . . . . . . . . . . . . . . . . . . . . .  0000 

RANGE FRO1 TARGET TO PROJECTED IHPACT POINT (RHT, KH) . . 5.0000 

X-COORDINATE OF PROJECTED IHPlCT POINT (XT, 111) ........ 4.0000 

Y-COORDINATE OF PROJECTED IHPACT POINT (YT, KI) ........ 1.0000 

TRAJECTORY ANGLE (TRIJAN, DECREES) . . . . . . . . . . . . . . . . . . . . . .  0000 
BEARING OF TARGET (BEARAN, DEGREES) .................... 30.0000 

ANGULAR SLEU RATE (SLWEL, RADISEC) OR SPEED OF 

LASER (HISEC) OR SPEED OF TARGET (HISEC) 

(DEPENDS 01 IDSLEV OPTIMI) ........................... 50.0000 

RADIUS OF CIRCLE FOR EXPRESSING AVERAGE INTENSITY 

(RAV, CENTIHETERS) ................................... 100.0000 
BREAKWVI AND VAPORIZATION PARAHETEE 
............................ .................................. 

BREAKDOUN OPTION (IBRK) ................................ 0 

AEROSOL TYPE (IAER) .................................... -1 

PRINT OPTION (IPRTOP) .................................. 0 

RANGE TO LEADING EDGE OF CLOUD (RIGA, la) .............. .90 

CLOUD LEIGTA (LA, IETERS) .............................. 1.00 
CLOUD TRANSHITTANCE (TI) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9900 

NUHBER OF PHASE INTEGRAL STEPS IN CLOUD (NPA) . . . . . . . . . .  1 

AIR TEHPERATURE (TAT!, K) .............................. 17.5000 

PRESSURE (PATH, ATH) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9800 



ATTENUATIOII IN ENERGY OR POYER PASSED TO SRS ROUTINE 

RELATIVE HUnIDITY (RELH, %) . . . . . . . . . . . . . . . . . . . . . . . . . . . .  87.5000 

!ASS EXTINCTION COEFFICIENT (!LC, 1**216) . . . . . . . . . . . . . .  1.3800 

IASS ABSORPTION COEFFICIENT (MAC,  M**~IG) . . . . . . . . . . . . . .  ,4000 

ABSORPTION HEATING FRACTIM (FAH) . . . . . . . . . . . . . . . . . . . . . .  ,5400 

STAlDARD DEVIATION OF SIZE DISTRIBUTION (SIG) . . . . . . . . . .  1.9300 

BOILING TEIPERATUE (TBOIL, K) . . . . . . . . . . . . . . . . . . . . . . . . .  408.0000 

. . . . . . . . . . . . . . . . . . .  BULK MATERIAL DENSITY (RI)A, G/CI**3) 1.4460 

BULK RATERIAL SPECIFIC HEAT (CPA, JIG K) ............... 2.5000 

VAPOR SPECIFIC HEAT (CPV, JIG n) . . . . . . . . . . . . . . . . . . . . . . .  2.oooo 

HEAT OF VAPORIZATION (LHA, JIG) . . . . . . . . . . . . . . . . . . . . . . . .  3162.00 

EVAPORATIOII COEFFICIENT (EPSA) . . . . . . . . . . . . . . . . . . . . . . . . .  ,0400 

VAPOR DIFFUSION COEFFICIENT (DCA, CU**2/SEC) . . . . . . . . . . .  ,2500 

VAPOR GAS CONSTANT (RGA, JIG K) . . . . . . . . . . . . . . . . . . . . . . . .  ,0849 

AIR THERIAL CONDUCTIVIN (KAIR, YICI K) ................. 2.550E-04 

VAPOR IOLECULAR YEIGHT (RV, GlROLE) .................... 98.0000 

RECONDENSATION OPTION (IRECOI) . . . . . . . . . . . . . . . . . . . . . . . . .  0 

EXPONENTIAL AEROSOL SCALING OPTION (EXEXSC) ............ 1 

EXACT IIE EFFICIENCY FACTOR OPTION (DATAP) . . . . . . . . . . . . .  3 

BEAM TYPE IS CONTINUOUS YAVE 
CALCULATION DOES INCLUDE SRS 

DOES NOT INCLUDE BREAKDOW AND EXTINCTION 

SRS CALCULATION IS VIBRATIONAL 

BEAU PROFILE IS UNIlORll CIRCULAR 

AEROSOL TYPE IS DUST/NONVAWRIZIYG IATERIALS 

NO TILT CONTROL (BEAU WANDER INCLUDED) 

LINEAR EFFECTS INCLUDED BEFORE BLOOIING CALCULATIONS 

DO NOT CHECK FOR BREAKWUN 

EXPONENTIAL AEROSOL EXTINCTION SCALING ASSUMED IN VAPORILATION MODEL 

CALL AGAUS TO CALCULATE UIE EFFICIENCY FACTORS. 

NEGLIGIBLE RECONDENSATION ASSUllED BETVEEN PULSES 

WON-VAPORIZING RATERIAIS IN CLOUD. 

NO CALL TO ACAUS NECESSARY. 

EPS 2 .9715 ROEV = 1.0955E-02 CND = ,7843 

DFI = 9.9404E42 NOlEq = 5.8576E-02 EqUIL = 1.014 

DEFAULT VALUES FOR YATER: 2.1818, ,0722, .83, ,5875, 2.139, 1.569 

Z= .O ALPHA= 2.40999E-06 

Z PEAK AVG AREA 
( I )  (KYICI**2) (KU/CU**2) (CM**2) 

.0000 1.293612E*03 8.177185E*02 3.926990E63 

Z= 2.50000E-02 ALPHA= 2.37199E-06 

37.5000 5.953927E+02 3.763600Et02 8.517396E63 

Z= 5.00000E-02 ALPHA- 2.33400E-06 

75.0000 3.498149Et02 2.211252E102 1.447227Eflt 

Z= 7.50000E-02 ALPHA- 2.29600E-06 

112.5000 2.339040P02 1.478556EtO2 2.160828Ed4 

Z= .1  ALPHA: 2.25799E-06 

150.0000 1.695341E*02 1.071660E*02 2.976466E64 



2- ,125 ALPHA= 2.22000E-06 

187.5000 1.298502E*02 8.208099E+01 3.880006E44 

Z= ,275 ALPHA- 2.00500E-06 

412.5000 4.732026E*01 2.991211E*01 1.056068Ed5 

Z= ,425 ALPHA- 1.85500E-06 

637.5000 2.690626*01 1.700800E*01 1.844293Ed5 

Z= ,574999 ALPHA= 1.72600E-06 

862.5000 1.836311E*01 1.160770E+01 2.685924E45 

Z= ,575666 ALPHA= 1.72552E-06 

863.5000 1 .024839E*01 6.478219E*OO 4.764396Ed5 

Z= ,725666 ALPHA= 1.61751E-06 

1088.5000 3.296978E-03 2.084088E-03 1.473198E69 

Z= ,875666 ALPHA= 1.51454E-06 

1313.5000 3.270474E-03 2.067334E-03 1.478382E69 

Z= 1.0257 ALPHA= 1.41357E-06 

1538.5000 3.24778%-03 2.052992E-03 1.482844E49 

Z= 1.1757 ALPHA= 1.31757E-06 

1763.5000 3.229616E-03 2.041507E-03 1 ,486092E69 

Z= 1.3257 ALPHA= 1.22157E-06 

1988.5000 3.214501E-03 2.031952E-03 1.488661E99 

Z= 1.4757 ALPHA= 1.12557E-06 

2213.5000 3.201994E-03 2.024046E-03 1.490643E*09 

Z= 1.6257 ALPHA= 1.04314E-06 

2438.5000 3.191618E-03 2.017488E-03 1.492162E49 

Z= 1.7757 ALPHA= 9.63345E-07 

2663.5000 3.182943E-03 2.012004E-03 1.493341E69 

Z= 1.9257 ALPHA= 8.83545E-07 

2888.5000 3.175617E-03 2.007373E-03 1.49428249 

Z= 2.0757 ALPHA= 8.09950E-07 

31 13.5000 3.169348E-03 2.003410E-03 1.495064E69 

Z= 2.2257 ALPHA= 7.42450E-07 

3338.5000 3.163912E-03 1.999974E-03 1.495746E49 

Z= 2.3757 ALPHA= 6.74950E-07 

3563.5000 3.159144E-03 1.996960E-03 1.496367E69 

Z= 2.5257 ALPHA- 6.11915E-07 

3788.5000 3.154912E-03 1.994285E-03 1.496955E69 

Z= 2.6757 ALPHA= 5.70515E-07 

40W. 5000 3.151105E-03 1.991878E-03 1.497527E69 

Z= 2.8257 ALPHA= 5.29115E67 

4238.5000 3.147649E-03 1.989694E-03 1.498093E69 

Z= 2.9757 ALPHA= 4.87715E-07 

4463.5000 3.144487E-03 1.987695E-03 1.498661E69 

Z= 3.0 ALPHA= 4.81000E-07 

NO RMAN COWVERSION Z = 4.50E103 

4500.0000 3.143981E-03 1.987375E-03 1.498753E49 
~ f ~ t t t S t ~ i t ~ t t ~ ~ ~ f f t t * * t * t t * * t * t * t t * t t * * t * t : * * t t * t * ~ ~  tts*t*t**s***ssrtt*t****t*s*tt t t t t~*t**t t t****t**t*t****~~****  
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KEY: DL = DIFFRAnION-LINITED T = TURBULENCE J = JITTER B = BLOONING 0 = OPTINUH POWER 

