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I. INTRODUCTION

Laser guidance systems operating in the atmosphere are affected
by several phenomena which tend to degrade the transmitted laser beam
and result in poorer performance than would be obtainable in vacuum
transmission. Of these phenomena, the major contributors to beam degra-
dation are direct attenuation of the beam's energy by absorption, spread-
ing and motion of the beam due to random index-of-refraction variations
within the atmosphere, and scattering of the electromagnetic radiation
by atmospheric particles.

Direct attenuation of the transmitted energy occurs from molecular
absorption by the various constituents in the atmosphere and absorption
by aerosol particles present in the atmosphere. Molecular absorption
occurs at selected lines or frequencies and varies greatly over fairly
narrow frequency intervals. Aerosol absorption, however, remains nearly
constant for a given particle over wide ranges in frequency of the
transmitted energy. Methods are presented in this report for determining
the absorption coefficients for molecules and aerosols.

Index-of-refraction variations in the atmosphere occur from heat
transfer processes which produce air temperature inhomogeneity or
turbulence. Movement of these random fluctuations in air temperature
across the path of a transmitted laser beam caused by wind or beam
sluing result in the beam wandering and spreading about its original
aim point. Thus, the energy distribution or "spot" produced at a dis-
tance downrange of the transmitter does not remain constant, but enlarges
and wanders about the "target" area. This turbulence-induced beam
"Jitter" or wandering adds an additional component to that already pro-
duced in the guidance system. This report describes a new analytical
method for rapidly predicting spot movement and size as a function of
transmitter characteristics, refractive index structure constant, and
effective wind speed across the beam.

Air molecules and other particles such as dust, haze, fog, or smoke,
which are present in the atmosphere, degrade a laser beam by scattering
part of the energy out of the path of the beam. For particles very
small relative to the laser wavelength, the angular distribution of the
scattered energy can be easily determined. For particle sizes of the
same order as the wavelength or larger, however, the theory becomes more
complex and extensive calculations are required. Analytical methods
suitable for making these calculations are well developed for most
particles of interest, but the physical data required are not adequate
in many cases. For example, the complex indices-of-refraction and
particle size distributions of many aerosols are not well known.

This effort was undertaken to provide methods that cjuid be
used to make predictions of the effects of the atmosphere on a terminal
homing laser guidance system. Available procedures and methods were
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reviewed and those adequate for the present application have been
adapted for use. Scientific support was obtained to provide help in
developing new procedures and modifying existing models. In particular,
the efforts of Dr. D. L. Fried of Optical Sciences Consultants provided
the basis for the turbulence beam wander model and the support of
W. G. Blattner, D. G. Collins, and M. B. Wells of Radiation Research
Associates was obtained to modify their existing Monte Carlo radiation
transport model. The molecular and aerosol attenuation models were
obtained from Dr. A. Miller of New Mexico State University and Dr. R. B.
Gomez at the Army Atmospheric Sciences Laboratory. An additional model
for predicting first-order radiation transport for a laser designator
system was developed in-house.

Descriptions are presented in the following sections of the models
developed for predicting atmospheric effects encountered by a trans-
mitted laser beam, and the Appendix provides utilization instructions.
Fortran listings of the in-house developed procedures are included.

II. TURBULENCE-INDUCED BEAM WANDER MODFL

For predicting turbulence-induced wander of the laser trans-
mitter beam the model developed by Fried [11 for calculating the power
spectrum of angle-of-arrival fluctuations is used in a numerical pro-
cedure employing the fast-Fourier transform (FFT) to convert the fre-
quency dependent power spectrum into the time domain giving the angular
jitter of the beam. In this method, the power spectrum defined as the
Fourier transform of the angle-of-arrival temporal coherence function
is expressed as

00

F a(f) - 4J cos(2vfr)C ( )d

0

where Ca () - <a(t)a(t + r)> is the temporal coherence function of the

angle-of-arrival fluctuations.

In the numerical procedure, the turbulent region between the trans-
mitter and target (Figure 1) is subdivided into N segments of length
AZT i and the calculation performed for each segment is

2 5/3
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where

* the laser wavelength

D - the spot diameter
S

r:,i - the coherence-length of segment i defined by

ro,i M6.7 C N(, i()Q] 3Zs

f ts a reference frequency given by
o,i

V eff,i

o,i 7(i)
and

G (f/f 0) is a function which can be approximated by

, if 0 < f < 0.332 f

0,,)- 1.12 - 0.361 (7 _f) if 0. 332 f 0 1 < f <. 3.1lf0'

o~i

0 ,if 3.1 foi < f

C2 is the refractive index structure constant of segment i and Z is
N,i
the distance from the virtual point source to the center of segment i.
Veff,i is the effective wind velocity across the beam at segment i and

can include the effects of beam sluing by combining with the actual
crosswind velocity according to

Veffi M gw,i + b(Zi - Zd) ,

where the plus or minus sign is chosen to account for the wind being
opposed to or in the same direction as the angular sluing. The power
spectrum for frequency f is

N

Fa(f) IF i(f)

i-i
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The variance of the power spectrum is the integral over frequency, or

M

2 I Fa(fi)Af

i-0

where M is the number of frequency values chosen.

Values obtained for the power spectrum are next combined with a
set of random values chosen so as to have zero mean value and unity
variance. This gives a random sequence of values having the same vari-
ance as the calculated power spectrum. The relation used to form the
random sequence is

Nr (f i Nr i /Fa(fi)/At

where Nr, i is one of the normally distributed random values and At is

the time interval between values in the time domain chosen so that

MAfAt - 1

A symmetric array of 2M values is obtained by folding the N r(fi) array

to give an equal number of negative frequency values. Fourier trans-
forming the resulting 2M array gives an ordered sequence of values
representing the tim_ interval -T -< 0 -5 T, where T - MAt. The second
half of this sequence represents one component of beam jitter. A second

set of independent values is obtained in the same manner for the other
component of angular jitter to give spot centroid motion at the target.

To obtain beam jitter for the target-to-seeker path, the power
spectrum of angle-of-arrival fluctuations is determined by a similar
procedure except that angle-of-arrival isoplanatism effects must be
considered. The complete procedure has been discussed in detail by
Fried [21. Total power spectrum for the two paths becomes

FT(f) F F(f) + F v(f)

where Fv(f) is the power spectrum associated with the viewing process

from the seeker.

The method for target spot size determination proposed by Fried [21
is to make use of his short-exposure resolution theory for the turbulence-
induced and diffraction-limited beamspread. The calculation of the
effective beamspread becomes
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where er = 1.128 X/ro and the function D(Dd/r) is determined by eval-

uating the integral

7o/ o/  udu C u- -u(I

where r0 is the coherence length for the designator path.

0oV

Total angular beamspread is determined by combining with the trans-
mitter optical divergence according to

d)\53/1/

es - (e + d

and the corrected spot size at the target including turbulence, diffrac-tion and designator optics becomes

Comparisons of the results of calculations of beamspread made by
this method with the methods of others have shown differences in spot
size which become quite large under conditions of strong turbulence.
Resolution of these differences to determine a preferred method of

calculating spot size awaits an experimental validation.

III. MOLECULAR AND AEROSOL ATTENUATION MODELS

Methods for the prediction of molecular and aerosol absorption
and scattering developed for other programs were adapted for use in the
present effort. Models developed for the Army Atmospheric Sciences
Laboratory by Miller et al. [3] and Gomez et al. (4] are particularly
applicable to the kinds of problems considered. Brief descriptions of
these two models are presented in this section. Input data instructions

for making calculations are included in the Appendix.
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The molecular absorption and scattering model [3] uses the AFGL
(formerly AFCRL) line parameters compilation [51 and computes high
resolution molecular absorption, molecular continuum absorption, and
Rayleigh scattering coefficients. Property data for the 1962 US Standard
Atmosphere are built into the model, or alternate tables of atmosphere
data may be user supplied. Line shape options include Lorentzian, gen-
eralized Voigt, and collision narrowed line profiles. The output pro-
vided by this model are the absorption coefficient, Rayleigh scattering
coefficient, and transmittance for the frequency range specified.

Calculations performed by the attenuation model [41 for aerosols
are based on standard Mie theory for homogeneous spheres and prov-de
the scattering and absorption coefficients as well as the phase function
data necessary for radiative transfer calculations. Input data required
are the laser wavelength, index-of-refraction, size distribution, and
particle density of the scattering medium. Several size distributions
are provided as "built-in" options, or the user may supply stzt: distri-
bution and particle density from measured data. Output from this model
may be obtained in punched card form for use as input into radiative
transfer models or this model may be used simply as a subroutine in the
RT model as in the present application.

IV. RADIATION TRANSPORT MODELS

To predict the effects of radiation absorption and scattering
on a laser guidance system, a method to determine the amount of energy
reaching the target and receiver is required. Under conditions of only
moderate aerosol densities, methods which consider first-order or single
scattering effects are usually adequate. Under conditions of very dense
aerosols such as heavy fog or smoke in the transmitting region, however,
second and higher order scattering effects become important,and more
complex procedures are required. Models using both methods of approach
to radiation transfer were developed during this effort. An existing
Monte Carlo method for performing multiple scattering calculations
modified and adapted to the present problem is described in a separate
report [6]. The remainder of this section presents a method employing
first-order scattering.

