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SECTION 1
INTRODUCTION

A wide variety cf electro-optical (E-0) sensors are employed in
the modern tactical battiefield environment. Dust clouds are gener-
ated when tactical munitions detonate at or below the ground surface.
These dust clouds can be a major source of degradation for the battle-
field performance of the E-O sensors. References 1 and Z present
models which have been developed for the munitions dust clouds and
the propagation of E-O signals through the clouds. ASL-DUST is the

computer program for these dust cloud and propagation models.

This volume, the User's manual for ASL-DUST, discusses the computer
subroutines and the input-output parameters, and provides a sample

problem. A listing of the code is given in the appendix.

ASL-DUST is written in Fortran IV and is comprised of about 4,500
cards. There are many comment cards to aid the programmer in under-
standing the internal workings of each routine. Approximately 28K of
storage is required. A typical case with one dust cloud, one sight
path, and eight calculation times takes about a third of a second on
a CGC 7600 computer.

The inputs« to the code are the burst parameters, transmitter-
eceiver parameters, soil and carbon parameters including size dis-
tribution and index of refraction, meteoroiogical conditions, size
groups of particulates, and the calculation times. The code first
calculates the Mie propagation parameters (extinction, absorptionm,
scattering, and backscatter mass coefficients) for each size group,
for each particulate material, and for each frequency. Then at each

calculation time the code finds the dust cloud position and spatial
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mass distribution. The code integrates the m
each particulate size group along each sight path (the path between

each transmitter-receiver pair).

Mie propagation parameters, the code then computes the transmission of

each signal along its sight path.

as5s penetrated within

Applying the previously calculated
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SECTION 2
THE COMPUTER ROUTINES

GENERAL INFORMATION

ASL-DUST is organized into an executive (main) program and a set
of subroutines. The modular organization of the code is designed for
maximum user flexibility. The user who wishes to modify some model
parameter can do so by modifying the appropriate subroutine or by
simply substituting his own subroutine. Moreover, many of the rou-
tines are complete within themselves and can be lifted and used for
other purposes. For instance, the Mie routines form a complete de-

tailed Mie calculation code.

This section briefly describes each of the eighteen ASL-DUST rou-
tines. Table 1 summarizes their major functions. More information
concerning the detailed logical organization of the routines may be
obtained from the listings of the Fortran source programs presented in
the appendix. The method of preparing the inputs for ASL-DUST is

discussed in Section 3.

COORDINATE SYSTEM
A three-dimensional Cartesian coordinate system is used. The x
and y axes are horizontal and the z axis is the vertical direction (see

Figure 1). Azimuths in the horizontal plane are measured clockwise

from the y axis.

EXECUTIVE ROUTINE

This routine controls the sequence of operations for ASL-DUST.
The routine first sets the tape numbers for inpu:t-output and the de-
fault values for the input quantities. It then reads the input for
the rirst problem by calling INPUT. Next, the Mie propagation
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TABLE 1. ASL-DUST COMPUTER ROUTINES

Name of Routine

Functicn

Executive Routine
INPUT
PGROUP

CGROUP

CROSS
MIE

ANF
CUMNOR

INIGG

TIMECO

TIMECG

PATH

DEPTH

ADDVEC
SUBVEC
MULVEC
DOTVEC
DSTVEC

Control program. Determines sequence of operations.
Reads and writes the input quantities.

Control program for calculating the Mie propaga-
tion coefficients for each size group, for each
particulate material, and for each frequency.

Performs preliminary Mie propagation coefficier .
caiculations; sets up input for CROSS.

Integrates over the size group.

Provides Mie efficiencies and scattering pattern
for a single uniform spherical particle.

Evaiuates a compiex function used in Mie.

Computes the cumulative function of the normal
random probability distribution.

Evaluates the initial (t = 0+) properties of the
dust clouds.

Determines the location and dimensions of the
ideal massless size group.

Determines the locaticon and dimensions of a
given size group in the dust clouds.

Integrates the dust cloud mass density along
each sight path.

Computes optical depths along each sight path.
Prints output resultis.

Adds two three-vectors together.

Subtracts two three-vectors.

Muitiplies a three-vector by a scalar.
Scalar (dot) product of two three-vectors.

Computes the distance between end points of two
three-vectors.
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Figure 1. Coordinate system.

coefficients for each particulate material, size group, ..~d frequency
are calculated and stored by calling PGROUP. The initial (t = 0+)
properties of the dust clouds from each burst are found by a call to
INITG. Then for each calculation time and for each burst, the mass
distribution of each size group is found by calls to TIMECO and TIMECG.
For each sight path a call to PATH computes the group mas. »enetrated.
A call to DEPTH then computes the optical depth along each sight path.
After all calculations are complete the cutput is written out; the

program then begins again by reading the input for the next problem.
INPUT

This routine reads the input quantities for each problem. After
all input is read, the routine writes out the input data.

PGROUP

This is the control routine for calculation of cthe Mie propagation
coefficients for each size group, each particulate material, and each
frequency. The primary Mie parameters are the extinciion, absorption,

and scattering cross sections and mass coefficients averaged over a

11

S Bl i ol i

il i

Minsibt M

i

il L
i Sl B 43




size group. The routine first calculates the Mie propagation coef-

ficients for each size group assuming _hat there is no mixing of
particulates from other size groups. The size groups are ordered by
size, beginning with the smallest. The coefficients rfor each group

are calculated in turn until the extinction contribution of the present
size group becomes negligible; the remaining larger size groups are

not calculated and their coefficients are set equal to zero. This
neglect of the insignificant size groups saves computing time. After
all significant size groups are calculated, the routine then writes

out the unmixed propagation coefficient results.

The routine then recomputes the mass fractions and propagation
coefficients in each size group by assuming a mixture of particle
sizes. The mixing model is given in the fractionization section of
Reference 2. The routine then writes out the mixed propagation coef-

ficient results.

CGROUP
This routine does some preliminary Mie propagation calculations

for a given size group. It sets wp the input to routine CROSS.

CROSS

This routine evaluates the size group mean Mie propagation coef-
ficients by integrating over the particle size probability distribu-
tion. CROSS calls routine MIE to evaluate the coefficients at a

particular integrand point.