DL + TJ l B BlJ 0 + BTJO 
-----------------------------------------------------------------------------------------------------.--- .................................................................................................................. 
RADIUS OF EX~(- I)  BEAN (CN) 4.403E+00 7.729E*01 2.213E44 2.184Et04 8.885Et00 1.468E+C2 

AREA OF EXP(-1) BEAN (cII**~) 6.090E61 1.877E404 1.538E49 1.499E+09 2.480E42 6.768E+C4 

TINE AVERAGE OF SPATIAL PEAK INTENSITY 

(KW/CN**~)  7.738E64 2.511E*02 3.064E-03 3.144E-03 3.782E+00 2.470E-01 

TINE AVERAGE OF SPATIAL AVERAGE INTENSITY 

OVER CIRCLE OF EXP(-1) RADIUS 

(KW/CN**~) 4.891E64 1.587B02 1.937E-03 1.987E-03 2.390E+00 1.562E-01 

TINE AVERAGE OF SPATIAL AVERAGE INTEHSITY 

OVER CIRCLE OF SPECIFIED RADIUS RAY 

(KWICN**2) 1.500E62 1.219E+02 3.0 

66E-03 3.147E-03 2.985E-02 1.976E-01 

OPTIHUN POWER AT APERTURE (KW) 

1.011Ed3 1.803E*O4 
-------------------------------------------------------------------------------------------------------.- ---------------------------------------------------------------------------------------------------------.- 
FRACTION OF INITIAL POWER PROPAGATED TO RAHCE OF INTEREST = 9.2757E-01 

PHICON = 3.3700E106 

ZETI ALPABS ALPEXT BZETA Xb HBZ SFBD ALPBD BZETAB 

(IN) ( 1 1 ~ ~ )  (I/KN) (l/KN) 
...................................................................................................................... ...................................................................................................................... 

.00 2.41000E-03 4.74100E-02 1.0000 0.00000E40 1.0000 1.0000 0.00000E*00 1.0300 

.04 2.37200E-03 4.62609E-02 .99827 326.97 1.0000 1.0000 0.00000E+00 .99,327 

.08 2.33400E-03 4.51393E-02 ,99658 640.09 23.033 1.0000 0.00000E+00 .991358 

11 2.29600E-03 4.40445E--02 ,99493 940.25 70.790 1.0000 0.00000E*00 ,99493 

.15 2.25800E-03 4.29757E-02 ,99333 1228.2 141.05 1,0000 0.00000E+00 .99:133 

.19 2.22000E-03 4.19324E-02 ,99177 1504.7 230.99 1.0000 0.00000E+00 , 9977  
.4 1 2.005COE-03 3.61857E-02 ,98373 2959.8 338.11 1.0000 0.00000E+00 .98:173 

.64 1.85500E-03 3.12746E-02 .97683 4156.0 1236.9 1.0000 0.00000E*00 .97(183 

.86 1.726WE-03 2.70477E-02 ,97090 5179.4 2397.5 1,0000 0.00000E*00 ,97090 

.86 1.5748 10.077 .96117 7095.4 3692.6 1.0000 0.00000E*00 ,96117 

1.09 1.61752E-03 2.33976E-02 ,95612 4.27685E105 6866.5 1.0000 0.00000E*00 ,956 12 

1.31 1.51455E-03 2.02608E-02 ,95177 4.28481E105 2.43378Et07 1.0000 O.OOOOOE+OO ,95177 

1.54 1.41357E-03 1.75487E-02 ,94802 4.29200E45 2.44285E+07 1.0000 0.00000E+00 ,94802 

1.76 1.31757E-03 1.52052E-02 ,94479 4.29858E65 2.45105E*07 1.0000 0.00000E+00 .94479 

1.99 1.22157E-03 1.31747E-02 ,94199 4.30466Et05 2.45857Et07 1.0000 0.00000E+00 ,94199 

2.21 1.12557E-03 1.14138E-02 ,93957 4.31033E45 2.46553Et07 1.0000 0.00000E+00 ,93957 

2.44 1.04315E-03 9.89827E-03 ,93748 4.31567E45 2.47203E.07 1.0000 0.00000E+00 .93728 

2.66 9.63345E-04 8.58502E-03 ,93567 4.32079E105 2.47816Et07 1.0000 0.00000E+00 ,93557 

2.89 8.83545E-04 7.44358E-03 ,9341 1 4.32576E65 2.48404E407 1.0000 0.00000E+00 ,934 11 

3.11 8.09950E-04 6.45622E-03 ,93275 4.33063E65 2.48975E+07 1.0000 0.00000E+00 .932"5 

3.34 7.42450E-04 5.60224E-03 ,93158 4.33549E65 2.49536E+07 1.0000 0.00000E*00 .931!;8 

3.56 6.74950E-04 485781E-03 ,93056 4.34038EaS 2.50096E*07 1.0000 0.00000E+00 .930!;6 

3.79 6.11916E-04 4.21214E-03 ,92968 4.34530E65 2.50661Et07 1.0000 0.00000E*00 ,92968 

4.01 5.70516E-04 3.66926E-03 ,92891 4.35019E45 2.51230E+07 1.0000 O.OOOOOE+OO ,92821 

4.24 5.291 16E-04 3.19623E-03 ,92824 4.35443E45 2.51795Et07 1.0000 0.OOOOOE+OO .92854 



4.46 4.87716E-04 2.78332E-03 ,92766 4.35651E105 2.52286E*07 1 ,0000 0.00000E+00 ,92766 

4.50 4.81000E-04 2.7214E-03 ,92757 4.35656E65 2.52528Et07 1.0000 0.00000E~00 .92757 

VOL EXT. UIEF = 1. 0050E-02 

VOL ABS COEF = 2.9131E-03 

RASS CONC = 7283. 

RASS CL = 7283. 

RASS OPTICAL DEPTH = 1.0050E-02 

N0RR.D RANGE = ,1917 

~ ~ ~ t t ~ ~ ~ ~ * ~ t ~ t ~ ~ t t t * * * t * * t * t * t * * * * * * * * * * * t t * t * * *  END OF CASE 3 * t t t * * * * t * * * * t t t t t t t l i : t t * * t~cc t * tc tecc t t t * t * *4 : f t * * * t t * * *  

END EOSAEL RUll 

STOP 000 

5.5 Another Sample Run 

Using these auxiliary data files and the third sample data file, NOVAE03 .DA?', produces the 
sample output file NOVAE03. OUT. Here is the sample data file: 
WAVL 10.6 

VIS 7. 

NOVAE 

LASl 1.000 0.0 0.0 10.0 10.0 

LAS2 5.0 1 .E-5 1.39 10.0 5.0 

ATM 1 1 .O 1.0 220. 0.00 8.4E-14 -1.075 0 .  

ATM2 0.0 0.1220 0.0450 1 .O 1.0 1 .OC 3001 .O 

ATM3 0.0 1.0 10.0 0.  

TAR1 4.5 0.0 5.0 4. 1. 

TAR2 30. 30. 50. 

CTRL 100.0 1. 2. 0 .  20.0 0 .  0.0 

AVB 1 0.0 2.0 0.01 1.0 0.0 I .  1 .O 

AVB2 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 

AVB4 2.0 3162. 0.04 0.25 0.0849 2.55E-4 98. 

GO 

ATM 1 1 .O 1 .0  220. 0.00 8.4E-14 -1.075 1. 

ATM3 1 .O 1 .O 10.0 0.  

TAR1 4.5 0.0 5.0 4.  1. 

TAR2 0.  30. 50. 

AVB 1 0.0 2.0 0 -01 1 . O  0.0 1. 2 .O 

GO 

AVB 1 0.0 2.0 0.01 1.0 0.0 1. 3.0 

DONE 

END 



STOP 

# THE FOLLOWING IS EOSAEL SOURCE CONTROL INFORMATION YOU CAN SAFELY REMOVE IT 

# SCCS @(#) NOVAEO3.DAT 2.1 02/23/90 

IIere is the sample output file: 
............................................................................. 