The geometry for the model presented here consists of a laser
transmitter, an absorbing and scattering medium, the target, and a
receiver viewing the target (Figure 2). The target receives energy by
direct transmission and by scattering from aerosol particles located in
the beam and reflects part of the energy received. Energy reaches the
receiver by reflection from the target and by scattering from aerosol
particles in the transmitter beam located within its field-of-view.
The transmitting range is divided into segments and the procedure is
used to calculate the energy scattered from each segment to the target
and to the receiver. The target area is divided into annular rings to
determine the distribution of scattered and directly transmitted energy.

9
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The basic relationship used in making the calculations of energy
scattered to each area receiving radiation from a segment of length 6Z
becomes

where

P = the transmitter output power0

a = the total attenuation coefficient due to scattering plus
absorption

Z. - the range to the center of the scattering segment1

W = the albedo or ratio of scattering to total extinction

P( i) - the normalized phase function at the angle ei to the
receiving area Ar

r. - the path distance from the center of the scattering segment
1 to the receiving area and the last term accounts for

attenuation along ri.

The total energy reaching the target area from N segments plus directly
transmitted radiation is

Pt Z P e j P i

i1l

The scattered energy is summed over all the annular areas of the target
and the sum over N segments gives the total energy scattered to the
target (neglecting higher order scattering). For the directly trans-
mitted radiation, a gaussian distribution is assumed and the average
intensity is computed for each annular area from scattered and directly
transmitted radiation.

Reflected energy from the target (assumed to be a diffusely
reflecting surface) that reaches the receiver is computed by the
relation

P r,t = PPt -
A' 3 A(27'Z

-..... . o..(.. .. ..



where

p = the target reflectivity

= - the receiver viewing angle to the target normal

A = the receiver area
r

Z r = the range from the target to receiver.

rr
For a receiver with field-of-view e viewing the target at angle cD to

the incident beam, the beam length ZM seen by the receiver is

sir
ZM siny

where y i r - s - e /2 and the distance from the receiver to the beamr

intersection point ZL is given by

Z sinq
ZL sin 7

The path length ZM is divided into M segments of length ZiZM; the

relation used to determine the energy reaching the receiver from all
segments becomes

P Pe '(1 - el M P (i e
rs 0 1 o

iiLi

where y is the angle (counterclockwise) from each segment to the
receiver and Z is the distance from the center of each segment to the

receiver. The total energy reaching the recei-"r by reflection and
scattering becomes

P -P +Pr r,t r,s

In practical cases of interest to the Army, the laser transmitting
region consists of a clear atmosphere over most of the path and a smoke
cloud or heavy aerosol concentration over the remaining distance. Pro-
vision has been made in the model described here by the introduction of

12



a parameter, Z cloud giving the distance from the transmitter to the

beginning of the aerosol cloud. Then, in performing the computations,
if Zi < zcloud' no absorption or scattering takes place. When
Z - Zcloud, the computations are performed as previously shown.

Similarly, in performing the computation of energy reflected and trans-
mitted to the receiver, no attenuation takes place once the cloud has
been exited.

13



Appendix. UTILIZATION INSTRUCTIONS

All of the models discussed in this report have been adapted for
use on the Army Missile Materiel Readiness Command (MIRCOM) CDC 6600
computer at Redstone Arsenal. This appendix describes briefly the input
data required for each of the computer models and contains Fortran
listings of the in-house developed models. Instructions for use of the
Monte Carlo radiation transport model is presented in a separate report
prepared by Radiation Research Associates personnel [7].

1. Turbulence-Induced Beam Wander

Required input data for the turbulence-induced beam wander model
consists of run options, laser transmitter characteristics, range and

time period, tables of refractive index structure constant, C2, and

windspeed for transmitter and seeker paths, array sizes for frequency,
and range segments. The following list contains input data card formats,
variables read on each card, and a description of each variable. The
CDC 6600 computer program library must be attached for each run.

Card Description

1 IOPT, NRUNS
Format (214)

IOFT - 1, calculations for designator path only
- 2, calculations for designator and receiver paths

NRUNS - Number of cases to be run. A complete set of
the remaining data cards are required for each
case.

2 LAMB, DIAM, THET, TDOT, RANG, TIME
Format (6EI0.4)

LAMB - laser wavelength in meters
DIAM - diameter of laser designator aperture in meters
THET - beamspread angle of laser designator in radians
TDOT - angular slue rate of laser designator in

radians/second
RANG - distance from designator to target in meters
TIME - time duration of beam wander calculation in

seconds

3 N, M, N2
Format (314)

N - Number of segments in designator path
M - number of frequencies in power spectrum calculations
N2 - Number of segments in seeker to target path. Not

needed if 1OFT - 1.

15



Card Description

4 CN(I), I 1 1, N
Format (7E10.4) 2 -2/3

CN(I) -2values of C for laser designator path in (meter)

One value required for each segment.

5 VI(1), I - 1, N
Format (7E10.4)

Vl(I) - values of crosswind velocity for designator path
inmeters/second. One value required for each
segment.

Note: If IOPT = 1, no more cards are needed. If IOPT-2,
the following cards are required.

6 DlV, RlV
Format (2E10.4)

DlV = seeker aperture diameter in meters

RIV = seeker range to target in meters

7 CN2(I), I - 1, M
Format (7EI0.4)

CN2(£) - values of C2 for seeker path in (meter) 2 / 3.

One value required for each segment.

8 V2(I), I - 1, M
Format (7E10.4)

V2(I) - values of crosswind velocity in seeker path in

(meter)"  . One value required for each
segment.

2. Molecular Attenuation Model

The following list presents the data input needed for the molecular
absorption model in use at the US Army Missile Research and Development
Command (MIRADCOM). This information was extracted from the report by
Miller et al. [3] which included additional input information. Spectro-
scopic data required are obtained from the AFGL tape which must be
requested from the MIRCOM tape library for each run. The current serial
number of the AFGL data tape used is S08997.

Card Description

1 ALTI, ELVTN, DIST, IHR, ICM, IRL, IAL, ID
Format (3F5.1, 411, 60K, II)

ALTI - initial altitude of path in kilometers
ELVTN - angle of elevation in degrees of path from the

horizontal

16



Card Description

1 DIST - distance of path in kilometers
IHR - digit 1 to include high resolution molecular line

absorption effects, 0 otherwise

ICM - digit 1 to include molecular continuum absorption
effects, 0 otherwise

IRL - digit I to include Rayleigh scattering effects,

0 otherwise
IAL - not used; leave blank or 0
ID - digit 1 in column 80

2 Vi, V2, CINC, FINC, SETBAK, BOUND, ACY, ID
Format (2F12.4, 2F10.4, 2F8.4, El0.3, 9X, II)

V1 - starting frequency in cm 1

-1
V2 - end frequency in cm

-lCINC - coarse increment in cm
-1

FINC - fine increment in cm

SETBAK - wave number interval from line centers at which
reversion to FINC should occur

BOUND - MAXIMUM half width of integration range
AC.Y - a measure of accuracy desired in terms of magnitude

ot transmittance (not a 7.)
ID - digit: 2 (in column 80)

3 NGDN, NADN, !CPN, IPRO, NP, DELV, SLIT, ID
Format (511, F8.5, F8.4, 58X, Il)

NGDN - number of atmospheric model or gas density versus
altitude distribution

- 0 (zero) for US 1962 Standard Atmosphere
- 9 for user supplied atmospheric model

NADN - not used; leave blank or 0

ICPN - 0 for continuum calculation only at one wave-
number (the average value of VU and VL will be
used ordinarily)

- 1 for continuum calculation at every high-
resolution wavenumber

IPRO - 0 for Lorentzian line profiles

- 1 for collisionally-narrowed line profiles
- 2 for generalized Voight profile

NP - not used; leave blank or 0

DELV - increment in cm "1 for frequencies at which trans-

mission res,,lts are degraded
SLIT - half width of response function (triangular)

SLIT - 0.0 prevents convolution by the triangular
slit

ID - digit; 3 (in column 80)

17



Card Description

4 ALT(I), P(I), TEMP(I), AIR(I), H20(I), 03(I), G8(I), G9(I), GlO(),
(One per ID Format (F5.1, ElO.4, F5.l, E1O.4, E9.3, E9.3, 3E0.4, IX, If)
altitude) ALT(1) - altitude in kilometers for ith data set for gases

P(I) - pressure in mb at ALT(I)
TEMP(I) - temperature in degrees Kelvin at ALT(I)

3AIR(I) - density of air in g/m at ALT(I)
3H20(I) density of water vapor in g/m at ALT(I)

303(1) = density of ozone in g/m at ALT(I)
G8(I), G9(I), GlO(I) = densities of additional optional

gases in mol/cm 3 at ALT(I)
ID -m digit 4 (column 80)

5 DALT(I), DENS(I), ID
Format (F5.1, E1O.3, 64X II)

DALT(I) = altitude in kilometers for ith data set for

aerosols
DENS(I) - density of aerosols in particles/cm at DALT(I)
ID - digit 5 (column 80)
A final type 5 carrying DALT( ) = 999.0 is required

Note: Type 4 and 5 are needed only if the user wishes to
insert his own density versus altitude models for
(Type 4) gases and/or (Type 5) aerosols. Each type
requires one card per altitude.

3. Aerosol Attenuation Model

Input data required for the aerosol attenuation model have changed
somewhat from the format presented by Gomez et al. [4], but the calcula-
tions performed remain essentially the same. Additional size distribu-
tion options have been built into the model and the input data have been
rearranged slightly. This model is used to provide the phase functions
and aerosol attenuation coefficients for the First-Order Radiation
Transport (FORT) model.

Card Description

1 WAVE, DENS
Format (2E12.6)

WAVE - laser wavelength in micrometers
DENS - particle density in particles/cc

18



Card Description

2 IDSTP, NRADI, NCRDS, IT, MQRTE, MCRTE
Format (615)

IDSTP - 0, 1, ..., 7, size distribution option. See
Card Type 3 for details.