A new variable step length algorithm has been developed fc: the
integration over particle sizes. The algorithm accounts for the rate
of change of integrand magnitude with step length and the contribution
of the step to the total integral. A rapidlv changing integrand re-
quires smaller steps, while a portion of the integral that :cntributes
little to the total can be calculated with larger steps. The algorithm
is designed to produce maximum accuracy with minimum computational

time.
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The equations solved in the routines are the following. The

mean
cross section per particle is
%2 .2
—Z—-Q(a)P(a) da
a
o = 1 a5 cm2 per particle , 1§y
P(a) da
%
where
g =

average cross section per particle for scattering, back-
scatter, absorption, or extinction (cmz)
a = particle diameter (cm)
a = minimum diameter of particle size group (cm)
)
Q(a) = Mie efficiency for scattering, backscatter, absorption,

maximum diameter of particle size group (cm)

or extinction for a particle of diameter a

P(a) = size probability distribution (log normal, power law,

or hybrid).

The normalized scattering pattern is

“em

ma
SN(e) = T QSCA(a)p(a)S(e:a) da ’ (2)
g
SCAYa
1
where
EéCA = average cross Section per particle for scattering,
given in Equation 1 (cmz)
QSCA(a) = Mie efficiency for scattering
S(6,a) = normalized scattering pattern at scattering angle
for a single particle of diameter a
SN(G) = normalized scattering pattern for the size group.

The scattering patterns are normalized so that
L1 seyam=1
47 :
(31
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Hence an isotropic scattering pattern is identically equal to unity %
for all angles. The mass coefficient per gram of material in the size %
group is é
- NG -1
W=Ngo cn g , (4) §
where %
u = mass coefficient for scattering, backscatter, absorption, §
. . 2 -1 E

or extinction (cm” g )
NT = total number of particles per gram of material in the size :
group (g71).
The integration strategy is the following: %
%2 L B
1= | 1) da= > 1(a) da (s)
a1 j=1 aj g
where :
I(a) = integrand of the integral of interest. 2
The interval Zrom a; to a, is broken up into a number of subintervals. %
For each subinterval we assume that the integrand can be described by E
a power law, g
= = . <a<a. :
1(a) I(aJ)(aj) 3 <a __aJ+1 (6) :
where %
I{(a. . §
2n _E_li£1 :
I(ai) 3
X = — . N 3
as =
n it E
a, 3
Then the contribution to the total integral of this subinterv:l is ;
aj‘k1 %
ALy = j I(a) da (8)
j E

ikl

I
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x+1
I(a.)a. [/a;
xill(g;.rl) '1] x # -1

J

2.,
I(a.)a, &n SR ALY x=-1 .
373 aj

The contributions of the subintervals are calculated and summed until
either

(1) the diameter limits of the size group interval are reacied,
or '

(2) the integral converges to its final value (the remaining
unsummed subintervals are negligible}.

The step size is chosen as the e-folding distance for the integrand:

1
ca.  -a =alelXl .
(Aa)i = 4 aj aj[e 1] . (9)
With this step size,
t1
I(aj+1) = I(aj) e , (10)

where the plus sign is for positive x and the negative sign is for
negative x. In aalition, for those cases wheras the integrand is de-
creasing so that the subinterval contributions are decreasing, the
step size is increased. The increase is taken as the ratio of the
previous contribution to the last contribution:

1
T AL). (AL.).
N ](__T;_l R 1 |
(8a) aj[e 1 @5, if (AIT)J--2>1 : (11)

MIE

This routine calculates the Mie efficiencies and scattering pat-
tern for a given uniform spherical particle. This routine and its
slave voutine ANF were originally developed by the author for the WOE

code, Reference 3. For completeness and reader convenience, the docu-
mentation is reproduced here.
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We first present the formulas for the Mie solution (see any standard

text for a derivation) and then the method used to solve the equations.

Define the following quantities:

r = radius of the uniform sphere
) = wavelength of the incident radiation
27r/A
dimensionless size parameter
mp - imI
complex index of refraction of the sphere (note that
here we are using m instead of n, since by custom n is

used as the order in the Mie formulas)

3 Y = mx
Oscp = scattering crnss section of the sphere
OnBS = absorption cross section of the sphere

_ 2
Qca = Isca’™
= scattering efficiency of the sphere

=] . .
=3 Qas = %aps/™™
= absorption efficiency of the sphere

Qxr = Ues * Usca
= extinction efficiency

S(8) = scattering function. S(6) dQ is the fraction of the

incident unpolariz:d energy per unit area that is

scattered into solid angle d, which is centered about

the direction that makes an angle & with the direction

UHlWU|

of the incident radiation (6 iz the scattering angle).

The equations for the Mie solution are:

2 - 2 2 ;
e DM [lan| + b | ] (22)
n=1
2 2]
Qeyr = 3 D, (@n+1) Re (a, +b,) (13)
- n=1
#%? (where Re signifies the real part of)

"EWWM AT
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2
5(0) = %(—) lIs,@1% + s,@1%] (14)
where
L a¥! (V)Y (@) - ¥, (@)Y () a5)
T (g (@) - YE (0¥ (V)
_ YW;:(YWn("‘) - a‘i‘!;(a)‘?n(\’) 16
TYY (NE (@) - of ()Y, (Y)
$,(8) = nl(‘;—:—ll-)- gan‘!rn(cos 8) + b t_(cos e)i (17)
n=1
5, (0) = EZ(%_:'TIT {bnwn(cos 6) + a_t_(cos e)f (18)
=1
and
1/2
. T
Wn(z) B (7;) Jn+1/2(2) (19)
Tz 1/2 n
£, = (7) Pne1/2@ + 16009 /2(2)} (20)
m(cos 8) = P;(cos 9) (21)
Tn(cos 68) = cos O ﬂn(cos 6) - sin2 ) T cos 6 nn(cos 9) . (22)

The J's are spherical Bessel functions of complex argument and half-
integer order. The P's are Legendre polynomials. V¥ and & are Riccati-
Bessel functions, and 7 and T are associated Legendre polynomials,

Define an arbitrarily oriented plane containing the scattering sphere

17
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and the incident radiation. Then for scattered radiation within the
plane, the complex amplitude function 81(6) describes the scattering
for an incident plane wave with vertical polarization (E perpendicular
to the scattering plane);sz(e) is for horizontal polarization (E

parallel to the scattering plane).