VARNINC - THIS LIBRARY CONTAINS TECHNICAL DATA YHOSE EXWRT IS RESTIICTEb 
BY THE ARHS EXWRT CONTROL ACT (TITLE 22, U.S.C., SEC 2751 ET SEq.) 01 

EXECUTIVE ORDER 12470. VIOLATIM OF THESE EXPORT LAYS ARE SUBJECT TO 

SEVERE CRIHINAL PENALTIES. 

******#************#***#*##**************#*#*********St********#****** 

................................ 
* * 
* ELECTRO-OPTICAL SYSTElS * 
* * 
* ATHOSPHERIC EFFECTS * 
* * 
* LIBRARY * 
* * 
* EOSAEL87 REV 2.1 02/23/90 * 
* * 
................................ 

UIVL 10.6 

NOTE: THAT THE ABOVE CARD VAS HODIFIED FOR CONSISTENCY TO: 

U AVL .1060E+02 .106OE*02 .0000E+00 

BEGINNING EWDIRC 
WAVENUHBER (CH**-1) 943.396 943.396 

WAVELENGTH (HICROHETERS) 10.600 10.600 

FREWNCY (GHZ) 28301.885 28301. US 

VISIBILITY 

7.00 K R  
*********#************#******* 
* * 
* N O V A E  t 

* * 
* HIGH-ENERGY LASER BEAH * 
* ATHOSPHERIC PROPACATIOll CODE * 
* NOT FOR OPERATIONAL USE * 
* * 
* EOSAEL87 REV 2.1 02/23/90 * 
* * 
................................ 

$**#~*t***f****ft****ft***t*** INPUT *******#*tr*w****t*##*~tt# 

PARTICLE SIZE FACTOR.. . . . . . . . .  2.00 

CONTROL PARAHETERS 
----------------- ------------------ 

WAVEFORM SPECIFIER (IDBH) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 



SLEU OPTION (IDSLN) ......................................... 0 
. . . . . . . . . .  YUIBER OF INTEGRATION STEPS IN PHASE INTEGRAL (IIPT) 20 

TILT CONTROL OPTION (IDTLCU) ................................. 0 
OPTIONAL INTERACTION OF LINEAR EFFECTS UITH BLOOIIINC (IDRSS) . 0 

COUTIrmMIS UAVE OR REPETITIVE WLSE OPTION (IDCVRP) . . . . . . . . . .  1 

LASER PAMHETERS 
..........-.-. ..........-.... 

LASER UAVELEHCTH (UVLGM, HICROHETERS) ................. 10.6000 

APERTURE DIAIETFR (DIAH, IETERS) ....................... 1.0000 

BEAI PWER (WYER, KILOVATIS) .......................... 0.000E+00 
HAXIllUI BEAH POWER DELIVE!UBLE (WUUX, RILWATTS) ..... 0.000E*00 
ENERGY PER WLSE (ENGPUL, KILOJOULES) .................. I.OOWE+OI 
HAXIHUH ENERGY DELIVERABLE PER WLSE 

(ENGHAX, KILOJOULfS) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.0000E+01 

WLSE REPETITIM RATE (PRF, SEC-1) ..................... 5.0000 

PULSE DURATION TIHE (TO, SECONDS) ...................... 1.000E.05 
BEAH qvrlnv (TIHSOL) .................................. 1.3900 

ONE SIGHA HIGH FREQUENCY JITTER ANGLE 

(THJH, NICRORAOIANS) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10.0000 
ONE SIGHA LOU FREQUENCY JITTER ANGLE 

(THJL, HICRORADIANS) ................................. 5.0000 

ENVIRONHEWTAL PARAHETEPS 
......-.--.-...-.- ...................... 

HAGNITODE OF UIND AT REFERENCE HEIGHT (UINW), HlSEC) ... 1.0000 

REFEREllCE HEIGHT (HUINW, HETERS) . . . . . . . . . . . . . . . . . . . . . .  1 . 0000 
MIND DIRECTION (ANGUND, DEGREES) ....................... 220.0000 
EXPONENT IN VIND POWER LAU (UNDPW) . . . . . . . . . . . . . . . . . . . . .  1429 
REFRACTIVE INDEX STRUCTURE CONSTAllT 

(CNSQO, I**(-2/31) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8.400~.14 

EXPONENT IN REFRACTIVE INDEX STRUCTURE CONSTANT 

POUER LAU (CNSQPU) ............................... , . .1.0750 

CN2 PROFILE OPTION (CN2PRO) .................................. 0000 
UIND PROFILE OPTION (VINPRD) ................................. 0000 
QUANTITY COHBINING SEVERAL ATHOSPHERIC VARIABLES 

(SCRPTS, H**3/JOULE) ................................. 1.650E.09 
ABSORPTION COEFFICIEWT (ABSOR, 11~1) . . . . . . . . . . . . . . . . . . . .  1220 
SCATTERING COEFFICIEKI (ABSSCA, 1/KH) . . . . . . . . . . . . . . . . . . .  0450 
SCALE HEIGHT FOR ABSORPTION COEF . (HA, KH) ............. 1.0000 

SCALE HEIGHT FOR SCATTERING COEF . (HS, KH) . . . . . . . . . . . . .  1.0000 

APERTURE HEIGHT ABOVE GROUND (HTDEV, IETERS) ........... 1.0000 

TARGET HEIGHT ABOVE GROUND (HTTAR, HETERS) ............. 3001.0000 
RANGE FRO! LASER TO TARGET (RANGE, KI) . . . . . . . . . . . . . . . . .  4.5000 

DEFDCUSING INCREHENT (DRNGFO, KH) . . . . . . . . . . . . . . . . . . . . . . .  0000 
RARGE FROH TARGET TO PROJECTED IHPACT POINT (RHT, KH) . . 5.0000 

X-COORDINATE OF PROJECTED IHPACT POINT (XT, KH) ........ 4.0000 

Y-COORDINATE OF PROJECTED IHPACT POINT (YT, KH) ........ 1.0000 

TRAJECTORY ANGLE (TRAJAN, DEGREES) . . . . . . . . . . . . . . . . . . . . .  30.0000 
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. . . . . . . . . . . . . . . . . . . .  BEARING OF TARGET (BEARAN. DEGREES) 30.0000 

ANGULAR SLEW RATE (SLUVEL. RADISEC) OR SPEED OF 
LASER (MlSEC) OR SPEED OF TARGET (IISEC) 
(DEPENDS ON IDSLEU OPTION) . . . . . . . . . . . . . . . . . . . . . . . . . . .  50.MHX) 

RADIUS OF CIRCLE FOR EXPRESSING AVERAGE INTENSITY 
(RAV. CENTIMETERS) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i o o . o m  

BREAKDOYN AND VAWRIZATIOi PAMIIETERS 
........................... ............................... 

BREAKDOUN OPTIOII (IBRK) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 

AEROSOL TYPE (IAER) .................................... 2 

PRINT OPTION (IPRTOP) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 

RANGE TO LEADING EDGE OF CLOUD (RNGA. KM) . . . . . . . . . . . . . .  .90 

CLOUD LENGTH (LA. METERS) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.00 

CLOUD TRANSMITTANCE (TI) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9900 

NUHBER OF PHASE INTEGRAL STEPS IN CLOUD (NPA) .......... 1 

AIR TEMPERATURE (TATM, C) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  17.5000 

PRESSURE (PATM, ATM) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9800 

RELATIVE HUMIDITY (RELH, 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . .  87.5000 

REAL PART OF REFRACTIVE INDEX (NR) . . . . . . . . . . . . . . . . . . . . .  1.3800 

IMAGINARY PART OF REFRACTIVE INDEX (HI) . . . . . . . . . . . . . . . . .  4000 

MEDIAN HASS RADIUS OF SIZE DISTRIBUTION 
(RM , IIICROIIEIERS) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5400 

STANDARD DEVIATION OF SIZE DISTRIBUTION (SIC) . . . . . . . . . .  1.9300 

BOILING TEIIPERITURE (TBOIL. K) ......................... 408.0000 

BULK MATERIAL DENSITY (MA. G/CM**3) . . . . . . . . . . . . . . . . . . .  1.4460 

BULK HATERIAL SPECIFIC HEAT (CPA, JIG K) . . . . . . . . . . . . . . .  2.5000 

VAPOR SPECIFIC HEAT (CPV, JIG K) . . . . . . . . . . . . . . . . . . . . . . .  2.0000 

HEAT OF VAPORIZATION (LHA, JIG) . . . . . . . . . . . . . . . . . . . . . . . .  3162.00 

EVAPORATION COEFFICIENT (EPSA) . . . . . . . . . . . . . . . . . . . . . . . . . .  0400 

VAPOR DIFFUSION COEFFICIENT (DCA, Cll**21SEC) . . . . . . . . . . . .  2500 

VAPOR GAS COISTART (RGA, JIG K) . . . . . . . . . . . . . . . . . . . . . . . . .  0849 

AIR THERHAL CONDUCTIVIN (KAIR, YICII K) . . . . . . . . . . . . . . . .  2.550E-04 

VAPOR MOLECULAR VEIGHT (MV, GIIIOLE) . . . . . . . . . . . . . . . . . . . .  98.M)OO 

RECONDENSATION OPTION (IRECON) . . . . . . . . . . . . . . . . . . . . . . . . .  0 

EXPONENTIAL AEROSOL SCALING OPTION (EXEXSC) . . . . . . . . . . . .  1 

EXACT HIE EFFICIENCY FACTOR OPTION (DATIP) ............. 1 

BEAH TYPE IS REPETIlIVE PULSE 
CALCULATION DOES NOT INCLUDE SRS 
BEAU PROFILE IS TRUNCATED GAUSSIAN 
AEROSOL TYPE IS VPlRP SMOKE 
NO TILT CONTROL (BEAM VANDER IncLvnm) 
LINEAR EFFECTS INCLUDED BEFORE BLOOMING CALCULATIONS 