NRADI - number of different radii in size distribution.
If IDSTP - 5, NRADI is used to give number of
different ranges in size distribution.

NCRDS - 0, for printed output only
- I, for printed and punched output

IT - number of terms desired in the phase function
expansion.

MQRTE, MCRTE normally blank, but can be used to obtain
additional printed output.

3 Data to be input here depend on the value of IDSTP given on
Card Type 2.

If IDSTP-O - "Arbitrary" distribution
F(I), R(I), I-l, NRADI
Format (2E20.10), number of input cards required -NRADI

F(I) - number of particles of radius R(I)
If IDSTP-1 - log normal distribution

RBAR, SIGMA
Format (2E20.10)

RBAR - mean radius
SIGMA - standard deviation

If IDSTP-2 - Wynn/Dawes exponential distribution
RLO, RHI, CUE, A, B
Format (5E12.6)

RIO - lower radius of distribution in micrometers
RHI - upper radius in micrometers
CUE, A, B are constants in distribution

If IDSTP-3 -DeirmendJian Model C.
No input needed; parameters are fixed.

If IDSTP-4 - Junge distribution
RLO, RHI, CUE, A
Format (4E10.4)

RIO - lower radius in micrometers
RHI - upper radius in micrometers
CUE, A are constants in distribution

If IDSTP-5 -- Modified gamma distribution
RIO, RHI, RC, ALF, GAM, DENS, NRADI
Format (6E12.6, 13)
Number of cards required equals value of NRADI read in
Card Type 2.

RID - lower radius in micrometers
RHI - upper radius in micrometers
RC * mode radius in micrometers

19



Card Description

3 ALF, GAM are constants in distribution
DENS = particle density in this range

NRADI = number of radii in this range
If IDSTP=6 FOG model

VIS
Format (E20.i0)

VIS = visibility in kilometers
If IDSTP=7 -Hoidale dust model

VIS
Format (E12.6)

VIS = visibility in kilometers

4 EM, CAY, EMM, CONC
Format (4FI0.6)

EM = real part of particle index-of-refraction
CAY magnitude of imaginary part of particle index-of-

refraction
EMM m index-of-refraction of atmosphere usually 1.0
CONC is not used in this version: internally set to 1.0.

4. First-Order Radiation Transport (FORT) Model

The aerosol attenuation model described in the previous section is
contained as subroutines in the FORT model. Data input for the FORT
model consist of the three cards described in the following list of data
followed by the input described in the previous section for the aerosol
model. A complete Fortran listing is included at the end of this
section.

Card Description

1 LAMB, DIAM, THET, RANG, POWR, ZCLOUD
Format (7EI0.4)

LAMB - laser wavelength in meters
DIAM - transmitter aperture diameter in meters

THET - laser beamspread angle in radians
RANG - distance from transmitter to target in meters
POWR - transmitter output power in meters
ZCIWUD - distance from transmitter to aerosol cloud in

meters

2 ZR, PHI, THETR, DR, RHO
Format (5EI0.4)

ZR - range from target to receiver in meters
PHI - viewing angle of receiver in radians
THETR - field of view of receiver in radians
DR - diameter of receiver aperture in meters
RHO - reflectivity of target

20



Card Description

3 NZ, NR, NM
Format (314)

NZ = number of segments in transmitter path
NR = number of annular areas on the target
NM = number of segments in transmitter path within

field-of-view of receiver.

Card Type 4, etc., for this model begin with Card Type 1 described in
previous section of this appendix.

21
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FORTRAN LISTING OF TURBULENCE INDUCED BEAM WANDER MODEL

PROGRAM MAIN(INPUT=65flI)lTPT=65, TAPE5=INPIJTTAPE6=OUTPJT) I
C MICOM POINTING JITTER PROGRAM
C CALCULATES rIsBULENCE INDUCED POINTING JITTER AND POWER SPECTRUM
C FOR LASER TARGET DESIGNATOR AND TERMINAL HOMING SEEKER

C X****REUIREU INPUT DATA***** I
C IOPT = 1, CALCULATIONS FOR DESIGNATOR PATH ONLY

C 2, CAL.ULATI(NS FOR DESIGNATOR AND SEEKER PATHS
C NRUNS = NO. OF CASES TO BE Z;ALCJLATE. I SEPARATE SET OF DATA IS

C REQ)liIREI) FOR 'ACH CASEH I
C LAMB = LASER WAVELENGTH IN MtTERS
C DIAM = LASER TARGET DESIGNATUR APERTU1RE DIAMETER IN AErERS

C THET = LASER BEAMSPREAD ANGLE IN RADIANS
c rUOT = LASER BEAM4 SLUE RATE IN RArIANS/SECONO
C RANG = PROPAGATION RANIF F4O'i TARGET DESIGNATOR TO SPOT IN METERS
C TIME = DURATION OF CALCULATION OR TEST IN SECONDS
C CN(I) = VALIIES OF REFRACTIVE INDEX STRUCTURE CONSTANT (CN)I= 2
C WITH ONE VALU, E FOR EACH SEGMENT OF RANGE FROM LASER
C DESIGNATOR TO TARGET (IN METERS**(-2/3))
C VI(I) = SET OF VALUES D,: CR9SSWIND VELOCITY CORRESPONDING TO

C EACH SEGMENT OF RANGE FRO4 LASER DESIGNATOR TO TARGET(M/SEC)
C M = NO. OF REQUENC;IES FiUR WHICH POINTING JITTER POWER SPECTRUM
C IS TO BE CALCULATED
C N = NO. OF SEGMENTS OF LENGTH DELZ FROM DESIGNATOR TO TARGET
C DtV = DIAMETER OF SEEKER APERTU4E IN METERS
C RIV = RANGE FROM TARGET TO SEEKER IN METERS

C CN2{I) = VALUES OF REFRACTIVE INDEX STROCTURE CONSTANT FOR EACH
C SEGMENT OF RANGE FROM TARGET TO SEEKER (METERS**(-2/3))
C V2(I) = VALUES OF CROSSWIND VELOCITY FOR EACH SEGMENT OF RANGE
C FROM TARGET TO SEEKER
C N2 = NO. OF SEGMENTS OF LENGTH OELIV FROM TARGET TO SEEKER

DIMENSION CN(20),VI(20),FO(2U),RO(20),FR(1025),PS( 10251,V2(20)
COMPLEX RAN(2048)

COMMON/Z/ FOROLAMB
.COMMON /XX/ CN2120),OIVRIVWN2

COMMON /YVI RAN
COMMON /ZZ/ ORO
REAL LAMB
EXTERNAL OESUB,FALPH

10 FORMArf7EIO.4)
20 FORMAT(314)

READI ,20) IOPT,NRUNS
DO 1000 LL = 1,NRUNS

REAl..( W 10) LAMB, ODAM, THET, TDOT,RANG, FIE
READ(5,20) NMN2
READ(5,1O) (CN(IJ,I = I,N)
READ(5 I, ) (VI(I),{ = 1,N)
IF(IOPT ,EO. 1) GO TO 145

READ(5,1O) D1VRlV
READ(5101) (CN2(I ),I=IN2)
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READ(5,10) (V2(I,f 1,N21
25 FORMAT(* CALCULATION OF PFWER SPECTR(IF. AND rJRkUIl.ENCE INO1)CEI) Pni

INTING JITTER OF A LASER TA,.,(;T DFSIGNATOR*//)
30 FORMAr(* CALCULATION OF POWER SPECTRUM AND TURBULENCE INDUCED PnI

INTING JITTER OF A LASER TARGET DESIGNATOR AND SEEKER*//)
40 FORMAT(* LASER WAVELENGTH :y;,EI.).4,* METERS, I)ESIG. APERr. DIAM=*

1,F1O.6,* METERS, BEAMSPREAt) ANGLE =*,FIO.6,* RADIANS*/)
45 FORMAT(* SEEKER APERT. DIAM. =4,FlO.6,*MErERS, RANGE FROM TARG;ET T

10 SEEKER =*,F1O.2,*METERS*/)
50 FORMAT(* BEAM SLUE RATE =*,1O.6,*RAD/SEC, DESIGNATION RANGE =*,F

110.2,* METERS*/)
55 FORMAT(* DURATION OF TEST IS -,FIO.4,, SECONDS;./)
60 FORMAT(* NO. OF SEGMENTS IN nDESIGNATf)R PATH =;:,i3/)
65 FORNA r( : NO. OF SEGMENTS IN SEE(,R PATH = ;x,3/)
70 FORMAT(* NO. OF FREQIiENCI-S FOR WHIZH POWER SPECTRIM IS TO BE CAL

ICULATEU =,I4//)
80 FORMAT(* VALUES OF REFRACTIVF INDEX STRIUCTURE CONSTANT AND WIN'D S

iPEED IN DESIGNATOR PATH*/)
85 FORMAT(* VALUES OF REFRACTIVE INDEX STRUCTURE CONSTANT AND WIND S

IPEED IN SEEKER PATH*/)
90 FORMAT(* SEGMENT NO. = *,12,*, REF. INDEX STRUCTURE CONST. =*,E12

1.6,* (METER)2/3 , WIND SPEED =*,FO.4,* ,AErER/SEC*/)
100 FORMAT(* VALUES OF FREQUENCY FOR WHICH POWER SPECTRUM CALCULAFID