As might be expected from the complexity of the Mie equations, the
numerical evaluation of QSCA’ QEXT’ and S(6) for a given m and a is
not, in general, a trivial task. The terms in the infinite series
have to be evaluated and summed. The number of terms that have to be
evaluated before the series converge depends primarily upon the size
parameter . Roughly, the number of Mie terms required is 1.5a; for
large particles and small wavelengths, several hundred terms are often

required before convergence.

The evaluation of the various orders of gn, LA and Tn is straight
forward. We can use the well known recurrence relations of Bessel

functions and Legendre polynomials to obtain

E@=2"te (-t (@ (23)
n- o n-1*° n-2 ’
with initial values
go(a) =sing + 1 cos a (24)
E_l(a) = sa-1isina (253
7_{cos 6) = gﬂ—:—l-cos 6 (cos 6) - L (cos 8) (26)
n -1 n-1 n-1 n-2
Tn(cos 6) = cos 9E21(C°5 8) - nn_z(cos 6)]

. 2
- (2n-1) sin” © nn_l(cos 6) + Tn_z(cos v . (27)

The initial values are

18
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m_(cos 8) = 0 (28)
7, (cos 8) = 0 (29)
m, (cos 8) = 1 (30)
7, (cos 8) = cos @ (31)
m,(cos 6) = 3 cos B _ (32)
T,(cos 8) = 3 cos (20) . (33)

With the initial values, we can use the forward recurrence relations
to generate the required terms to any order. The forward recursion

technique for these three functions is stable and accurate.

To complete our numerical evaluation, we define the complex func-
tion

_ vy :
A () = ST % (34)

With this definition, the Mie formulas for a_ and bn can be written

A_(Y) ) ,
o nk | _ pal |
. ( ——+ 3 Relgn(a)’ Relgn_l(a)$ 35)
n AT
— + 2JE @ - & (@
] { ]
m (v) + Brele @l - rele (@)
bn" ( n a) 1°n ') ["n-1"""} . (36)

3 n -
(0 + Be (o - £, @
The primary difficulty in evaluating the Mie formulas lies in the

evaluation of An(\j. Using the properties of the Bessel functions,
we can write Ah(Y) as

In-172M)

A(Y) = - o+ 2202 (37)
n Y JdhM
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Thus, if we can evaluate the Bessel functions, say by forward recur-
sion, An(Y) can be evaluated. Alternately, we can use the yecurrence
relations for the ratios of the Bessel functions and write the recur-
sion equation for An(Y) itself as

)—1

A(Y) = -

<[

in .
* (?'- An-l(\)

with initial condition

»

cos Y

sin Y (39)

AoiY) =

The forward recursion technique for the evaluation of An(Y) is very

susceptible to error in at least four cases (Reference 4):

e When the argui.cont is small

e hhen the argument is large, requiring a large number of

a

orders
e W.en the imaginary value is larger than the real value

. For certain anomalous values.

The use of forward recursions to gencre.& thé consecutive

G
Bessel functions is a classic example of unstable numerical methods.

— Many other techniques have been devised to generate the required
— Bessel functions or ratios. Most techniques involve some type of
backward recursion. The values of the Bessel functions or the ratios

are evaluated at a high order, and the backward recursion relation is

= used to evaluate the lower orders. The backward recursion does not

have the instability of the forward method. lowever, care must be
taken to preserve accuracy; some techniques lose accuracy even when
using double precision arithmetic. Recently Lentz (Reference 4) has
devcloped an algorithm for evaluating the Bessel functions and ratios
that eliminates the weaknesses of the earlier methods. Llent. =
algorithm uses a new technique of evaluating contirucd fract:io s that
starts at the beginning rather than the tail and has a buili-in error

check. Using the method, any Ar(Y) can be generated completely

20




independently ot all preceding values with high accuracy. Readers are
referred tc Lentz's article for details.

We use Lentz's method to generate An(Y) for n of order ®1.5a and

then use the backward recursion relationship,
=n_(n -1
A =F-(Fram) (40)

to generate all lower orders. Using the forward recursion relations
for the other functions, the a, and bn are calculated and infinite
series summed until convergence. In almost all cases, convergence is
reached before reaching the highest precomputed order of An(Y‘. Other-

wise Lentz's method is used to generate any additional reeded terms.

Utilizing the Lentz algorithm, we have written a very compact com-
puter routine that evaluates the exact Mie equations for QSCA’ QEXT
(and thus QABS)’ and S(6). The running time is quite reasonable for
an exact calculation. For a = 1.2, three orders are required for
convergence, and the running time is 1 millisecond on a CBC 7600 com-

puter. For a = 100, 103 orders are required with a running time of
2% milliseconds.
ANF

ANF is a slave routine to MIE. ANF uses Lentz's method (Reference

4) to evaiuate the complex function An{Y) of Equation 37.

CUMNOR

This routine evaluates the following function:

F(x) x<0
CUMNOR(X) = (41)
1 - F(x) x>0
where
i A ‘%tz
F(x) = e dt (42)
27 ”
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cunmulative probability of the standardized normal

random probability distribution.

To numerically evaluate CUMNOk(X) we use the approximation formulas

of Reference 5. For |x| less than 5 we use the polynomial approxima-

tion formula 26.2.17, and for |x|> 5 we use the asymptotic approxima-

tion formula 26.7.24.

For -5 < x < 5,

CUMNOR(X) = 1 -

2 3 4 5
e [b ..+b22 +b32 +b4z +b52} (43)

where

The

and

W
]

1
—_—
+

1 p]i?

p = 0.2316419

b, = 0.319381530

1
b, = -0.356563782
bS = 1.781477937
b4 = -1.821255978

be = 1.330274429 .

error in this approximation is less ;han 7.5 x 10-8. For |x| >5,
x2

/ 2 7

\4+x"-|.\j—‘e -

2 J 27

CUMNOR (X) = [

At |x| = 5 the error in this approximation is less than 1.1 x 10~

decreases rapidly with increasing }x].

INITG

The initial dust cloud is assumed to form instantaneously at burst

time. This routine evaluates the following initial cloud parameters:
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1. Total dust mass lofted in the main and base dust clouds.