DO NOT CHECK FOR BREAKDOUN 
EXPONENTIkL AEROSOL EXTINCTION SCALING ASSUHED IN VAPORIZATION HODEL 
DATA FILE VITH EXACT HIE EFFICINCY FACTORS USED 
NEGLIGIBLE RECONDENSATION ASSUMED BETVEEN PULSES 
EPS = . 9715 ROEV = 1.0955E-02 CND = . 7843 



DFF = 9.9404E-02 HONEQ = 5.8576E-02 EqUIL = 1.014 

DEFAULT VALUES FOR UATER: 2.1818, ,0722, .83, ,5875, 2.139, 1.569 

Z PEAK AVC AREA 

(H) (KU/CN**2) (KU/Cll**2) (CH**2) 

,0000 1.472124E-02 9.305597E-03 3.396454E93 

37.5000 1.485770E-02 9.391856E-03 3.344767E43 

75.0000 1.500682E-02 9.486118E-03 3.291862E93 

112.5000 1.516191E-02 9.584159E-03 3.239313E93 

150.0000 1.532278E-02 9.685847E-03 3.187193E93 

187.5000 1.548954E-02 9.791255E-03 3.135505E93 

412.5M)O 1.665224E-02 1.052622E-02 2.83451693 

637.5000 1.808183E-02 1.142990E-02 2.547063E43 

862.5000 1.985202E-02 1.254887E-02 2.271406E93 

CA (G/CH**3) = 7.1199E-08 

CNT = 7132. 

SUIIPD = 73.19 

TOTAL 10. DENSITY (l/CN**3) = 5.2197Et05 

RNODE = 9.5798E-02 

TAW = 2.3756-06 

TP(RP) OR TFLOV(CU) /TAW = 4.210 

863.5000 1.976717E-02 1.249523E-02 2.270279E93 

1088.5000 2.177628E-02 1.376523E-02 2.023680E43 

1313.5000 2.441352E-02 1.543229E-02 1.777039E93 

1538.5000 2.764162E-02 1.747284E-02 1.548505E93 

1763.5000 3.161960E-02 1 .998740E-02 1 ,338085E93 

1988.5000 3.655965E-02 2.311011E-02 1.145786E93 

2213.5000 4.274428E-02 2.701954E-02 9.716202E42 

2438.5000 5.054565E-02 3.195095E-02 8.156043E92 

2663.5000 6.043984E-02 3.820527E-02 6.777603E42 

2888.5000 7.299501E-02 4.614165E-02 5.581197E42 

3113.5000 8.878001E-02 5.611967E-02 4.567282E42 

3338.5000 1.080797E-01 6.831941E-02 3.736513E92 

3563.5000 1.302445E-01 8.233025E-02 3.089828E92 

3788.5000 1.526445E-01 9.648973E-02 2.628495E92 

4013.5000 1.700013E-01 1.074613E-01 2.354032E92 

4238.5000 1.760692E-01 1.112969E-01 2.267849E42 

4463.5000 1.681128E-01 1.062675E-01 2.370632E42 

4500.0000 1.656529E-01 1.047126E-01 2.405106E92 
........................................................ mpiJ ******St************************************************:t**** 

RF' OPTION 

KEY: DL = DIFFRACTIMI-LIHITED T = TURBULENCE J = JITTER B = BLOOHINC 0 = OPTIHUH POUER 

DL l TJ l 8 l BTJ l 0 l BTJO 
------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------- 
RADIUS OF EXP(-1) BEAN (CH) 4.314E100 8.355Et00 4.796E90 8.750Et00 4.796E90 8.750E+00 

AREA OF EXP(-1) BEAN (CH**2) 5.848E91 2.193Et02 7.226E91 2.405E102 7.226E41 2.405Et02 

TIHE AVERACE OF SPATIAL PEAK INTENSIN 

(KU/CH**2) 6.813E41 1.817E-01 5.513E-01 1.657E-01 5.513E-01 1.657E-01 
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TIME AVERAGE OF SPATIAL AVERAGE INTEWSIN 

OVER CIRCLE Of EXP(-1) RADIUS 

(KU/CW**2) 4.306E-01 1.148E-01 3.485E-01 1.047E-01 3.485E-01 1.0471-31 

TIHE AVERAGE OF SPATIAL AVERAGE INTENSITY 

OVER CIRCLE OF SPECIFIED RADIUS RAV 
(KU/CH**2) 1.268E-03 1.268E-03 1.268E-03 1.268E-03 1.268E-03 1.268E-03 

FLUEICE (KJ/CM**2) 1.363E-01 3.633E-02 1.103E-01 3.313E-02 1.103E-01 3.313E-02 

PEAK IRTENSIN PER WLSE (IIYICII**~) 1.363E41 3.633E60 1.103E101 3.313E+00 1.103E+01 3.313E+O0 

OPTIIIUII ENERGY PER PULSE (KIWLE) 1. OOOE+OI 1. 000~401 
------------------------------------------------------------------------------------------*.- ---------------------------------------------------------------------------------------------,.-- 

FRACTION OF INITIAL WUER PROPAGATED TO RAKE OF IWTEREST = 7.9683E-01 
PHICON - 1.6875Et06 

ZETI ALPABS ALPEXT BZETA XB HBZ SFBD ALPBD BZETAB 

(KR) (1IKI) (11~1) (~IKII) 
............................................................................................................ ................................................................................................................. 
.OO ,12200 ,16700 1.0000 O.OOOOOE+00 1.0000 1.0000 0.00000E+00 1.0000 

.04 .I1899 ,16288 .99391 .33513 1.0000 1.0000 0.OOOOOE+OO ,93391 

.08 .I1605 ,15886 ,98801 .54995 1.0109 1.0000 0.00000E+00 .9J801 

.ll ,11318 .I5493 .98228 ,75671 1.0182 1.0000 0.00000E+00 .9,3228 

.15 .I1039 ,15111 ,97673 ,96063 1.0254 1.0000 0.OOOOOE+OO .9"673 

.19 ,10766 ,14738 ,97135 1.1618 1.0329 1.0000 0.00000E+00 .9:'135 

.41 9.26678E-02 ,12685 94402 2.3160 1 .0404 1.0000 0.00000E+00 .94402 

64 7.97599E-02 .I0918 .92111 3.2126 1.0884 1.0000 0.00000E+00 .9:1111 

.86 6.86500E-02 9.39717E-02 ,90184 3.6862 1.1311 1. 0000 0.00000E+00 .9(1184 

.86 .72877 4.7797 89754 3.6929 1.1556 1.0000 0.00000E+00 .8< 754 

1.09 5.90482E-02 8.062831-02 ,88136 5.0892 1.1559 1.0000 0.00000E+00 .8e 136 

1.31 5.08233E-02 6.95696E-02 ,86768 5.0892 1.2357 1.0000 O.OOOOOE+OO A6768 

1.54 4.37440E-02 5.98791E-02 ,85606 5.0892 1.2357 1.0000 O.OOOOOE+00 ,85606 

1.76 3.76508E-02 5.15384E-02 ,84619 5.0892 1.2357 1.0000 0.00000E+00 .84619 

1.99 3.24063E-02 4.43595E-02 .a3779 5.0892 1.2357 1.0000 0.00000E+00 ,83779 

2.21 2.7892B-02 3.81806E-02 ,83062 5.0892 1.2357 1.0000 O.OOOOOE+OO ,83362 

2.44 2.40072E-02 3.28623E-02 ,82451 5.0892 1.2357 1.0000 O.O0000E+OO .82 151 

2.66 2.06632E-02 2.82814-02 ,81927 5.0892 1.2357 1.0000 0.OOOOOE+OO ,81927 

2.89 1.77850E-02 2.43450E-02 ,81480 5.0892 1.2357 1.0000 O.OOOOOE+OO ,818180 

3.11 1.53077E-02 2.09539E-02 ,81097 5.0892 1.2357 1.0000 0.OOOOOE+OO .81097 

3.34 1.31754E-02 1.80352E-02 ,80768 5.0892 1.2357 1.0000 O.OOOOOE+OO .80"68 

3.56 1.13402E-02 1.55231E-02 ,80487 5.0892 1.2357 1.0000 0.00000E+00 .80487 

3.79 9.76060E-03 1.33608E-02 ,80245 5.0892 1.2357 1.0000 0.00000E+00 .80:!45 

4 0 1  8.40103E-03 1.14998E-02 ,80038 5.0892 1.2357 1.0000 0.00000E+00 .80(d8 

4.24 7.23083E-03 9.89795E-03 ,79860 5.0892 1.2357 1.0000 0.OOOOOE+OO .79f,60 

4.46 6.22364E-03 8.51924E-03 ,79707 5.0892 1.2357 1.0000 0.00000E+00 ,797 07 

4.50 6.07402E-03 8.31444E-03 .79683 5.0892 1.2357 1.0000 0.00000E+00 .79f 83 

VOL EXT. COEF = 4.6858E-03 

VOL ABS COEF = 4.1392E-03 

MASS CONC = 7.1199E-02 

lASS CL - 7.1199E-02 

HASS OPTICAL DEPTH = 1.0050E-02 



RORN . D RANGE = . 1917 

............................... I N M  ............................... 
.......... PARTICLE SIZE FACTOR 2.00 

CONTROL PARANETERS 
............. ............... 