INS ARE TO BE MADE*/)
110 FORMAT(5FI6.6)
115 FORMAT(IOEl2.4)
120 FORMAT(* FOR FREQUEIJCY O: *,FIO.4,* HERTZ, THE CALCULATED POWER S

IPECTRUM IS *E12.4,*, THE VARIANCE IS*E12.4/)
130 FORMAT(IHO)
140 FORMAT(lHI)
145 CONTINUE

WRIT E( 6,140)
IF(IOPT .EO. 1) WRITE( 6,25)
IF(IOPT .EQ. 2) WRITE( 6,30)
WRITIE(6,40) LAMBDIAM,THET
IF(IOPT .EQ. 2) WRITE( 6t,45) OV,RIV
WRITE(6,50) TDOrRANG
WRITE(6,55) TIME

WRITE(6,b0) N
IF(IOPT .EQ. 2) WRITE(6,65) N2
WRITE(6,70) M
WRIT E(6,80)
DO 150 1 = 1,N

150 WRITEf6,90) I,CNII),V1(I)

WRITE(6,130)
IFIIOPT .EQ. 1) GO TO 156
WRITE(6,8 5)

DO 155 1 = I,N2
155 WRITE(6,90) 1,CN2Il),V2(I)

WR IT E( 6, 130)
C COMPUTATION OF TIME, FREQUENCY ANT) SPATIAL INCREMENTS

156 CONTINUE
DELT = TIME/M $1)ELF 1./TIME
DELZ = RANG/FLOAT(N) SDFLIV IV/FLnAT(N2)
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MM M + M SML =M + 1 SMMI MM I SMM2 mm + 2
MS0 SORT(FLOAT(mmfl
DO 160 1 = 2,Ml
FRII) = I - 1)*DELF

160 CONTINUE
R2 = UIAM/THET
R = RANG + R2
02 = DIAM + THET*RANG

C COMPUTATION OF EFFECTIVE- WINO VELOCITY, COHERENCE LENGTH ANn
C NORMALIZATION FREQUENCY FOR EACH SEGMENT OF PATH FROM LASER
C DESIGNATOR TO TARGEr

ZI = R
Zi = UELZi2.
ROT = 0.0
DEL =0.0
00 200 I = 19N
ZI = ZI + Z1
ZI = UELZ
VEI = VIM) + TFOOT*(ZI - R2)
ROML (16.7*OELZ*CNII)*IZI/R )**1.66667/(LAMB*LAMB))
FOMl VEI /(3.14159*D2*ZI/R)
ROT =ROT + RO(I)
DEL = UEL + DELZ*CN(IH*(RANG - ZH)/RANG
ROll) =RO(I)**(-.6)

200 CONTINUE
ROT a ROT**(-.6)

C COMPUTACION (IF BEAM SPREA0 ANGL.E WlE T13~R~5EC AND3 DIFFRACTION
C COMPUTATION OF SPOT DIAMETER ON TARGEr

OD= DIAM/ROT
CALL IGRAT(0.q1. ,.O1, l,DESUB,RORO)
RDRO = 1.O/(SQRT(5.092958*IORO)**2*RI)RO))
THET12 =1.128*LAMB/ROT*RDRO
DTHEr SQRT(THErl2**2 + THEI**2)
D22= UIAI4 + DTHET*RANG
WRITEI 6,210) D2,R2,RO)EL,022
WRIT El6,240)
WRITE16,I1O) (ROll )9=1,N)
WRITE(6, 130)
WR IT El6,2 45)
WRITE(6,lIO) (FOl ),1=1,N)

210 FORMAT(* SPOT DIAM. =*,E12.6,*, R2 =*,I-10.4,*, R1+R2 =*,F1O.4,*,
1DEL = *,E12.6/,* TURB. INDUCED SPnF 0 lAM. = *E12.6/)

240 FORMAT(* VALUES OF ROll), I = 1, N)*/)
245 FORMAT(* VALUES OF FOI)f. I = 1, N)*/J

c compurATION OF ANGLE OF ARRIVAL POwFR SPECTRUJM OF LASER DESIGNArOR
F2 = 0.
iSM1 = 0.
DO 300 J = 2,MJ
F - FR(J)
Fl =0.
CALL SPECrI F,Fl,D2,N)
PSIJ) = Fl
IF(IOPT .EQ. 1)PS(J) =Fl$102/DIAM)**2

F2 =F2 + PSIJ)*DELF
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IF(J .LT. M)GO TO 300
IFCIOPT .EQ. I)WRITE(6, 12(flFPS(J),F2

300 CONTINUE
IF(IOPT .EQ. 1) GO TO 306

C COMPUTATION OF EFFECTIVE WIND VELOC ITY, COHERENCE LENGTH AND
C NORMALIZATION FREQUENCY FOR EACH SE:GMENr OF PATH FROM
C TARGET TO SEEKER

ZI = 0. $11 = DELIV/2.
DO 220 1 = 1,N2
ZI =ZI + Z1
Z1 = UELIV
VEI =V2(I) + TOOT*lRANG - ZI)
ROHI) = (16.7*FOELlV*~CN42(I )'(ZI/RlV)**1.66667/ILAMB*LAMB))**I-.6)
FOH)l = VEI/(3.14159*D1V*ZI/RIV)

220 CONTINUE
WR IT EC6,130)
WRIT E( 6,2400)
WRITE(6,11O) (RO(I),I=1,N2)
WR ir N 6,130)
WR IT EC6, 2450)
WRITE(6,110) (FOCI ),[=1,N2)

2400 FORMAT(* VALUES OF ROCI), I = 1, N2)*/)
2450 FORMAT(* VALUES OF FOCI), I = 1, N2)*/)

C COMPUTATION OF TURBULENCE INDUCED POINriNG, JITTER POWER SPECTRUM
C FROM TARGET SPOT TO LASER SEEKER. COMPUTATION OF TOTAL POWER
C SPECTRUM FROM LASER DESIGNATOR< TO SEEKER AND POWER SPECTRUM VARIANCE

CALL THETD(THETAOFALPH)
WRITE(6, 140)
F2 = 0.
DO 305 J = 2,MI
F =FR(J)
Fl 0 .
CALL SPECT( F, r1,OIVN2)
PS(J) = PS(J) + Fl/(l.+(C02/CR1,v*THETAO))**2)
PS(J) = PS(J)*(02/DlV)**2
F2 = F2 + PSCJ)*DELF
IF(J .LT. M)GO TO 305
WRITEC 6,120) F,'PSI j)9F2

305' C ONITINUE I
306 CONTINUE

WR IT E 6,3 10)
WRITE(6,115) (PSCJ),J =19MI)
WR ITE( 6, 130)

310 FORMAT(* CALCULATED POWER SPECTRUM VS. FREOIiEN:Y*/)
00 1000 L = 1,2
WRIT E(6, 140)
WRIrE(6,320) I

320 FORMAT(* /// OT eU0T FOR D~IRCTIO(N *,12,*///*)
C GENERATION OF RANDOM SEQUENCE HAVING, SAME POWER SPECTRUM VARIANCE
C AS INDUCED BY TURBULENCE. AUD) SYMMETRIC TERMS FOR NEGATIVE
C FREQUENC-I ES. COMPUTE MEAN AND VARIANCE OF RANDOM ARRAY

RAN(I) = (0.,O.)
DO 350 1 =2,Ml
MMM MM2 -I
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RANII) = DNRMALI0.,1.0)*SORT(PS(I)/DELT)
RAN(MMM) = RANI)

350 CONTINUE
WRIT E(6, 130)

C COMPUTE AND WRITE MEAN AND VARIANCE OF RANDOM ARRAY
WRITEI 6,360)
CALL MEANVARI1,M)

C FAST FOURIER TRANSFORM RAN''M ARRAY
CALL FFT(RANMM,+1)
DO 4 ± I = IMM
RAN(C) = RAN(I)/MSQ

450 CONTINUE
C .OMPUTE AND WRITE P4EAN AND VARIANCE flF TIME SEDIIENCF.

WRITE( 6 480)
CALL MEANVARQMIMM)
WRIT E1 6 130)

C wRIrE TRANSFORMED ARRAY VALUES CnRRFSPnNFINr, Tn TIME VALUES
C OF POINTING JITTER FOR ONE IECTION.