2. Total carbon mass in the main and base dust clouds.

3. Initial radius of equivalent spherical cloud.

4. Initial radii of the main dust cloud in the artillery shell
track direction, cross track direction, and vertical direc-
tion.

5. Initial radii of the main dust cloud in the wind track
and cross track directions.

6. Main dust cloud rise rate constant.

7. Main dust cloud vertical diffusion constant.

8. Time delays before the wind begins moving the main and
base clouds horizontally.

9. Mean wind velocities at the center of the initial cloud
and at 10 meters altitude.

After evaluation the routine writes out most of the initial parameters.

TIMECO

The smallest particles in the main dust cloud rise with the ideal
spherical cloud rise rate, transport with the wind velocity (after the
initial time delay), and diffuse with the ideal cloud diffusion rate.
The heavier particles will rise at a slower rate and eventually fall
out of the cloud, will lag behind the smaller particles in horizontal
wind transport, and will diffuse at a slower rate. At a given time t
after burst, this routine evaluates the following parameters for the

ideal zero mass particles in both the main and base dust clouds:

1. Centroid coordinates (location of the center of mass of the
ideal cloud).

2. Radii in the wind track, cross track, and vertical directions.

TIMECG

This routine calculates the same parameters of centroid location
and cloud radii at time t for the finite size particles in a given
size group.
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This Toutine evaiuates the integral of the mass density (mass
penstrated) along the sight nath between a given transmitter-receiver
pair due to each type cf parti-ulate material in a given size 7roup
at a given lime. The quantity evaluated is

) '2

MP = p(D) dD g cm . {45)

~here .

b = distance along sight path from transmitter to receiver (cm)

Dpp = total distance from transeitter to receiver (cm)
5({D) = mass density at distance D along sight path due to the
given particulate material in the given size group

-3
(gem ™)

i

$ to begin at the peint of closest ap-
proach of the sight path to the size group centroid location and numer-
1y integrate forward and backward. The numerical integration uses

a2 Simpson's Rule approximation with a step size

The integration strategy

o+

ran

™

Pl

ca

of 0.2 of the Gaussian

standard deviation of the size group mass density. The integration is

continued until the receiver or transmitter is reached or until the
mass density becomes negligible. The integration is terminated when
the distance from the integration point to the group centroid excéeds

five standard deviations.

: 3 : N - =5¢/2  _ . -
tion point 1s down at least a factor of e ™ *7 = 3.7 »x 10 6 from the

density at the cioud centroid.

DEPTH

This routine evaluates the optical depths and transmissicn along a

given sight path at a given time. It calculates the optica} derth con-

G

tribution duc to each material in each size group and the sun f

h-d

contributions. The quantities evaluated are

1: £ b
P‘E}i !'—36!

At this point the mass density at the integra-
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extinction optical depth contribution due to the
particulates in size group i

(Mp)i = mass penetrated due to particulates in size group i
(g cm?)

(uE)i = mass extincsio?lcoefficient for particulates in size
group i (cm™ g 7)

(1) = (M), (wy); “47)
= scattering optical depth contribution

(Ta); = (M), (uy)s (48)
= absorption optical depth contribution

o= 51_3 (Tg); (49)
= total extinction optical depth due to all size groups

o= Lt (50)

Wt A (51)

T  =¢'E (52)

= transmission (one way).

Routine DEPTH writes out the optical depth contribution results
and the total optical depths and transmission. Because the detailed
results of the individual optical depth contributions can result in a
lurge amount of output, the printing of these detailed results can be
suppressed by an input option.

ADDVEC

This routine and the following vector routines are extremely short

and do simple vector operations. This routine adds two three-vectors

together:
-> - -
VEV oty S (x1+x2, Yy * Yo Zl+22) (53)
where
- .
vy = (xl, Yys zl) = first three-vector
+ -
Vy = (Xgs Yps zz) = second three-vector.
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SUBVEC
This routine subtracts two three-vectors:

-»> - - I
V=V o- vy = (xl-xz, Y1~ Yy Z; -22) . (54)
MULVEC
This routine multiples a three-vector by a scalar:
-»> _ =-> _ 55
v = sy, = (sxl, $X5 SXS) s (55)
where
5 = scalar
DOTVEC
This routine forms the sczlar (dot) product of two three-vectors:
> <>
p = Vl . v2 = X1X2 + yly2 + zl.'/:2 (56)

DSTVEC

Thie routine evaluates the distance between the endpoints of two

three-vectors:

> 2, , 2
D= v -v,| = \J&xl-xz) ey (2 2,)

N Y0

¥
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SECTION 3
INPUT

GENERAL INFORMATION

A1l input is read by the INPUT subroutine from a logical file unit
which has been assigned the number 5. This can be readily changed to
meet the requirements of a particular computer installation by changing
the value of the variable ITAPE which appears at the beginning of the

Executive Routine.

Input is prepared on standard IBM punched cards. Each input card
ccntains a letter, from A to M, punched in column 1 to identify the
information contained on that card. The INPUT routine reads the in-
put a card at a time, interprets the identification letter, and as-
signs the data to the appropriate input variables. Card after card
is read until a blank card (a card with no punch in column 1) is read,
This signifies that all of the data for this problem have been pre-
sented and thus terminates the input sequence and initiates calcula-
tion. After all calculations have been completed and the output
printed, the Executive Routine returns to the INPUT routine to read
the data for the next problem. As many separate problems as desired
may be stacked; the data cards for each problem end with a blank card
to initiate calculation, Two blank cards in a row indicate the end

of the problem sets.

A large number of inputs are required to completely specify a
problem. There are 13 different input cards with up to 8 input items
on a card. Except for the burst yield, default values are internally
supplied for all input values not specified by the user. Before the

input data for the first problem are read, the values for all input
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variables (except burst yield) are s=t to the default values. Then

the input cards for the first problem are read and all user-specified

inputs are substituted for the default values. At the end of the

first problem card set, a complete set of input data exists, either

all user suppiied or a combination of user and default inputs. For

the second problem, the code begins with the first problem data set

and only the inputs on the second problem data cards are changea from

the first problem values. Hence only those cards with information dif-

r.rent from the preceding problem need be included on succeeding prob-

lems. The only exception is that every problem set must have at least

one A card, which contains the burst yield information. Thus a prob-

lem set may consist of all 13 different input cards or, at the minimum,

consist of a single A card. There are up to 8 input values on a data

card.