VAVEFOIUI SPECIFIER (IDEN) .................................... 2 
SLEW OPTION (IDSLEU) ......................................... 0 
NUNBER OF INTECRATION STEPS IN PHASE INTEGRAL (NPT) .......... 20 
TILT CONTROL OPTION (IDTLCO) ................................. 0 
OPTIONAL INTERACTION OF LINEAR EFFECTS UITH BLOONINC (IDRSS) . 0 

CONTIWUOUS VAVE OR REPETITIVE PULSE OPTION (IDCVRP) .......... 1 

LASER PARANETW 
............. ................ 

LASER VAVELENGTH (YVLGM, HICROHETERS) . . . . . . . . . . . . . . . . .  10.6000 
APERNRE DIAHETER (DIAN, NETERS) . . . . . . . . . . . . . . . . . . . . . . .  1.0000 

BEAN POUER (POUER, KILWATTS) . . . . . . . . . . . . . . . . . . . . . . . . . .  O.OM)E*OO 
NAXINUN BEAN POWER DELIVERABLE (WVNAX, KILOVATIS) . . . . .  0.000E*00 
ENERGY PER PULSE (ENGPUL, KILOJWLES) .................. l.OWE*Ol 
HAXINUN ENERGY DELIVERABLE PER WLSE 

(EIGHAX, KILOJUJLES) ................................. 1.0000E*01 
WLSE REPETITION RATE (PRF, SEC-1) ..................... 5.0000 

PULSE WRATIOR TIME (TO, SECONDS) ...................... 1 . W E 4 5  

BEAH QUALITY (TINSDL) .................................. 1.3900 

ONE SIGNA HIGH FREqUENCl JITTER ANGLE 

(THJH, HICRORADIANS) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10.0000 
ONE SIGHA LOU FREQUENCY JITTER ANGLE 

(THJL, MICRORADIAIIS) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5.0000 
ENVIROllllEKIAL PARANFIERS 
...................... ....................... 

NACNITUOE OF V IND AT REFERENCE HEIGHT (YINW, NlSEC) ... 1.0000 

REFERENCE HEIGHT (HUINDO, METERS) . . . . . . . . . . . . . . . . . . . . . .  1.0000 

MIND DIRECTION (ANCVND, DEGREES) . . . . . . . . . . . . . . . . . . . . . . .  220.0000 
EXWWENT IN UIND WWER LAV (UNDPOV) . . . . . . . . . . . . . . . . . . . . .  1429 
REFRACTIVE INDEX STRUCTURE CONSTANT 

(CNSqO, N**(-213)) ................................... 8.400E.14 
EXPONENT IN REFRACTIVE INDEX STRUCTURE CONSTANT 

POVER LAV (CNSqPU) .................................... .1.0750 

CN2 PROFILE OPTION (CN2PRO) ................................. 1 . O W  
WIND PROFILE OPTION (VINPRO) ................................. 0000 
qUANTITY COHBINING SEVERAL ATHOSPHERIC VARIABLES 

(SCRPTS, N**3IJOULE) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.650E-09 

ABSORPTION COEFFICIENT (ABSOR, 1lKN) . . . . . . . . . . . . . . . . . . . .  1220 
SCATTERING COEFFICIENT (ABSSCA, 1IKH) . . . . . . . . . . . . . . . . . . .  0450 

SCALE HEIGHT FOR ABSORPTION COEF . (HA, KH) ............. 1.0000 

SCALE HEIGHT FOR SCATTERING COEF . (HS, KH) ............. 1.0000 

APERTURE HEIGHT ABOVE GROUND (HTDEV, IIETERS) ........... 1.0000 



. . . . . . . . . . . . .  TARGET HEIGHT ABOVE GROUND (HTTAR. HETERS) 3001.0000 

. . . . . . . . . . . . . . . . .  RANGE  FRO^ LASER TO TARGET (RANGE. 1111 r.sooo 

DEFOCUSING INCREIIEUT (DRNGFO. KII) . . . . . . . . . . . . . . . . . . . . . . .  0000 

RANGE FROM TARGET TO PROJECTED IIIPACT POINT (RUT. Kt) . . 5.0000 

X-COORDINATE OF PROJECTED IIIPACT POINT (XT. KII) . . . . . . . .  4.MWH) 

Y-COORDINATE OF PROJECTED IIIPACT WINT (YT. KN) . . . . . . . .  1.0000 

TRAJECTORY ANGLE (TRAJAN. DEGREES) . . . . . . . . . . . . . . . . . . . . . .  0000 

. . . . . . . . . . . . . . . . . . . .  BEARING OF TARGET (BEARAN. DEGREES) 30.0000 

ANGULAR SLEY RATE (SLWEL. RADISEC) OR SPEED OF 

LASER (IIISEC) OR SPEED OF TARGET (IIlSEC) 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  (DEPENDS ON IDSLEY OPTION) 50.0000 

RADIUS OF CIRCLE FOR EXPRESSING AVERAGE INTENSITY 

(RAV . CENTIHETERS) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  100.0000 

BREAKDOVN AHD VAPORIZATION PARAHETERS 
.................................. ..................................... 

BREAKDoWi OPTION (IBRK) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 

AEROSOL TYPE (IAER) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 

PRINT OPTION (IPRTOP) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 

RANGE TO LEADING EDGE OF CLOUD (RNGA. KII) . . . . . . . . . . . . . .  . 90 
CLOUD LENGTH (LA. IIETERS) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.00 

CLOUD TRANSIIITTANCE (TI) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  99W) 

lRlllBER OF PHASE INTEGRAL STEPS IN CLWD (NPA) . . . . . . . . . .  1 

AIR TEIIPERATURE (TAT!. C) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  17.5000 

PRESSURE (PATH. AM) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9800 

RELATIVE HURIDITY (RELH. %) . . . . . . . . . . . . . . . . . . . . . . . . . . . .  87.5000 

REAL PART OF REFRACTIVE INDEX (NU) . . . . . . . . . . . . . . . . . . . . .  1.3800 

INACINARY PART OF REFRACTIVE INDEX (HI) . . . . . . . . . . . . . . . . .  4000 

IIEDIAN HASS RADIUS OF SIZE DISTRIBUTION 

(Rn . IIICRONETERS) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5400 

STANDARD DEVIATION OF SIZE DISTRIBUTION (SIC) . . . . . . . . . .  1.9300 

BOILING TEHPERATURE (TBOIL. K) . . . . . . . . . . . . . . . . . . . . . . . . .  408.0000 

BULK IATERIAL DENSITY (MA. G/CII**3) . . . . . . . . . . . . . . . . . . .  1.4460 

BULK lATERIAL SPECIFIC HEAT (CPA. JIG K) . . . . . . . . . . . . . . .  2.5000 

VAPOR SPECIFIC HEAT (CPV. JIG K) . . . . . . . . . . . . . . . . . . . . . . .  2.0000 

HEAT O F  VAPORIZATION (LHA. JIG) . . . . . . . . . . . . . . . . . . . . . . . .  3162.00 

EVAPORATION COEFFICIENT (EPSA) . . . . . . . . . . . . . . . . . . . . . . . . .  0400 

VAPOR DIFFUSION COEFFICIENT (DCI. CH**2/SEC) . . . . . . . . . . . .  2500 

VAPOR GAS CONSTANT (RGA. JIG K) . . . . . . . . . . . . . . . . . . . . . . . . .  0849 

AIR THERNAL CONDUCTIVITY (KAIR. YICN K) . . . . . . . . . . . . . . . .  2.550E-04 

VAPOR NOLECUUR VEIGHT (WV. GINOLE) .................... 98.0000 

RECONDFNSATION OPTION (IRECON) . . . . . . . . . . . . . . . . . . . . . . . . .  0 

. . . . . . . . . . . .  EXPONENTIAL AEROSOL SCALING OPTION (EXEXSC) 1 

EXACT HIE EFFICIENCY FACTOR OPTION (DATAP) . . . . . . . . . . . . .  2 
BEAN TYPE IS REPETITIVE PULSE 

CALCULATION DOES INCLUDE SRS 

DOES NOT INCLUDE BREAKDOUN AND EXTINCTION ATTEWATION IN ENERGY OR POYER PASSED TO SRS ROUTINE 

SRS CALCULATION IS VIBRATIONAL 



BEAH PROFILE IS TRLNCATED GAUSSIAN 

AEROSOL TYPE IS VPlRP SllOKE 

NO TILT CONTROL (BEAll UANDER INCLUDED) 