WRITE(6t 130)
WRITE(6,460) DELT
WRITE(6,115) (REAL(RAN(I)),I = M1,MM)

1000 CONTINUE
360 FORMAT(* MEAN AND VARIANCE OF RANDOM ARRAY*//)
460 FORMAT(* VALUES OF POINTING JITrFR AT *,FIO.6,* SEC INTERVALS BEG

fINNING AT T = 0*/)
470 FORMAT(* RANDOM VALUES VS. FREDJEN,-Y AT*,FlO.4,* HZ INTERVALS*/)
480 FORMAT(* MEAN AND VARIANCE OF TIME SEOUENCE*//)

END
SUBROUTINE SPECT(FtFI,02,N)
COMMON/Z/ FO(20)qROI20),LAMB
REAL LAMB
FACT = 1.32E-2*(LAMB/D2)**2
Fl =0.
DO 250 1 = 1,N
IFIF .LE..332*FO(I)) G =1.
IFIF .GT..332*FO(I)) G =1.12 - .361*F/-O(1)
IF(F .GE.3.10*FO(I)) G =0.
Fl = Fl + FACT*((D2/RO(I))**5/(F**FO(I)))**.33333*G

250 CONTINUE
RETURN
END
SU3ROUTINE OESUBEXYtNnEQ)
COMMON /ZZ/ DRO

1 Y=X*((ACOS(X)-X*(1.-X**2)**.5)*EXP(-3.44*(OROX)**1.6667*(I.-X**O.
13333)))
RETURN
END
SU3ROUTINE THETO(THETAOtFALPH)
COMMON /XX/ CN2(20)tDIVRlVtN2
DELIV = R1V/FLOAT(N2)

C CALCULATE DIINF
D1INF=O. $SI=0ELIV/2. SS =0.
OIV3 = (DIV)**(-.3333)
DO 20 1 a l9N2
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S =S + Sl
DIINF=UELIV*CN2(1)*((S/RlV)" 1.6667) +DIINF

20 Si UELIV
DIINF =0.5*11.97.DlV3*niINF

C INITIAL ESt'IMATE FOR THETAO
WRITE(6,35) DIINF
THETAO = .E-4

25 CONTINUE
x110o. suirHE=O. $S = 0.
Si = UELIV/2.
DO 30 1 = 1N2
S = S + SI
XII = THEFAO*-(RlV-S)/OIV
01THE: = UELIV*CN2cIJ*((S/RIV)**1.6667)*FALPH(XI1I +OITHE

30 Si = UELIV
DlTHE =V2THF*D1V3
IF(ABS((DlINF-DlTHE)/OlINt7) .LT. .001) GO TO040

THETAU = THETAO*'(l. +.5*(DIINF-r)IrHF:)/DlINF)
WRITE( 6,35) THETAUOiTHE
GO TO 25

35 FORMAT(2EI6.8)
40 CONTINUE

WRITE(6,35) DITHE
RETURN
END
FUNCTION FALPH(XIl)
DIMENSION A(B)
DATA (A(I),I=1,4f/.9871491U.3433,-5.90301,1.83619,-0.301442,

1 2.51509E-2,-9.75229E-4, 1.35618E-5/
IF(XI1 .Gt. .5623) GO TO 10
FALPH = IO.66*(UXII)**2)
GO TO 40

10 IF(Xll -. G.31.62) GO TO 20
FALPH = 0.0
Do 15 1 c 1,8

15 FALPt4 +AIUI1*(-I FALPH
GO To 40

20 IF(XIl .GT.1000..) GO TO 30
FALPH = 7.8*1lXll)**.06)
GO TO 40

30 FALPH = 11.97
40 RETURN

END
S U13ROUTINE MEANVAR(N1,N2)
COMPLEX RAN12048)
COMMON /YY/ RAN
REAL MEAN19MEAN2
MEAN1=MEAN2=VARlaVAR2=0.
Do 400 1 = N1,N2I MEAN1 = REALIRAN1I)) + MEANI
MEAN2 = AIMAG(RAN(I)) + MEAN2
VARI =(REAL(RANEI)))**2 + VARI
VARZ = (AIMAGIRANII)))**2 + VAR2L400 CONTINUE
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MEANI =MEANI/FLOAT(N2 - Ni)
MEAN2 a MEAN2/FLDATIN2 - NI)
VARI aVARJ/FLOAT(N2 - NI)
VAR2 aVAR2/FLOAT(N2 - NI)
WRITE(6,700)MEAN1, MEAN2
WRITE(6,800)VARltVAR2
RETURN

700 FORMAT (* MEAN OF REAL PART =,E12.6,*, MEAN OF IMAC, PART =*EI2.6/)

800 FORMAT(* VAR. OF REAL PART =*,E12.6,*, VAR. OF IMAG PART =*E12.6/)
END
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FORT,<AN LISTIN(; OF .IRST-UKI)tR RAO)IATION TRANSPORr MOI)EL

PROGRAM FORT(INPUT=65,OUTPUT=65, TAPE5=INPUT, TAPE6=OUrPUT)

C PROGRAM TO COMPUTE FIRST OROER RADIATION TRANSPORT FROM A LASER 000110
C TRANSMITTER TO A TARGET AND THE REFLECTED AND SCATTERED RADIATION 000120

C TO A RECEIVER VIEWING THE TARGET 000130

C *****REQUIREV INPUT DATA***** 000140

C LAMB = LASER WAVELENGTH IN MICROMETERS 000150

C DIAM = TRANSMITTER APERTURE DIAMETER IN METERS 0001",

C rHET = LASER BEAMSPREAD ANGLE IN RADIANS 000170

C RANG = PROPAGATION RANGE FROM TRANSMITTER TO SPOT IN METERS 000140

C POWR = TRANSMITTER OUTPUT POWER IN WATTS 000190

C ZCLOUD = DISTANCF FROM TRANSMITTER TO CLOI) IN METERS 000200

C ZR = RANGE FROM TAR1;ET rO RECrIVER IN METERS 000210
C PHI = VIEW ING ANGLE OF RE .LIVER IN RAD)IANS 000220

C rHETR = FIELD OF VIEW OF RECEIVE4 IN RADIANS 000230
C OR = RECEIVER DIAMETER IN METERS 000240
C RHO = REFLECTIVITY OF TA4GET 000250

C NZ = NO. OF SEGMENTS 0' LENGTH DELZ FROM TRANSMITTER TO lARGEJ' 0002.0
C NR = NUMBER OF ANNULAR AREAS IN THE TARGET SPOT 000270
C NM = NUMBER OF SEGMENTS OF TRANSMITTER PATH SEEN BY RECEIVER 0002AO

DIMENSION ZN(20),RNI20),P IOU),CI100),AREAI20),PWRI20),AINT(20) 000300
DIMENSION GAM(20)ZL(20) 000310

COMMON/B(2 / C, ALBDOLLLLNCRDSIT,ITTNRAOI 000320
REAL LAMB,KEXT 000330

10 FORMAT(7E10.4) 000340

20 FORMAT(314) 000350
READ(5,1O) LAMB,DIAM,THETRANGPOWRZCLOUD 000360
READ( 5,10) ZR,PHITHETR,DR,RHO 000370

READ(5,20) NZNRNM 0003RO
40 FORMAT(* LASER WAVELENGTH =*,F10.4,* MICRON, DESIG. APERr. DIAM=*000390

1,F10.6,* METERS, BEAMSPREAD ANGLE =*,FIO.6,* RADIANS*/) 000400
50 FORMAT(* DESIGNATOR RANGE =*,FI0.2,* METERS*/,* DESIGNATOR POWEROOO41O

I =*,FIO.3, * WATTS*/,# DISTANCE TO CLOUD =*,FIO.2,* METERS*/) 000420
55 FORMAT (* RECEIVER RANGE =*,F1O.2,* METERS, REC. FOV =*,10o.5,* R000430

IADIANS*/,* RECEIVER VIEWING ANGLE =*,F1O.4,* RADIANS, RECEIVER 0I000440

2AM. =*,F1O.6,* METERS*/,* TARGET REFLECTIVITY =*,FIO.61) 000450
60 FORMATI* NO. OF SEGMENTS IN DESIGNATOR PATH =*,13/* NO. OF ANNUJLOO04AO

JAR ELEMENTS IN SPOT =*,13/,* NO. OF SCATTERING SEGMENTS =*,13/) 000470
70 FORMAT(8F16.8) 0004RO

115 FORMAT(1OE12.4) 000490

130 FORMAT(IHO ) 000500
140 FORMAT(1H1) 000510

PI=3.1415926535898 000520
WRITE(6,140) 000530
WRITE(6,40) LAMBDIAMvTHET 000540
WRITE(6,50) RANG,POWRZCLOU) 000550
WRITE(6,55)ZR,THETR,PHI,DRRH' 0005A0
WRITE(6,60) NZNR,NM 000570

C COMPUTATION OF SPATIAL INCREMENTS 000580
C COMPUTATION OF SPOT DIAMETER ON TARGET 000540

IT = NR*NZ 000600

IOUT = IT - 2 000610

ZD = UIAM/THET 000620
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ZC = iZl + ZCLOUO 000630
ZT a MANG + ZD 000640
DT a (11AM + THET*RANG 000650
DZ = (iT 0006L6T0Z oo

DELe( a OT/FLOATINRI 000 690
ZI - DELZ/2. 000690
00 200 1 - 1,NZ 000700
ZI a ZI + ZI 000710
ZI a (JELZ 000720
ZN(I * ZI 000730

200 C ONT INUE 000740
WR I TE 169210 ) OT ,ZO, Z T 000750

210 FORMAT(* spor 111AM. z*,E12.6,*, Zn =*,Fl0.4,*, iT =*,FIO.4/) 000760
WRITE16iP215) 000770
WRITE(6,70) (ZN(1),I = 1,NZ) 000780

215 FORMAri* VALUES OF IZN(l)vi = INZ() 00079o
c :ompurATION OF RADIUS TO ANNULAR ELEMENrS nN TARGET 000900)
C COMPUTATION OF AREA OF ANNIULA-4 ELEMENTS ON TARGEr 000810

RI a 0. 000820
Al - 0. 000830
RI = LJELR/2. -000840

00 220 1 z lNR 000850
PWRII) a 0. 000860
Al a .)*UDELR*FLOATUI11**2J 000870
AREAM a Al - Al 000880
Al a Al 000890
RI a RI + RI 000900
RI a DEIR 000910
RN(I a RI 000920

220 CONTINUE 000930
WRITE(6,130) 000940
WRITE16,225) 000950

225 FORMATI* VALUES OF (IRN(I),AREAMif I = 1NR) *)000960
WRITE(6970) I(RNII)vAREA(IflI =1,NR) 000970
DO 230 J alNZ 000980
DO 230 1 a lNR 000990
ANG = ATAN(RNII)/(ZT - ZNIJUD) 001000
L a NI4*IJ - 1) +( 001010