If any entry is left blank, the code automatically uses the de-

fault value for that entry. Hence, when a data card is used on suc-

ceeding problems, all entries on that card that are not default values

must be supplied even though they may be the same as the preceding

problem. If a card is not suppiied, the code assumes the values are

the same as the preceding case; if a card is supplied, the code assumes

that all values on the card are respecified.

DESCRIPTION OF THE INPUT CARDS

Figure 2 shows the input card parameters, and Figure 3 shows the

default values. Each input card is read under an Al, ES.0, 7E10.0

format. Thus the data are punched in floating point format in 10-

columi ficlds, with the exception that the first field occupies nine

columns to make room rfor the card identification letter in column 1.

Note that whole numbers may be punched as integers if the number is

right justified within the appropriate field.

Ten bursts are allowed, so there can be up to 10 A and B cards.

Similarly 10 transmitter-receiver pairs are allowed, so there can be

BN U DY o

up to 10 C and D cards. The order of the different cards is
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Input card parameters.
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Default values for input parameters.
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immaterial, but the multiple cards within a given identification card
must be in sequence. That is, if there are five A cards, then the five
corresponding B cards must be in the same order. The first A card goes
with the first B card; the second A card éoes with the second B card,

etc.

A Card

The A card contains the first part of the burst information. Up to
10 bursts are allowed, so there can be up to 10 A cards. For this ver-
sion of the code all bursts are assumed to detonate simultaneously at
time zero. The first entry is the total TNT yield, or equivalent TNT
yield for a non-TNT device, in pounds. This is the one entry which
must be specified by the user; no default value is provided. An A

card without an entry for the yield will be ignored by the code.

The second entry is f,, the fraction of the total yield which ap-
pears as hydrodynamic energy. fH is used in the determination of the

initial ideal spherical cloud rodius,

0 1/3 .
- 2o (
R; = 1.54(WfH p) m o, (58)
where
W = total munition yield (1b TNT)
P, = sea level air density (g cm-s)
p = air density at blast site (g cm-s).

The third, fourth, and fifth entries are the shape factors for the
real initial dust cloud. A static blast will generally produce an
initial cloud that is roughly spherical (CT = Cp = CV = 1). But a
live munition impacts the ground with a large velocity and can pro-
duce dust clouds that are elongated in the shell track direction.

The radii of the initial real dust cloud in the shell track, cross
track, and vertical directions are taken as the product of these

shape factors and the ideal spherical cioud radius of Equation 58:
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Rp =CpRy mo (59a)

RP CPRI (59b)

Ry = GyRy (59¢)

The sixih, seventh, and eighth entries are the coordinates of the
ground surface at the burst. Note that the z coordinate is the coor-
dinatc of the ground surface and not that of the burst itself. A sur-

face burst and a buried burst have the same z coordinate.

B Card

The B card contains the rest of the burst information. The first
B card goes with the first A card, the second B card with the seccnd A
card, etc. If thcre are more A cards than B cards, the code automati-
cally fills the missing B inputs with default values. If there are

more B cards than A cards, the code simply ignores the excess B cards.

The first B entry is the depth of burst. This is the distance the
munition center of mass is below the ground surface at detonation. A
munition that detonates above the ground would have a negative value
for depth of burst. Currently this variable is not used in the code.
For some soils the apparent crater volume scaling factor is a smooth
function of the depth of burst. For these soils the scaling facter

could be internally calculated rather than being input.

The scrond entry is the fraction of the apparent crater mass that
is lofted intdo the dust cloud. A crater is left in the soil after a
murition explosion. The volume of this visible crater (that part
below the original ground level) is the apparent crater volume. The
apparent crater mass is the mass of the soil that was in the apparent
crater volume. Part of the mass is lofted into the dust cloud, part is

thrown out to the sides, and part is piled up on the crater liir.

The third entry is the apparent crater volume scaling factcr. The

volume of tne apparent crater is calculated from the scaling relation,
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Va = Sack L (60)
where
VA = volume of apparent crater (ms)
Syc = apparent crater volume scaling factor (m3 (1b TNT)'I'III)

=
"

total munition yield (1b TNT).

The scaling factor depends on the type of soil, type of munition, and
depth of burst. Both the half-buried static charges of the Dugway
series of tests and thé static charges of DIRT 1 had 2 scaling factor
of about 0.03.

The fourth entry is the azimuth of the munition shell track. Azi-
muths are measured clockwise (toward the x axis) in degrees from the y
axis. The azimuth is used in conjunction with the shape factors to
define the initial main cloud shape and orientation. The shell azimuth
input is rot required for those bursts which are symmetric about the

vertical axis (ie, for bursts with CT = Cp).

C Card
The C card contains the transmitter-receiver information. A max-
imum of 10 transmitter-receiver pairs are permitted, so there can be

up to 10 C cards.

The first and second entries are the frequency in GHz and the wave-
length in microns of the transmitter-receiver pair. Only one of these
two inputs is required; the other input is left blank. The input choice
is for the user's convenience. Users working with millimeter waves
generally prefer GHz frequencies, while infrared users prefer micron

wavelengths.

The third through 2ighth entries are the coordinates of the trans-
mitter and receiver. The z coordinate is the actual z coordinate of
the transmitter or receivsr (unlike the burst coordinate, where the 2
coordinate is the coordinate of the ground surface). The transmitter-
receiver coordinates define the sight path, which is the straight line

path between the transmitter and receiver.
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D Card
The D card contains the complex index of refraction information.

‘There should be one D card for each C card. If there are more C cards
than D cards, the code automatically fills the missing D inputs with
default values. If there are more D cards than C cards, the code

simply ignores the excess D cards.

The complex index of refraction at the transmitter-receiver

frequency is assumed to be

n=mnp~ing (61)
where
n = complex index of refraction
np = real part of the complex index of refraction
n, = imaginary part of the complex index of refraction
i= -1 .

Hence all input entries are positive.

Tiie first and second entries are for _he mode A dust particles,
the third and fourth are for mode B dust particles, and the £ifth and
sixth are for the carbon particles. Note that these indices are for
the airborne particles. The indices of im situ soil generally differ
from the indices of airborne dust grains. This difference is due to

the air and water in the soil.