LINEAR EFFECTS INCLUDED BEFORE BLoonING CALCULATIONS 

DO NOT CHECK FOR BREAKDOUN 

EXPONENTIAL AEROSOL EXTINCTION SCALING ASSUHED In VAPORIZATION NODEL 

APPROXIllATE llIE EFFICIENCY FACTORS USED 

NEGLIGIBLE RECONDENSATION ASSUllED BETVEEN WLSES 

EPS = ,9715 RON = 1.0955E-02 CND = ,7843 

DFF = 9.9404E-02 NONEq = 5.8576E-02 EQUIL = 1.014 

DEFAULT VALUES FOR YATER: 2.1818, ,0722, .83, ,5875, 2.139, 1.569 

Z PEAK AVG AREA 

(HI (KUICH**~) (wv~cnw)  (cntt2) 

.0000 1.472124E-02 9.305597E-03 3.396454E63 

37.5000 1.485770E-02 9.391856E-03 3.344767E63 

75.0000 1.500681E-02 9.486115E-03 3.291864E63 

112.5000 1.516196-02 9.584148E-03 3.239317E63 

150.0000 1 .532275E-02 9.685828E-03 3.187199E63 

187.5000 1.548949E-02 9.791224E-03 3.13551893 

412.5000 1.665192E-02 1.052602E-02 2.834564E43 

637.5000 1 .808087E-02 1.142929E-02 2.547198E43 

862.5000 1.984979E-02 1.254746E-02 2.271662E43 

CA (c/cn**3) = 3.7272~-08 

CNT = 3734. 

SUllPD = 73.19 

TOTAL NO.  DENSITY (:~ca**s) = 2.7324~+05 

RHODE = 9.5798E-02 

TAW = 2.3755-06 

TP(RP) OR TFLW(CU)/TAUV = 4.210 

863.5000 1.979836-02 1.25149'2E-02 2.270499E63 

1088.5000 2.189732E-02 1.384175E-02 2.015858E63 

1313.5000 2.455317E-02 1.552057E-02 1.769886E103 

1538.5000 2.780347E-02 1.757515E-02 1.542065E43 

1763.5000 3.180753-02 2.010620E-02 1.332403E103 

1988.5000 3.677735E-02 2.324772E-02 1.140907E63 

2213.5000 4.299405E-02 2.717742E-02 9.675908E62 

2438.5000 5.082569E-02 3.212797E-02 8.124667E62 

2663.5000 6.073848E-02 3.839405E-02 6.755555E102 

2888.5000 7.327914E-02 4.632126E-02 5.568853E42 

3113.5000 8.897369E-02 5.624210E-02 4.564960E62 

3338.5000 1.080309E-01 6.828856E-02 3.74445X42 

3563.5000 1.296936-01 8.198187E-02 3.108147E62 

3788.5000 1.51251OE-01 9.560888E-02 2.657147E42 

4013.5000 1.67529OE-01 1.058986E-01 2.392764E62 

4238.5000 1.726811E-01 1.091553E-01 2.316211E62 

4463.5000 1.644102E-01 1.039271E-01 2.428072E62 

NO RAHAN CONVERSION Z = 4.50Et03 



4500.O@lO 1.619659E-01 1.023820E-01 2.463967E42 

t* t t t t t t~ t t t t t~ t* t* t***t~*~t t t**~~t t t*~~t t t t t*~1;**t t* t~t  OUTPUT t*ttttttttttttt*lir**t**ttt***tt*t****t****tt**tttttit*ttttt** 

RP OPTION 

K E Y :  DL = DIFFRAUIOI-LIHITED T = NRBULENCE J = JITTER B = BLOOHING 0 = OPTIHUH POYER 

DL + TJ + B + BTJ + 0 + BTJO 
............................................................................................................... ................................................................................................................ 
RADIUS OF EXP(-I) BEAH (CI) 4.314E40 8.527E+00 4.719E40 8.856E+00 4.719E+00 8.856E+03 

AREA OF EXP(-1) BEAH (cH**~)  5.848E41 2.281E+02 6.996EIOl 2.164E+02 6.996E+01 2.464E+0 2 

TIME AVERAGE OF SPATIAL PEAK INTENSITY 

(KY /CH**2) 6.82kE-01 1.747E-01 5.70kE-01 1.620E-01 5.704E-01 1.620E-0 1 

TIHE AVERAGE OF SPATIAL AVERAGE INTENSITY 

OVER CIRCLE OF EXP(-1) RADIUS 

(KV/CH**2) 4.314E-01 1.104E-01 3.606E-01 1.024E-01 3.606E-01 1.024E-01 

TIHE AVERAGE OF SPATIAL AVERAGE INTENSIN 

OVER CIRCLE OF SPECIFIED RADIUS RAV 

( K Y / c ~ * * ~ )  1.270E-03 1.270E-03 1.270E-03 1.270E-03 1.270E-03 1.270E-03 

FLUENCE (KJ/CH**2) 1.365E-01 3.494E-02 1.141E-01 3.239602 1.14lE-01 3.239E-02 

PEAK INTENSITY PER PULSE (IY/Cl**2) 1.365E41 3.19&+00 I .  14lEMl 3.239E+00 1.141E@l 3.239E+00 

OPTIMUI! ENERGY PER PULSE (KJWLE) 1.000E+01 1.000E+01 
....................................................................................................... ---------------------------------------------------------------------------------------------------------------. 

FRACTION OF INITIAL POYER PROPAGATED TO RANGE OF INTEREST = 7.9816E-01 

PHICOR = 1 .6875E+06 

ZETI ALPABS ALPEXT BZETA XB HBZ SFBD ALPBD BZF:AB 

(KH) ( I I K ~ )  (11~n) (11~1) 
------------------------------------------------------------------------------------------------------..---- ----------------------------------------------------------------------------------------------------------------..----- 

.OO ,12200 ,16700 1.0000 0.00000E*00 1.0000 1.0000 0.00000E+00 1.0000 

.04 ,11899 16288 .99391 ,33513 1.0000 1.0000 0.00000E+00 .99::91 

.08 ,11605 15886 ,98801 ,51995 1.0109 1.0000 0.00000E+00 .98f,01 

. l l  ,11318 ,15493 ,98228 ,75671 1.0182 1,0000 0.00000E+00 .98:28 

.15 ,11039 .I5111 97673 ,96063 1.0254 1.0000 0.00000E+00 ,97673 

.19 ,10766 ,14738 ,97135 1.1618 1 .0329 1.0000 0.00000B00 ,97135 

.41 9.26678E-02 ,12685 ,94402 2.3160 1.0404 1.0000 0.00000E+00 ,94402 

.64 7.97599E-02 .I0918 ,92111 3.2126 1.0884 1.0000 0.000OOPOO ,92111 

.86 6.86500E-02 9.39717E-02 ,90184 3.6862 1.1311 1.0000 0.00000E+00 .go134 

.86 ,38346 3.1091 ,89904 3.6900 1.1556 1.0000 0.00000E+00 ,89934 

1.09 5.90482E-02 8.08283E-02 ,88284 1.4260 1.1558 1.0000 0.00000E+00 ,88234 

1.31 5.08233E-02 6.95696E-02 ,86913 4.4260 1.1964 1.0000 0.00000E+00 .869 L3 

1.54 4.37440E-02 5.98791E-02 ,85750 4.4260 1.1964 1.0000 0.00000E+00 .857!j0 

1.76 3.76508E-02 5.15384E-02 ,84761 I .  4260 1.1964 1.0000 0.00000E+00 .847fil 

1.99 3.24063E-02 4.113595E-02 ,83919 4.4260 1.1964 1.0000 0.00000E+00 .839:.9 

2.21 2.78924E-02 3.81806E-02 ,83201 4.4260 1.1964 1.0000 O.OOOOOE+OO ,83201 

2.44 2.40072E-02 3.28623E-02 ,82588 4.4260 1.1964 1.0000 0.00000E+00 .a252 8 

2.66 2.06632E-02 2.82849E-02 ,82064 4.4260 1.1964 1.0000 0.00000E+00 ,82064 

2.89 1.77850E-02 2.43450E-02 .a1616 4.4260 1.1964 1.0000 0.00000E+00 ,81616 

3.11 1.53077E-02 2.09539E-02 ,81232 4.4260 1.1964 1.0000 0.00000E+00 ,81232 

3.34 1.31754E-02 1.80352E-02 ,80903 4.4260 1.1964 1.0000 0.00000E+00 ,80903 

3.56 1.13402E-02 1.55231E-02 .a0621 4.4260 1.1964 1.0000 0 .OOOOOE+00 ,8062 1 
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3.79 9.76060E-03 1.33608E-02 ,80379 4.4260 1.1964 1.0000 O.OOOOOE+OO .80379 