230 C(L) COS(ANGI 001020
KK 001030
CALL AGAUSSIPtKEXT,KKK)
WRITE(6, 130) 001090

C URITE(6,235) 0010f60
C 235 FORMAri* VALUES OF (MCIL), Pil)), I = ,iN ) 001070
C WRITE(6,70) (C(I)hP(I ),C(IelbP(1'lbC( I.2),P( I+2hC(+3),P(I+3), OOI0Oft
C 11IIOUT,4) 001090

Do 240 1 19lNZ 001100
ZTZN a ZT -ZNIJ) 0011110
POWFAC a IPWR*EXi(-KEXT*(ZN(J)-ZCfl*(I.-EXPI-KEXT*OELZ2) 00IL20
i*EXPI -KEXT*ZTZN)*ALBOO 001130
00 240 1 *1,NR 001140
L a NR*Ij- 1) +1 001150
PWR(J) - iPWR(J) + PCnFAC*P(LJ*AREFA(11/(ZTZN**2 + RN(I)**2) 001140
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240 C ONT INUE 0011L70
WRITE(6, 130) 001190
WRITEI 6,245) 001190

245 FORMATI* POWER AND AVERAGE INTFNSIrY IN ANNULAR AREAS *)001200
TPOW = 0.0 001210
POWER = POWR*EXP(-KEXT*(RANG - ZCLOUD)) 001220
DO 250 1 = ivNR 001230
TPOW = TPOW + PWR(I1 001240
AINT(fl = PWR(IJ/AREA(I) 001250

250 C ONT INUE 001260
WRITE(6,70) ( (PWR(I ~,AINT(I )),I=1,NR) 001270
WRITE16,l30) 00 1290
WRIrE:(6,255) POWER,Ti-OW 001290

255 FORNIAT(* DIRECT Pflw-R TO TARGET =*vF16.89' WATTS4'/' SCAIFERED0O1300.
1 POWR TO TARGET =*Fl6.8,* WATTS*/) 001310
DO 260 1 =1,NR 001320
AINr(IL AINT(I) + 2.*PnWEk/(PlrrDrr)*ExP)(-2.*RN(I)*KN([)/(0T*nT001330

1)) 001340
260 CONTINUE 001,350

WRITE(69265) 001360
WRITEI 697OD (AINT( Ii,I=1,NR) 001370

265 FORMAT(* TOTAL INTENSITY = DIRECT eSCATTERED VS. RN(I)*/) 00L380
WRITE(69L30) 001390
THETR2 = rHETR/2. 001400
GAMA = PI - THETR2 - PHI 001410
AR = PI*DR*D)R/4. 001420
ZM = ZR*SIN(THETR2)/SIN(GAMA) 001430
IF(ZM .GT. RANG) ZM = RANG 001440
ZS = RANG - Z14 001450
IFIZS .LT. ZCLOUO2 ZS = ZCLOUD 001460
IT = NM 001470
IOUT = IT - 3 001480
IF(IOUT .LT. 1) lOUT = 1 001490
OELZ = (RANG - ZS)/FLOAT(NM) 001500'
WRITE(6,267) GAMAZMZS 001510

267 FORMAT(* GAMA =*,F1O.5,*, ZM =*,F1O.3,*, ZS =*,F 10.3/I 001520
ZI = ZS 001530
Zi = UELZ/2. 001540
D0 270 1 = 1,NM 001550
ZI = 11 + ZI 001560
ZI = UELZ 001570
ZN(I) = ZI 0015R0
ZLMI = SORT(iR**2 *(RANG-ZN(Il**2 - 2.*ZR*(RANG-ZN(II)*zO5EPVHI))O01590
TETAR = ASIN((RANG -ZN(I))*SINCPHI)/ZL(I)) 001600
GAMMI = P1 - TETAR -PHI 001610
C(I) = COS(GAMMI) 001620

270 CONTINUE 00 1630
WRITE4I6,275) 00 16 0~

275 FORMAT(* VALUES OF ((iNlI),ZL(I)l,I = 1NM)*g/) 001650
WRITE(6,70) I (ZN(I ),ZL(I)l,1=1,NM) 0016A0
WRITE(6,130) 001670
KK= 2 001690

CALL AGAUSS(P,KEXT,KKK)
PWRSR =0.0 001700
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00 280 J = ,NM 001710
ZLJ aZL(J) 001 7?o
IFIZCLOUD .GT. .001 *AND. ZR*COS( PHI) .GT. (RANG-ZCLJIJ0)) 001730

IZLJ - lZN(J) - ZCLOUJD)/COS(Pi - CAM(J)) 001740
PWRSR = PWRSk + JW*X(KX*Z()Z)*I-X(KX*EZ) 0017i0
IALBDO*P(J)*AR/(ZL(J)**2)*EXP(-KEXT*(ZLJ)) 00170

280 CONTINUE 001770
ZRCL aZR 001790
IF(ZCLOUD *GT. .001 *AND. ZR*CDS(PHI) .GT. IRANG-ZCLO)O)) 001790

1ZRCL a (RANG - ZCLOUIO)/COS(PHI) 00 1800
PWRTR z IPOWER + TPOW)*RHO*CUS(PIII)*AR/(ZR*ZR*PI)*EXIJ(-KEXT*ZRCL) 001810
WRITE(6,285) PWRSR,PWRTR 001820
WRITE( 6, 130) 00 18R30

285 FORMAT(* POWER SCATTERED FRUM BFAM TO RECEIVER =*vEl6.8,* WATFS4,/001940
I,"* POWER REFLECTED FROM TARGET rn REZEIVER =*,E16.8,41 WArTs*l) 00 10350

END 00180,1
SLhROUTINE AGAUSS(PSUM,OJTSUMtKKK)
Of hENSIDON Ft 500) 9R 500) 1FSUM II 10),tCI 100),9P (100),PSUM 1100 OOIS40
COMMON/8K2 / C, ALBrO0,LLLLN.RDSIT,ITT,NRAOI 001890

I FORMAT(615,49XI1) 001900
2 FORMAl 14FI0.6) 001910
3:FORMAT(24X,2(E20.10)) 001920
4 FORMAMIE2O.10) 001930
5 FORMAT(6E12.6,I3) 001940
6 FORMAT14E10.41 001950
7 FORMATJI 91OOH******AERDSoL DISTRIBUTION TYPE IS lNDEFINED*******00I9A0

*EXECUT ION CONTINUING ASSUM(NG NO AEROSOL MATERIAL) 001970
8 FORMArti ,41H DISTRIBUTION WAVELENGTH REFRACTIVE913X#I2HC E0019130
*XTINCTION913X,121C SCATTERING,16Xc,5HALBDO/1H ,AX,4HTYPE,6Xv9HlMICROOI99O
*ONS) ,8Xq5HINnEX,16X,12H(SQ MICRONSbI13X,12H(SO MICRDNS)/IH ,994X 002000
*,FZZ.4,FIO.4,2H( 1,F7.4,2HIJ) ,3E25. 14 002010

9 FORMAT( 1HO,41 5H MtJ,8X,17HOHASE FUNCTION )/IH 1 002020
10 FORMArIIN 941F13.9,EI7.10)) 002030
11 FORMATllHOt65X,14NPHASE FUNCTION/1H 1002040
L2 FORMArlIH ,SXvIHL,20X,16HL-TH COEFFICIENT,23XP14HRMS DEVIAT!ON/1N002050

* ) 0020$O
13 FORMAT~IN ,8H MU ,443014 ORIGINAL EXPANDED )/IH I 002070
14 FORMAT(H ,F8.598ElS.8) 0020RO
15 'FORMAtllH 9/////24H AEROSOL PARAMErERS ARE 002090
16 FORMAT(1N.,Z4X,6H.RBARa ,E20.10,15X,7HSIGMAz ,E20.10/) 0021o0
17 FORMAr C 1N*24X,5NRLO= ,EIO.4q IX95HRHI- 9ElO.4,IX,5HCUE= ,ElO.4#IX,0021 10
*3HAn PE10.4,IX,3HB= ,EIO.4/) 002120

Ii FORMAr(IH.,24X,5HRLO= ,ElO.4,IX,SHRHI= ,EIO.4,IX,5HCUE= 9,E10.4,IX,002130
03)4*. PE1O.4p1A,4HVISa tE1O.4/) 002140

19 FORMA i 1m+,24X,5HRLO= ,ElO.4tlXtSHRHI= ,E1O.4*1X,4HRC- ,EIO.4,lX,50021%0
*NALFE ,E10.4,1X,5iiGAM= PE10.4,7H NRADI=,13,4i JZ=,13/) 0021ih0

20 FDRMAriIN,24X,3HAw ,F4.llX97HNRAOI- ,14,1X95HGAM= ,F4.1,IX95HVIS002170
$2 ,E2cj.10/1 002190

21 FORMAT(1N,,2'.X,40H RADIUS (MICRONS) RELATIVE DENSITY /1 002190
22 FORMAT(* INDX*tl3,* Ma *tF1O.69* K a -*,FIO.6.*I. EMMN*,g-8.6,* 002200

SCONCENTRATION a *,F 10.6 1 002210
23 FORMAT(* THIS5 IS A MIXED CASE---SIJBSE0UENT REFRACTIVE INDEX PRINT-002220

*OUTS ARE NOT GENERALLY VALID*) 002230
24 FORMAMHI ,24Xt* NIlE SIZE PARAMETER RANGE
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*, Fg.*4/) 002250
25 F0RMAT(2I F1.5,5X)93(E20.6,5X)I 002240
26 FORIMAr(IH ,//4XtI6HRAOIUS (MICRONS),4X,14HSIZ- IIARAMETER,13X97I4Q (002270