E Card

The E card carries various soil, dust, and carbon parameters and

mass partitions. There is only one E card.

-~

The first entry is the bulk density of the in situ soil in g cm ”.
This variable is used along with the calculated apparent crater volume
to calculate the total mass of soil that was in the apparent croter.
Typical values for soil density are about 1.5 g <:m_3 for loose scil
and about 2.5 g em™> for rock. in situ soil is assumed to consist of

dust grains, air, and water.
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The second entry is the density in g c:m-3 of the airborne dust
grains. For soils this grain density is larger than the soil density;
a typical grain density value is 2.5 g cm-3. Nonporous rock can have

the same value for the im situ soil density and the grain density.

The third :ntry is the scil moisture fraction. This is defined
as the mass of water in the soil divided by the mass of the soil (in-
cluding the water). The mass of the solid dust grains is taken as
the mass of the soil minus the mass of the water.

The fourth entry is the density of the carbon particulates in

K4
-~

g cm . The default value is 1.5 g cm ~.

The fifth entry is the carbon yield fraction. Onec of the combus-
tion products from the burning of the explosive is carbon. The car-
bon yield fraction is defined as the mass of the carbon produced

divided by the mass of the explosive. A typical value for TAT is 0.3.

The sixth entry is the ratio of mode A tv mode B dust mass in the
lofted cloud. We allow two types of dust in the cloud, and this entry
specifies the relative importance of the two types. If a user wishes
to have only one kind of dust, then this eritry should be set to an
insignificant number such as 10-3. Remember that if this entry is
left blank or sst to zero, the code will automatically insert the de-

fault value, which is 0.25.

The seventh entry is the ratio of the mass in the base cloud to
the mass in the main cloud. Although the base cloud generally has
only a small fraction of the mass of the main cloud, the base cloud
can have a large effect on sight paths very near the ground since it
is norrising. Typical estimates of this ratio are in the range 0.05

to U.1; we take 0.1 as the default value.

F Card

The F card specifies the size distribution parameters for the mode
A dust particles. There is only one F card. At present three types

of size probability distributions are allowed: 1log normal, power law,
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or hybrid. The hybrid distribution consists of a log normal distribu-

tion for particles with diameters from zero to a in’ this is then

joined to a power law distribution for particles with diameters from

antoa .. To choose a log normal distribution, values aré entered

for entries one and two. To choose a power law distribution, values

are entered for entries three, four, and five. To choose a hybrid

distribution, values must be given for all five entries.

e log normal probability distribution is

distribution (microns)

.o

n

a2 k|

( " {_Zn — 1 ;

a =]

expl— E-L————lﬁ ]

. |- 7| zmsd | E

P (@) = = Ga<e (62)

- 2rafns

wvhere %
:?

a = particle diamcter (microns) ‘é

PL¥{3} da = fraction of the number of dust particles with diam- §
eters between a and a + da 2

a_ = mean particle diameter (microns) i

I =

S = standaxrd deviation parameter. E

The power law probability distribution is E
4

-1Y3 - -

P _{a) = (p-1) a. <ac<a (63) Z|

o] -(p-1) - (p-12 min — = -~ “max =

a . i -

min max =

where E
p = power Iaw exponent ’ ;

ain T minimum particle diameter in the power law size |

Aoy maximum particle diameter in the distribution (microns).

The hybrid distribution is
P (2 E
€ P 0<azay,
P,(a) = (64)
bt . <
Czpp(‘) 4pin za = %nax
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where C1 and C2 are normalization constants.

The first entry on the F card is the mean diameter in microns of
the log normal probability distribution. The second entry is the

standard deviation parameter of the log normal distribution.

The third entry is the minimum diameter in microns cf the power

law distribution. The fourth entry is the naximum dicmeter in microns

of the power law distribution. The fifth entry is the power law ex-

ponent of the power law distribution.

LI TR {"4‘1‘:

G Card

The G card specifies the size disiribution parameters for the mode

i
il

A Y

B dust particles. There is only one G card. The G card entries have

e

the same definitions as the F card entries.

Pl Y]

H Card
The H card specifies the size distribution narameters for the car-

bon particles. There is only one H card. The H card entries have the

i

same definitions as the F and G card entries.

I Card

The I card is the first of two cards specifying the atmospheric

R

parameters and the rising (main) cloud mcdel parameters. There is

s only one I card.

The first entry is the atmospheric Pasquill stability factor,

entered as a digit with the correspondence 1 = A, 2 =8, 3=C, 4 =D,

5=E, 6 = F. The default value is 4 (D), the neutral stability.

YL

The second entry is the entrainment factor for the buoyant rising
cloud model. Normally this entry is left blank and the code uses the
default value of 1.

. The third entry is the drag coefficient for the buoyant rising
cloud model. Normally this entry is also left blank, thereby specify-
ing the default value of 0.8.



air density in g cnm -3 at ground level. If

..‘

The fourth entry is the :

this entry is left blank, the code assumes the atrmosphere is the U.S. *

Standard atmosphere and calculates the ground lgevel density as

. . . -3,
£, = air density at ground level (g cm 7)
%0 = U.S. Standard Atmosphere air density at mean sea level
) e w spm3 -3
=1.225 ¥ 10 z cm

H. = clevation above mean sea level of the ground level (m).

The fifth entry is the elevation of the ground level above mean
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then this entry is not used in the ccde.

T

pA’

it

The sixth and seventh entries are the air temperature at ground

level and the temperaturc lapse rate in Kelvins and kelvins per meter,
respectively. At present thess entries are not usc

need not be specified. In the future we expect these variables to

enter into the models for main cloud stabilizatrion znd buoyant-

atmospheric diffusion crossover. Anticipating the future model

development, we have reserved these input slots.

The eighth entry is the altitnde of the air temperature inversion

bl

iayer in meters above ground level. Inversion lavers are effective
barriers for rising dust clouds. The code assumes the main dust

cloud carnot rise above the inversion lay~r. Hence at present the

temperature inversion iayer is the stabilization altitude for the

il

main dust cloud.