4.01 8.40103E-03 1.14998E-02 ,80172 4.4260 1.1964 1.0000 O.OOOOOE*00 ,80172 

4.24 7.23083E-03 9.89795E-03 ,79993 4.4260 1.1964 1.0000 0.00000E*OO ,79993 

4.46 6.22364E-03 8.51924E-03 ,79840 4.4260 1.1964 1.0000 O.O0OOOE*OO ,79840 

4.50 6.07402E-03 8.31444E-03 ,79816 4.4260 1 . 1 W  1 .OM 0 .M00E+00 .79816 

VOL EXT. COEF = 3.0152E-03 

VOL ABS COEF = 2.9750E-03 

IASS CONC = 3.7272E-02 

IASS CL = 3.7272E-02 

niss OPTICAL DEPTH = i.a050~-02 

NORI. D RANGE = ,1917 
tttt*ttttttttttttt*tn**tttt**fc*ttttctttntt*ttt BD OF CASE 2 ttrc*trtttrtt*trttr*t~tttttttttt**t*tt*tttttt*tttt:~tt*t* 

t t ~ ~ ~ t t ~ t ~ ~ ~ ~ t ~ t t t ~ t t t t t t t t t t ~ t  INPUT tttttt*tttttttttttstttt#tttttt 

. . . . . . . .  PARTICLE SIZE FACTOR.. 2.00 

CONTROL PARAIIETERS 
------------- --------------- 

UAVEFORH SPECIFIER (IDBI) .................................... 2 

SLEW OPTION (IDSLEU) ......................................... 0 

NlJHBER OF INTEGRATION STEPS IN PHASE INTEGRAL (NPT) .......... 20 

TILT CONTROL OPTION (IDTLCO) ................................. 0 

OPTIOUAL INTERACTION OF LINEAR EFFECTS UITH BLOOIIWG (IDRSS) . 0 

. . . . . . . . . .  CONTIWUOUS VAVE OR REPETITIVE PULSE OPTION (IDCURPI 1 

LASER PARAIETERS 
--------------- --------------- 

LASER VAVELENGTH (UVLGTH, IICROIETERS) ................. 10.6000 

APERTURE DIAHE'TER (DIM, IETERS) ....................... 1.0000 

BEAI POUER (POUER, KILOVATTS) .......................... 0.000E*00 

HAXIIUH BEAI POUER DELIVERABLE (POVIIAX, KILOVATTS) . . . . .  O.OOOE*OO 

ENERGY PER WLSE (ENGPUL, KILOJOULES) . . . . . . . . . . . . . . . .  ..1.0000E*01 

HAXIHUH ENERGY DELIVERABLE PER PULSE 

(ENGIIAX, KILOJOULES) ................................. i . o w o ~ ~ o i  

PULSE REPETITION RATE (PRF, SEC-1) ..................... 5.0000 

PULSE DURATIMI TIRE (TO, SECONDS) ...................... 1.000E-05 

BEAH QUALITY (TIISDL) .................................. 1.3900 

ONE SIGIA HIGH FREQUENCY JITTER ANGLE 

(THJH, HICRORADIANS) ................................. 10.0000 

ONE SICHA LOU FREQUENCY JITTER ANGLE 
(THJL, IICRORADIANS) ................................. 5.0000 

ENVIROMENTAL PARAHETERS 
-------------------- ....................... 

IAGRITUDE OF VIND AT REFERENCE HEIGHT (UINDO, IlSEC) ... 1.0000 

REFERENCE HEIGHT (HUINW, IETERS) . . . . . . . . . . . . . . . . . . . . . .  1.0000 

UIND DIRECTION (AICVND, DEGREES) ....................... 220.0000 

EXPONENT IN WIND POVER LAU (UNDWU) .................... .I429 

REFRACTIVE INDEX STRUCTURE CONSTAllT 

(CNSqO, H**(-2/3)) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8.400E-14 

EXPONENT IN RErRACrIn INDEX STRUCTURE CONSTANT 



. POWER LA1 (CNSqPU) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  -1 0150 

................................. CN2 PROFILE OPTION (cN~PRo) 1.0000 

UIND PROFILE OPTION (WINPRO) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0000 

IjUANTIN COIBINING SEVERAL ATIIOSPHERIC VARIABLES 

(SCRPTS. II**3/ JOULE) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.650E-09 

. . . . . . . . . . . . . . . . . . . .  ABSORPTIOW COEFFICIENT (ARSOR, 1IKW) 1220 

. . . . . . . . . . . . . . . . . . .  SCATTERING COEFFICIENT (ABSSCA. 1lKII) 0450 

SCALE HEIGHT FOR ABSORPTION COEF . (HA, KII) . . . . . . . . . . . . .  1.0000 

SCALE HEIGHT FOR SCATTERIK; COEF . (HS, KII) ............. 1.0000 

APERTURE HEIGHT ABOVE GROUND (HTDEV. IETERS) . . . . . . . . . . .  1.0000 

TARGET HEIGHT ABOVE GROUND (HTTAR. IIETERS) . . . . . . . . . . . . .  3001.0000 

RANGE FROII LASER TO TARGET (RANGE. KII) ................. 4.5000 

DEFOCUSING INCREHMT (DRNGFO. KII) . . . . . . . . . . . . . . . . . . . . . . .  0000 

RAlGE FROII TARGET TD PROJECTEO IIIPACT POIIT (RIIT. KII) . . 5.0000 

X-COORDINATE OF PROJECTED IIIPACT WIllT (11. KM) . . . . . . . .  4.0000 

Y-COORDINATE OF PROJECTED IIIPACT POINT (YT. KII) ........ 1.0000 

TRAJECTORY ANGLE (TRAJAN. DEGREES) . . . . . . . . . . . . . . . . . . . . . .  0000 

BEARING OF TARGET (BEARAN. DEGREES) . . . . . . . . . . . . . . . . . . . .  30.0000 

ANGULAR SLEU RATE (SLUVEL. RADISEC) OR SPEED OF 

LASER (IIlSEC) OR SPEED OF TARGET (H/SEC) 

(DEPENDS ON IDSLEU OPTION) ........................... 50.0000 

RADIUS OF CIRCLE FOR EXPRESSING AVERAGE INTENSITY 

(RAV. CENTIIIETERS) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  100.0000 

BREAKDOYN AN0 VAPORIZATION PARAMETERS 
---------------------------- 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  BREAKDWN OPTION (IBRK) 0 

AEROSOL TYPE (IAER) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 

PRIlT OPTION (IPRTOP) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 

RANGE TO LEADING EDGE OF CLOUD (RNGA. KII) . . . . . . . . . . . . . . .  90 

CLOUD LENGTH (LA. IIETERS) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.00 

CLOUD TRANSIIITTANCE (TI) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9900 

NUnEER OF PHASE INTEGRAL STEPS IN CLOUD (WPA) . . . . . . . . . .  1 

AIR TEWPEMTURE (TATH. C) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  17.5000 

PRESSURE (PATII. ATII) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9800 

RELATIVE HUHIDITY (RELH. %) . . . . . . . . . . . . . . . . . . . . . . . . . . . .  87.5000 

REAL PART OF REFRACTIVE INDEX (NR) ..................... 1.3800 

INAGINARY PART OF REFRACTIVE INDEX (11) . . . . . . . . . . . . . . . . .  4000 

REDIAN HASS RADIUS OF SIZE DISTRIBUTION 

(RII. IIICROIIETERS) .................................... .MOO 

STANDARD DEVIATION OF SIZE DISTRIBUTION (SIC) . . . . . . . . . .  1.9300 

BOILING TENPERANRE (TBOIL. K) . . . . . . . . . . . . . . . . . . . . . . . . .  408.0000 

BULK IIATERIAL DENSITY (ROA. GICW**3) . . . . . . . . . . . . . . . . . . .  1.4460 

BULK !ATERIAL SPECIFIC HEAT (CPA. JIG K) . . . . . . . . . . . . . . .  2.5000 

VAPOR SPECIFIC HEAT (CPV. JIG K) . . . . . . . . . . . . . . . . . . . . . . .  2.0000 

HEAT OF VAPORIZATION (LHA. JIG) . . . . . . . . . . . . . . . . . . . . . . . .  3162.00 

EVAPORATION COEFFICIENT (EPSII) . . . . . . . . . . . . . . . . . . . . . . . . . .  0400 

VAPOR DIFFUSION COEFFICIENT (DCA. CW**2/SEC) . . . . . . . . . . . .  2500 



. . . . . . . . . . . . . . . . . . . . . . .  VAPOR GAS CONSTANT (RGA, JIG K) ,0849 

. . . . . . . . . . . . . . .  AIR THERIAL CONDUCTIVITY (KAIR. Y/CH 1) 2.55OE-04 

VAPOR HOLECULAR YEIGHT (IV, GINOLE) . . . . . . . . . . . . . . . . . . . .  98.0000 
. . . . . . . . . . . . . . . . . . . . . . . . .  RECONDENSATION OPTION (IRECON) 0 