*EXrJ ,17Xt7H0 (SCAbq 19X,9HJ (RAO)AH)) 0022R0
27 FORMAI(/* NORMALIZATION FACTUR FOR SIZE DISTRIBUTION =*,E-14.7/) 002290
28 FORMAT(/* K(EXT) = *,E13.79* KISCA) = *E13.7,* K('(AO)) *,E13.70023n0

* I) 002310
29 FORMAT(/* WAVENUMBER = *,El5.7** CM-1*,5X,*DENSITY *tE15.7, w.PAROO232O

*TICLES PER~ CM-3*/) 002330
C 002340
C END PRELIMINARIES 00235)
C 002360n

IF(KKK GT. 1) GO TO 52 002310
READ(5l,5) WAVE,DFNS 0023RO
IF(CULNS. EL.0.0 )IENS= 1.u 0023910

GNU=1 .OE+04/WAVE 002400
NH ANG E= I 002410
REAU(!), 1)1USrr ,l$RAOI ,NCROS 002420
IFIIUSTP.EQ.5)W~ANIEF=NRADI 002430
ITMM=I F-I 002440
P1=3.1415926!535898 002450
WRITE 16915) 002460
IF(IDSTP.NE.0)GO TO(34,36,38,40,43,47,40,51),IOSTP 002470
READIS;)'4)(F(J),R(J),JlNRADI) 002480
WRITE (6,21) 002490
WRITE(6,3)(R(J),F(J),J=1,NRAUI ) 002500
FS UM=O. 0 002510
DO 33 J=I,NRADI 002520

33 FSUM=FSUM.F(J) 002530
GO TO 49 002540

34 READ(!5,4)RCBAR,S(GMA 002550
wRi rE( 6,I6)RBAR,SLGMA 002560
RHI=RBAR* EXV(3.0*SIGMA) 002570
RLO=-RBAR* EXP(-3.0*SIGMA) 029

RADS= FLOAT(NRADI-1) 029
DELRD: (RH I-RLO) /RADS 020
FS UM=0.0 021
DEN=2.0*SLGMA*SIGMA 002620
DO 35 J=l,NRADI 002630
RJ=J-1 002640
R(JRL,ij*0EL-tD 002650
GNUM=ALOGIH(J)/R3AR) 00 2 610
FIJ)w ExPj(-GNtM*GNUM/OEN)*-iBAR/R(J) 002670

35 FSUM=FSUM+F(J) 0026MC)
GO TO 49 002690

36 REAUC 5,5HLO,PHI,CUE9AqB 002700
WRIT El6, 17)RLORHI 9CUEAB 002710
RADS= FLOArINRAOI-Il 002720
DELR)= IRHI-RLO)/RADS 002730
FS UMv0 * 002140
00 37 J-1,NRADI 002750
RJwJ-1 0027A0
RIJIRKLORJ*rELtO 002770
F(J)sCUE*A* EYPI-A*R(J)N1.u -CIIE)*B* EXPI-B*R(JII 002790
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37 FSUM=FSUM+FIJ) 002790
GO TO 49 002800O

36 FSUMO0.O 002810
DENSo. *3?SE*O4 002820
DELRD=0.02 002830
DO 39 JulNiKA01 002R40
R JUJ- 1 002850
R(J)UO.02 *RJ*DELIR0 002860
IFI J.LT. 5)F(J~m450.2 002870

39FUJuFSU.F(J~m.5 DLDRJ*(40 002890
39F UFSE.5F(J..5 IOLO*( A(4 002890
GO To 49 002900

40 IFI1OSTP.EQ.4) GO TO 41 002910
READt5,5) VIS 002920
RLO-0. 1 00293o
RHI=15.0 002940
CUE=30.0 002950
A=4.0 002960
NRADI=300 002970
DENS-1.1 *10.0 **(+5.U -AL0G1O(VIS)) 002980

41 IFIIL)STP.EQ.4) 'READ(596) RL0,RH1,CUE,A 002990
WR1TE(6tI8)RLO#RI9N1CUEqA,VIS 003000
FSUMmO.O 003010
RADSs FLOAT(NIRAD-1) 003020
OELR0=(RN-RLO)/RAOS 003030
D042 J=1,NRADI 003040
RJ=J-1 003050
R(J)RLO+iRJ*DELRD 003060
F(J)=CUE*.IIJ)**(-A) 003070
IF( IDSTP.EO.7.ANO.J.LE.3) F(J)=l.0E+05 003090

42 FSUMFSUMFfj) 003090
GO To 49 003100

43 JZ=O 003110
FSUM=U.O 003120
00 45 LSZ=lNRANGE 003130
READ( 5, 5)RLORH1 ,ICALFGAMOENS,NRA0I 003140
WRIT Ef6, 19)RLO,RHI ,RCALF, GAM9 NRADI,9JZ 003150
FSUMI (ISZ )=0.0 003160
BELRD-(RHI-RLO)/ FL0AT(N'RAD1-1) 00317o
R=ALF/(GAM*'RC**GAM I 003 180
DO 44 J=1,NRAOI 003190
R (J+JZ )=RLO+DELRD* FLOATI J-1) 003200
IF(J.EU.1)XMN=2.0 *PI*R(J+JZ)/(WAVE) 003210
IFIJ.EU.NRAD)I)XMX=2.0 *IJ*R(J+JZ)/(WAVE) 003220
F(J+JZI=( EXIP(-*R(JJZi**GAMI*R(J+JZJ**ADF)*OELR0) 003230

44 FSUMI (ISZ.)-FSUMI (I SZ)+F( J.JZ) 003240
DELROaDELRD*2.0 *iII/(WAVE) 003250
WRITE( 6,24)XMN,DELRr),XMX 0032M0

45 JZ=NRAUI.JZ 003270
00 46 JN=19NRANGE 003240

46 FSUMzFSUt4+FSUMI(JN) 003290
NRAD01 J Z 003300
GO TO 49 003310

47 READ(5943 VIS 003320
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FS (JM=o0 00 33 30
DELLR=o.02 003340

A= 500. 00 33 SO
NRAOI=280 0033A0

GA#4=3 .0 003370

WRITE4692O)AiNRADI,GAM,VIS 003390

PWR=-2.0 *GAM/3.0 003390
Rll)= (VIS-0.04 )/0.31 003400

FE 1)=A*R(1)**PWR 003410
0048 1=2,NRAni 003420
EXPO=ALOG(R(I1-1) )4OELLR 003430

R(I)= EXIP(EXPO) 003440
F I I )=A*R( I )**P'WA 0034S0

48 FSUM=FSUIi+F(I 1) 003460

49 U0 50 J=1,NIRADI 003410

50 FIJ)=FIJ)/FS(iM 0034RO
WRITEC 6,27E FSUM 003490

GO TO 52 003500

51 WRITE(6t7) 003510
GO TO 61 003520

52 QTSUM=0.0 003530
OS SUM=O0 003540
ORSUM=0.0 003550

DO 53 J=1,[T 003560

53 PSUM(J)=O.0 003570

IF('(KK *GT. 1) GO TO 100 003590

C READ(!),1)NINDX
C DO 57 N,=1,NINDX 003600

READI 5,2)EM,CAYtEMM,C0INC 003610
CONC = 1.0
WRITE(6,22)NKgEM,CAYEMMtCDN-- 003620

CAY=CAY/EM 003tb30

IF(MORTE.EQ.12345)WR[TE(6,26) 003640
100 CONTINUE 003650

DO 56 L=1,NRAD[ 003660
ALPHA=2.0 *PI*Eg4M *RILI/WAVE 003670

CALL FMIEG2(EMCAY,ALPHA,UT,QS,0'~,P,MRTEK(K) 0036R0
IF(MQRTE.EQ.12345) WuUTtE6,25)R(L)sALPHA,0T,0)S.0R 003690

Do 54 J=I,IT 003700
PSUMIJ):tSUM(J)+PIJ)4F(L)*CDNC 003710

54 CONTINUE 003720

55 QTSU?4=OTSUM+RIL)*RIL)*(JT*F(L)*CONC 003730
ORSUM=QRSUM+R(LJ*RIL)*QR*F( L)*CO'IC 003740

56 USSUN=USSUM+RIL )*R IL)*QS*F(L )*CONC 003750

57 CONTINUE 003760
OT SUM=U TS UM*P 1 003770
OR SUM=QR SUM*P 1 003780
OS SUN=US SUM*$ I 003790

A L8 D0= S SU M/O TSUM 003800
CAY NG - CAY 003R 10
PFACT= WAVE*WAVF./I.I*0TSUM*EMM*E4MME 003820
D058 J=1,IT 003830

58 PSUM(J)= PStJM( fl*PFACT/I 4.*PL*ALt$00) 003840

IFlNINa)X.3E.2)WtkITE(6,23) 003850
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WRITE46,8)IDSTPPWAVEEM ,CAY14GqorstmOSStJMALBrOO 00 3 F4A
OT SUMzQTSUM*OENS*l1.OE'-O6 003870
QSSUM=QSSU#4*OENS* 1.OE-06 003m"()
QRSUM=ORSUM4*OENS* 1.0,E-06 003A90
WRITE( 6928)QTSUM#QSSUMQRSUM 00 3900
WRITE( 6929 )GNUvOENS 003910
WRITE(6,9) 003920
WRITE(6,10)((Z;(JhtPSUM(JflJ=1, IT) 003930