J Card
The . card is the second of the two cards specifving the atmos-

pheric parameters. Thers is only one J card.
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The first é;try is the mean wind velocity in meters per second.
The second entry is the reference altitude in meters at which the mean
wind velocity is measured. The third entry is the power law exponent
of the vertical profile of the mean wind velocity. The wind speed as

& function of altitude is assumed to be

-

P
z\ M -1
\M(Z) = VM(ZR)(7E> ms s (66)
where
-1
vM(Z) = mean wind velocity at altitude Z (m s )
VM(ZR) = mean wind velocity at reference altitude ZR (m s-l)
- PM = power law exponent,

The fourth entry is the azimuth of the mesn wind velocity vector in

degrees, measured clockwise from the y axis.,

K Card

The K card contains the particle size group information. A maximum
of 50 size groups are permitted, so there can pe up to seven K cards.
The entries are the maximum diameters in microns of the particles in
the size groups. The diameters are entered in ascending order. The
first size group includes particles of diameter zero up to the diam-
eter of the first entry. The second size group includes particles

with diameters from the first entry to the second entry.

7

A given size group includes all particles of all materials which
have djameters within the specified diameter ranges. T..us a particular
size group can have one, two, or three types of the different material

particles in it, depending upon the size distributions of the three
materials.

L Card

, The L card contains the calculation times in seconds. All bursts
are assumed to be detonated at time zero. A maximum of 25 calculation

times are ailowed, so there can be up to four L cards (the last card
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having only one entry). The input times must be positive and arranged

in ascending order.

M Card

The M card contains the print control option. The code computes
the propagation along each sight path by summing the effects from
each particic size group for each material for each burst. Unless
suppressed, the code will automatically print out the details of each
contributing effect. This detailed printing can produce a consider-
able amount of output which may nnt be of interest to the user. A1l
entered in column 10 of card M will suppress the printing of the de-
valls. Since the default value of the print control option is zero,
the code will print the detailed output if card M is omitted.

Naturally the summary output is printed in all cases.,
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SECTION 4
SAMPLE PROBLEM

Figure 4 shows the input data cards for the sample problem. We
have a single 360-1b TNT burst at the origin. There is a single
transmitter-receiver péir using a wavelength of 10.35 microns. The
data chosen correspond to test event B8 of the DIRT~-1 serizs of
tests at White Sands Missile Range, New Mexico (Reference 6). The
actual test consisted of three 120-1b TNT charges in a line with 15
meters spacing between charges. The three individual dust clouds
rapidly (in less than a second) merged to form one large dust
cloud. We simulate this one large dust cloud in the code by a
single 360-1b burst and by increasing the entrainment factor (second

entry, card I) to a value of 2.

Figure 5 shows the output generated by the code, which first
writes out the input data. Next the code calculates the propagation
constants for each significant size group for each material, assuming
no mixing of particles between size groups. After the unmixed data
are printed out, the propagation constants are recomputed assuming
mixing of the size groups; the mixed data are then printed. Next the
initial (t = 0+) parameters of the main cloud are computed and printed
out. Then the initial dust and carbon masses lofted into the main and
base clouds are written out. This completes the preliminary calcula-
tions., For each calculation time the propagation along each sight
path is computed and printed out, first the detailed results (unless

suppressed by the print control option) and then the summary results.
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*Note that all entries which are default values could have been
left blank |

Figure 4. Input cards for sample problem.
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SECTION 5
CODE LISTING

oLt

it

In this section we present the FORTRAN card source listings of
the ASL-DUST code. In general, each routine defines the principal
FORTRAN mnemonics of the variables used within the routine. Routine
INPUT defines all input mnemonics. Comment cards are interspersed

throughout the routines as a programming aid.
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EXECUTIVE ROUTINE FOR THE ASL MUNLITION DUST CLOUD MODEL

THIS 18 THE EXECUTIVE ROUTINE FOR THE CUMPUTER CUDE PROGRAK FOR
THE ASL MUNITION DUST CLOUD MODEL VOCUMENIED IN

HODELS FOR MUNITION DUSY CLUUDS

BY JAMES H THNMPSON

ASL=CR=79-0005=2, (GF78THP=99 ), GENERAL ELECTRIC «
TEMPN, NOVEMAER 22, 1978

ASL-DUST,. A TACTICAL BATILEFIELD PUSY CLOUD AND
PUOPLGATIUN CODE

FOLUME 1, MODEL FORMULATIONS

VOLUYE 2, USENS MANpal

Ry JAMES H, TROMPSON

GEAROTMP-G, GENFRAL fLECTRIT =~ TEMPQ, JANUARY 1980

SEE SURRDUTINE INPUT FOR THE NEFINITIONS F VARIAH_ES IN THE
CINOTY = CINTPT LABLL. " COMMON ARZAS, SEE SUBROUTINE DEPTH FOR
VARTABLES IN CDEPIH LABLLED CpMMON

CoMMan / CINPTE 7 W(10), FH(1o), CT(10), CPC10), CV(10), XR(10),
YB(10), ?6(10), DOB(i0), FCH{IO0), ACV(10),
PHIBDG(10)

oMMy /7 CINPTZ 7 FRFO(10), X{LAMDAC10), XTC10), YTC10), 21(10),
xR(10), YR(30), ZR(10)

CoMMNN / CINPT3 / XMAR(IQ), XNAJ(10), XNRR(10), XNBI(10), XNCR(10)
XNCI(10), ApA, §A, AMINA, APAXA, PA, AMH; §B,
AMINB, AMAXR, PB, AMC, §C, AMINC, AMAXC, PC

CUMMON /7 CINPTE / RHOG, RHOD, RHOC, FHPD, XLC, RMAR, RBASE

CUMMON / CINPYS / PSF, ALPHA, CORAG, HHOA, LLEVG, TAIR, TLAPSE,
BLTIYV, VWINP, ALTHW, PVH, PHIWDG

ChMMOn / CINPTe /7 MW, NnG, NRY, NTIME, NPROH, IPRINT

CUMMON 7 CINPTT / DGROVP(SO), TIM{(25)

Cavmnn 7 CDEPTh / TAUEW(10,10), TAUSW(10,10), TAUAN(10,10),
TAUE(10), TAUS(10), TAUACIO0)

SET DEFAULT TiMfS

DIMENSTUN TFLT(2%)