. . . . . . . . . . . .  EXPONENTIAL AEROSOL SCALING OPTION (EXEXSC) 1 

EXACT HIE EFFICIENCY FACTOR OPTION (DATAP) ............. 3 

BEAI TYPE IS REPETITIVE PULSE 

CALCULATION DOES INCLUDE SRS 

DOES NOT INCLUDE BREAKDOUN AND EXTINCTION ATTENUATIM IN ENERGY OR POYER PASSED TO SRS ROUTINE 
SRS CALCULATION IS VIBRATIONAL 
BEAI PROFILE IS TRUNCATED GAUSSIAN 

AEROSOL TYPE IS YPlRP SHOKE 

NO TILT CONTROL (BEAI WANDER INCLUDED) 
LINEAR EFFECTS INCLUDED BEFORE BLOOIINC CALCULATIONS 
DO NOT CHECK FOR BREAKDWN 
EXPONENTIAL AEROSOL EXTINCTION SCALING ASSUHED IN VAPORIZATION HODEL 
CALL ACAUS TO CALCULATE HIE EFFICIENCY FACTORS. 
NEGLIGIBLE RECORDENSATION ASSUIIED BETWEEN PULSES 

NOVAE VARNING: FILE( AG . OUT) 
YILL BE OVER YRITTEN 
EPS = ,9715 ROEV = 1.0955E-02 CND = .7843 

DFF = 9.9404E-02 NOIEq = 5.8576E-02 EqUIL = 1.014 

DEFAULT VALUES FOR YATER: 2.1818, ,0722, .83, ,5875, 2.139, 1.569 

Z PEAK AVG AREA 
(1) (~w/cn**z) (~w1cntt2) (cntc2) 

,0000 1.472124E-02 9.305597E-03 3.396454E63 

37.5000 1.485770E-02 9.391856E-03 3.344767E63 

75.0000 1.500681E-02 9.486115E-03 3.291864E43 

112.5000 1.51619OE-02 9.584148E-03 3.239317E63 

150.0000 1.532275E-02 9.685828E-03 3.187199E93 

187.5000 1.548949E-02 9.791224E-03 3.135515E*03 

412.5000 1 -665192E-02 1.052602E-02 2.834564E63 

637.5000 1.808087E-02 1.142929E-02 2.547198E63 

862.5000 1.984979E-02 1.254746E-02 2.27166X63 

CA (Clcnrr3) = 7.3264E-08 
CNT = 7339. 

SUIPD = 73.19 

TOTAL NO. DENSITY (t/CH**3) = 5.3711E+05 

RIOOE = 9.5798E-02 
TAW = 2.3753E-06 

TP(RP) OR TFLOW(CV)/TAUV = 4.210 

863.5000 1.976482E-02 1.249375E-02 2.270539E63 

1088.5000 2.17623E-02 1.375641E-02 2.024969E63 

1313.5000 2.439350E-02 1 ,541963E-02 1.778490E*03 

1538.5000 2.761189E-02 1.745404E-02 1.550167E43 

1763.5000 3.157412E-02 1.995865E-02 1.340007E43 

1988.5000 3.648835E-02 2.306504E-02 1.148020E63 
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2213.5000 4.263004E-02 2.694733E-02 9.742200E+02 

2438.5000 5.035909E-02 3.183302E-02 8.186225E+02 

2663.5000 6.012987E-02 3.800933E-02 6.812515E42 

2888.5000 7.247276E-02 4.581 152E-02 5.621393E+02 

3113.5000 8.789352E-02 5.555930E-02 4.613329E+02 

3338.5000 1.065823E-01 6.737287E-02 3.788993E42 

3563.5000 1.277830E-01 8.077425E-02 3.149337E42 

3788.5000 1.488412E-01 9.408561E-02 2.695648E42 

4013.5000 1.647226E-01 1.041246E-01 2.429459E42 

4238.5000 1.697558E-01 1.073061E-01 2.352182E+02 

4463.5(1130 1.617090E-01 1.022196E-01 2.464500E42 

NO RAHAN CONVERSION Z = 4.50E103 

4500.0000 1.593275E-01 1.007142E-01 2.500579E42 

........................................................ OUTPUT ............................................................. 
RP OPTION 

KEY: DL = DIFFRACTION-LIIIITED T = TURBULENCE J = JITTER B = BLOOHINC 0 = OPTIHUH POYER 

DL * TJ + B + BTJ 0 + BTJO 
................................................................................................................. --------------------------------------------------------------------------------------------------------------------- 
RADIUS OF EIP(-I) BEAM (CHI 4.314E100 8.527P00 4.804El00 8.922E*00 4.804E*00 8.922E+00 

AREA OF EXP(-1) BEAH (CH**2) 5.848Et01 2.284E+02 7.251E41 2.501E+02 7.251E41 2.501E+02 

TIHE AVERAGE O F  SPATIAL PEAK INTENSIN 

(KU/CN**2) 6.813E-01 1.744E-01 5.494E-01 1.593E-01 5.494E-01 1.593E-01 

TIHE AVERAGE OF SPATIAL AVERAGE INTENSITY 

OVER CIRCLE OF EXP(-1) RADIUS 

( K Y  /CH**2) 4.306E-01 1.103E-01 3.473E-01 1.007E-01 3.473E-01 1.007E-01 

TIHE AVERAGE OF SPATIAL AVERAGE INTENSITY 

OVER CIRCLE OF SPECIFIED RADIUS RAY 

(KVICH**~) 1.268E-03 1.268E-03 1.268E-03 1.268E-03 1.268E-03 1.268E-03 

FLUENCE (KJ/CH**2) 1 363E-01 3.488E-02 1.099E-01 3.187E-02 1.099E-01 3.187E-02 

PEAK IHTENSITY PER PULSE (HUICH**~) 1.363El01 3.488E*00 1.099E41 3.187E*00 1.099E41 3.187E+00 

OPTInun ENERGY PER PULSE (KJOULE) 1.000~+01 1 OOOE+OI 
................................................................................................................... -------------------------------------------------------------------------------------------------------------------- 
FRACTION OF INITIAL POVER PROPACITED TO RMCE OF INTEREST = 7.9682E-01 

PHICON = 1.6875E+06 

ZETI ALPABS ALPEXT BZET A XB HBZ SFBD ALPBD BZETAB 



1.09 5.90482E-02 8.08283E-02 ,88136 5.1583 

1.3 1 5.08233E-02 6.95696E-02 ,86767 5.1583 

1 54 4.37440E-02 5.98791E-02 ,85606 5.1583 

1.76 3.76508E-02 5.15384E-02 ,84619 5.1583 

1.99 3.24063E-02 4.43595E-02 ,83779 5.1583 

2.21 2.78924E-02 3.81806E-02 ,83062 5.1583 

2.44 2.40072E-02 3.28626-02 ,82450 5.1583 

2.66 2.06632E-02 2.82849E-02 ,81927 5.1583 

2.89 1.77850E-02 2.43450E-02 ,81480 5.1583 

3.11 1.53077E-02 2.09539E-02 ,81096 5.1583 

3 34 1.3175rlE-02 1.80352E-02 ,80768 5.1583 

3.56 1.13402E-02 1.55231E-02 ,80486 5.1583 

3.79 9.7606OE-03 1.33606-02 ,80245 5.1583 

4.01 8.40103E-03 1.14998E-02 ,80037 5.1583 

4 2 7.23083E-03 9.89795E-03 .79859 5.1583 

4.46 6.223ME-03 8.51924E-03 ,79706 5.1583 

4.50 6.07402E-03 8.31444E-03 ,79682 5.1583 

VOL EXT. COEF = 4.6899E-03 

VOL ABS COEF = 4.6614E-03 

HASS CONC = 7.3264E-02 

\ASS CL = 7.3264E-02 

BASS OPTICAL DEPTH = 1.0050E-02 

N0RB.D RANGE = ,1917 
t t * ~ ~ t f t * t * * * ~ f * f f * * * ~ : r ~ * * * ~ t * ~ ~ t t * ~ t ~ * * t * ~ t t t t * * t t * *  END OF CASE 

END EOSLEL RUll 

STOP 000 
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