C IF (IOUT.LT.1jGO TO 61 00 3940
C Do 59 J=1,IOUT,4 003950
C WRIT E(6, 10)C(J), t'St)M(J) ,C(J+1) PSIIM(J+1) 9C (J+2) PSUJM J+2),C( J+3), 00 39A0
C *PSUI4(J+3) 003970

59 CODNT INUE 00 39 AQ
RETURN 094

61 STOP 0O4or,)
END 004010
S~i)ROUTINE FMIEG2( EMP CAY tALPHA.ST, SGSS,-k P MLRTE 9KKK) 0040?2)
D1Mk:NSION C(100),EYE1(100),EYE2(100),P(100) 004030
DIMENSION REAN(250),REOBN(250),FAN(250),F8NI250) 004040
CO#4MON/BK2 / C, ALBOOn,LLLL,NCROS,IT,ITT,NRADI 004050
PIE=3. 1415926535898 004060

E~mI.004070
Sul. 004040
ISWI =1 004090
SUMT=U. 004100
SUMS=O. 004110
SUMRRw0. 004120
SUMRImO. 004130

CMIE SEISCUTOFF CRITERION 2.6 *LA*(.1)004160

AEM*ALPHA 049
BvA*CAY 040
GA MMA-=E M* CAY 041
SINAm SIN(A) 042
COSA= COSM 0423
COSHBIj EXPIB)+ EXP(-B))/2. 044
SINHB=( EXV(B)- EXPE-B)lI2. 045
A8=A*A+8*8 a46

RNL1=SI NA*COSHB 04r
SNL1=-COSA*SINHB 04R
TNLJ= SINIALPHA) 00290
UNL1= COS(ALPHA) 03l

C THESE ARE THE BESSEL FUNCTONS OF Nnl ORDER 004310
RN (RNhLI*A-SNLI*BJ /AB-COSA*COSH8 004320)
SN=.(RNLI*B+SNL1*AJ IAB-SINA*SINHB 004330
TNuTNL1 /ALPHA-UNL1 004340
UNsUNLI/ALPHA+TNLI 004350
GO TO 2 004360)

1 TWONL1.2.0 *EN-1. 0043 70
STEP7zTWONL1/AB 004380
STEPS=TW0NLIALPHA 004390
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C THESE ARE THE RECURRENCE RELATIUNS FflR THE lJNIPRIMEI) FUNCTInNS ANn ... 004400
RN=STEP7*( A*RNL 1-B*SNLI )-RNL2 604410
SN=STEP7*(B*HNLI+A*SNLI)-SNLZ 0J04410

T N= sr EP8* TNIL I-T NI2 004430
UN=ST EP8*UNLI-UNL2 004440

C ... FOR THE PRIMED FUNCTIONS 004450
2 RPN=RNL1-EN*IA*qN-B*SN)/AB 004460

SPN=SNL1-EN*( B*RN4+A*SN)/AB 00447n
TPN=-EN*TN/ALIJHA+TNLI 044
UPN=-EN*UN/ALP)HA.UNL1 004490

C REFERENCE LIGHT SCATTERING ... BY VAN DE HULSf 004500
C p1123 FOR AN AND BN 004510

N=EN 004520
EK(SN=&RN*TP'N-EM*R N*T,4-GAMMAV-SPN TN 004530
CANS*P-MSN*NGMACRNr 004540
EPSN=N*TN-SN*JP)N+EM*(SPN; UN -RPN*TN)-CAMMA*(RPN*UNSPN*TN) 0045iO
PHNk*vqS*P-M(P4NSNT)GM4-(P4I-P*N 004560
E<SP=P*N M4*,N(AMAS-IP 004570
CAPPN=SPN*TN-EM* SN*T,)N+C,AMrMA;;RN* ri'N 004590
EPSPN=RPN*TN-SPN*UN-EM*(N, TPN-SN*UPN)-GAMMA*(RN*UPN+SN*TPN) 004590
PHIPN=RPN*UN+SI)N*TN-EM*(RN*upN+sN*rPN)+GAMMA~IRN*TPN-SN*UPN) 004600
W=E(SN/P-IN 004610

C THESE KEEP THE ANOS AND BNOS CLOSE rn 1,SINCE rHE NUMERATORS ANfl 004620
C DENOMINATORS ARE IN0IVIO'uALLY LARGE 004630

X=CAPN/EPSN 004640
Y=%CAPN/PH IN 004650
Z=Ei(SN/EPSN 004660
DENOM=EPSN/P'HI N+PH IN/ EPSN 004670
WP=EKSPN/PHIPN 004690
XP=, APPN/EP'SPN 004690
YP=CAPPN/P)HIPN 004700
ZP=EKSPN/EPSPN 004710
DENMP=EPSPN/PHI-)N+PHIPN/EPSPN4 004720
REAN( N)= ( Wi+XP /DENm~l 004730
RERN( N)=I(W+X )/DENOM 004740
FAN( N)= (YP-ZP )/nENMP 004750
FBNlN)=(Y-Z)/DENOM 00476,0
I F(MCRTE.Eg.67890) WI TE(6, 19 )REAN(N),qFAN( N) ,REBN(N) ,FBN(N) 00'.#770

19-FORMAr(I1X,4f E20. 10,I10X)l 004740
So-S 004790

TONPI=2.0 *EN+1. 004800
C SEE P127 004810

SUMT=SUMTTONP1*(REAN( N) +REBN( N)) 004820
SUMS=SUMS.TONP1*(REAfN(N)*REAN(N) .FAN(N)*F;AN(N)+REBN(N)*REB3NIN).,B6 004830)

1NIN)*FBN(N)) 044
S UMRR=S UMRR+TONPI* S*(REAN (N) -RES I( N)) 004850
SUMRI=SUMRI +TOW .)*S*( FAN(N) -FBN(N)) 004860
IF(EN.EQ.1.0)GO TO 6 004870
EI( =EN-I. 004AR0
SUMS1=SUMSI+EK*( Ei+2. )*(RAN* REAN(N) +lBN*REBN,(N) +PAN*FAN (N) ,PBN0048qO

**FS3N( N)) /EN 004900
SUMS2=SUMS2+1 2.0 *EN-1. (*RAN*RBN+PAN,0IJBN)/(EN*IEK) 004910

6 RAN=REAN(N) 004920
RBN=REBN( N) 004930
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PAN=FAN( N) 004940
PBN=FBNI ND 004950
TERMN= ABS(REAN(N)). ABS(FANCND)+ ABS(RESNIN))+ ABS(FBN(NI) 00490
IF~rEKMN.GE.1.OE-9.ANO).EN.LT.8.0 +FACT*ALIJHA)GO TO 4 004970
GO TO(39),SISW1 0049,30

3 ISWlz2 0049,90
4 EN-EN+1. 005000

RNL2=,RNLI 005010
SNLZ=SNLI 005020
TNLZ=TNLI 005030
UNL2=UNL1 005040
RNLI=R4N 005050
SNLI=StN 0015040)

T NLI=TN005070)
UNL1=UN 00 50906

GO TO I 00)5090
5 ALF2=ALIPHA*ALPH4 005100

C OEXr=SGT QSCAT=SGS OA BS=S CA ORAOAR=SCK AVE CnS(01=S0m005l10
c cPi=SGMP(SFE P~128) 005120

~SGT=2.0 *SUMr/ALF2 005130
SGSz2.0 *SUMS/ALF2 005140
SGAzSG T-SGS 005150
SGR=(SUMR*SUMRR+SUMRI*SUMR&1 /ALF2 005160
SGMAS=2.0 *( SUMSI+SUMS2)/SUMS 005170
SGMP=SGT-SGMAS*SGS 0051RO
00 98 K=1,IT 005190
COST=C (K) 005200
siNrs SQ'RTI1.0 -COST*COST) 005210
PINL1=0. 005220
RINL1=O. 005230
P1 N=. 005240
RHN=0 * 005250
TAUNzCOST 005260
SUMI11R=O. 005270
SUM! 11=0. 005290
SUMIZ2l=O. 005290
SUM121-0. 005300

C SUMMATION OF MIE SERIES 005310
DO 97 L-1,N 00532o
ENw FLOAT(L) 005330
TWONLI=2.0 *FEN-1. 005340
ENNP1=EN*(ENe1.) 005350
ENL1=EN-1. 005360
IF(L.EU.IJGO TO 10 005370
PIN=(TWONLI*COST*a'INL1-EN*P1NL2)/ENL1 005390
RHNNTWONII*P INL14RHNL2 005390
TAUN=IN*COST-SENT*SINT*RHN 005400

10 TONP1=2.0 *EN+1. 005410
SUMIR=SUM[1RTONI*(REAN(L)*PIN+REBN(L)*TAUN)/ENNP1 005420
SUMI I 1SUMI 1+TOW k1*(FAN(L)*PIN+FBN( L)*TAt)N )/ENNP 1 005430
SUM12RUSU4I2R.TONP1*(ItEBN(L J*PIN+REAN(LJ*TAUN J/ENNI1 005440
SUM12L=SUM1214T0W1*( F8N(L)*I1N+FANIL)*TAJN )/ENNP1 005450
PINLZ.PINLI 005460
PINL1-PIN 005470
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005490

RHNL2=RHNL1 005490
97 RHNLL=RHN 005500
Li EYE1(K)= (SUMI1IR*S(JMIlR+SUMII[*S(IMIlIJ 005510

EYE2(KJ= (SUJ,12R*SIMJM2+SUMJ2I*SkiMI2I) 052

P(K)= C EYEI(KD+EYE2IKfl/2.0 053
98 c ONT INUE 053

RETUR~N 005540
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