DATA TFLY / 2., 8.y b4y By 104r 12., 14,, 164, 18, 204, 22.5¢

2S.s 27.5, 30., 32,5, 35., 17,5, 40, 45,, S0,, S5S.,
60.¢ 70,, B0,, 100, 7

SET DEFAULT DIAHETERS OF SIZF GROUPS

NIMENSTON JLFLT(SO)

DATA DGFLT 7 5., 10,, P0,, 30_, &u,, S0,, 60,, 70,, B80,, Y0,,
100,, 105, 1'0,, 11S., 120., 12%., 130., 135., 1490,,
1t45,., 150,, 15S., 160,, 165., 170,, 17S5., 180., 185..
190., 195,, 200., 210,, 220., 230., 200,, 250,, 260.,
276,., 280,, 290,, 300,., 350,, 400,, 4S59,, S00,, 60UG..,
750., 10v0,, S00p.. 10000, /

IMPUT = OQUTPUT TAPE DESIGNATIQN

COMMON 7 TAPE /7 TIAPE, JTAPF

THE INPUT AND NUTPUT TAPE NUMRFRS ARE SPFLIFIED RY ASSIGNING
VALUES TN THF VARJARLES ITAPE AND JTAPF, RFSPECTIVELY, THESE ARE
PRESFRTLY SET T0O S AMD 6. BUT Can EASILY HE CHAKGED 8Y RESPECIFYING
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THE FOLLOWING TwO STATEMENTS
114PE = &
JTAPE = &

INITIALIZATION SECTION, SEV THE DEFAULY VALUES
RHOG = §,5

RHOO 2 2,5

FH20 = 0,15

AMA = 1,

sa = 2,2

AMINA = O,

AMAXA = O,

PA = 0,

AMINR = 180,

AVAXR = 1,E4

PR = a,

AMC =2 0,5

8C = 2,

AMING = O,

AMAXC = 0,

PC = 0,

RHOC = 1,5

xtc =z 0,3

NDG = S0

Dot 1 3 1, S0
DOGRPOLP(T) = DGFLT(I)
CUNTINUE

NRT = 1}

FREG(15 = i,ES
XLAKMDA(]) = 3,
X101} So0,

Y1(1) S0,

1) 2,
XR(1) - 590,
YR(1)} S0,
IR01Y = 2,
XNAR(1) = 1,66
XNAT(1) T 1,6E~2
XNAR(1Y = § 66
AMBI(1) = 1,6E-2
XNCR(1) = 2,
Xucicet) = 3,

PSF = 4,

ALPHA = 1,

CNRAG = 0,8

RHOA = },225F=3
ELEVG = O,

TAIR = 288,
TLAPSE = = 9,8fF=3
ALTIV = 1,E3
VHIND = 3,
PHIWDG = O,

RHAR = 0,29
RRASE =z 0,1
NYIME = 25

00 2 1 = §, NTIHE

WK uUNe
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117 TIMECI) = TRLT(D)

118 2 CONTINUE
1t9 NPRUOB = 0
120 IPRINT = ¢

121

122 READ THE INPUT FOR [HIS PROBLEH
123 10 CALL InNPUT

Ao

124 c

125 [ FUR EACH YYPE OF HATERIAL, CALCULATE THE PROPAGATION PARAMETERS
i2e c FOR €ACH CONTRIBUTING SI1ZE GROUP FOR EACH FREQUENCY

127 CALL PGROUP

128 c

129 [ CALCHLATE TME NITIAL PROPERYTES OF THE DyST CLOUDS FOR EACH BURSY
130 CaLy 1w1TCs

i34 C

i3 < TIME DEPZINDENT CALCULATIONS

133 ¢

134 c LOOP GvET TWE TIMES

135 DO 50 1T = §, NTINP

13 T 2 TIME(iT)

137 [ .

138 ¢ ZERG QUT THE gPTICAL DEPTH PARAMETERS

i3v 00 25 IFT = 1, KRY

iao TAVECIRY) = 9,

141 TA2S(IRTY = o,

tag TABA(IRY) = 0,

143 DG 285 ix 2 1, nw

1T TAUEWZ Iw, IRT) = 9,

1a% TAUSK(IN,IRT) = 0,

1645 TAUAW(Ix: 8 ) © 6,

147 25 CUNTTNUE

148 [

149 c LOOP gvEAR THE BRURSTS

159 DO 82 1« 2§, NN

151 WG = Iw

152 C

153 c FOR THIS TIME AND BURST CALCULATE THE LOCATION AND CLOUD SIZE ©F
154 c THE ZERD DIAMETYER PARTICLES

155 CALL TIMECOC 1, IWwC )

156 [

1Ss7 [ Lnop oVER THE S17t GRoUPS

156 DD 40 TG = 1, KOG

159 ID6C = IngC

1690 <

161 [+ FOR THIS TINE AND BURST FIND YHE LOCATION AND GEOMETRY OF THE
162 C Si2€ G6ruUP

163 CaLL TIMECGC T, INC, 10GC )

164 c

165 c LONP NVER THE RECEIVER - TRANSMITIER PAIRS

166 0O 36 IRT = 3, NRY

167 IRTC = IRY

163 c

169 ¢

170 [ FLR THIS TIME, BURST, AND S1Zy GROUP €IND THE MASS PENETRATED
174 [ MONG THE PATH BETWEEN THIS PPCEIVER - TRANSMITTER PAIR DUE T
172 c EACH MATERTAL IN TME SIZE GROyP

173 SALL PATHL InC, IDGC, IRTC )

174 [
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178
176
177
178
179
180
181
182
183
184
£85
186
1R7
188
1R
190
191

192

(2N aN2l

[ S o« BN = BN 2 )

[aXaNal

30
40
S0

60

FOR THIS TIME, BURST AND STZE GROUP FIND THE EXTINCTION,
SCATTERING AND ABSORPTION OPTICAL DEPTHS ALUHG THIS PATH DUE TO
EACH NATERIAL IN THE SIZE GROyP, SUK THE CONIRIBUTIUNS

CALL OFPTH( T, INC, IDGC, IRT¢ )

CONTINUE

CUNTTINUE

CONTINUE

CONTINUE

THIS PROBLEM IS COAPLETED, OG NEXT PRORLEM

G0 TN 10

END
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SUBROUTINE INPUT

THIS ROUTINE READS THE INPUT FUR EACH PROBLEM, THEN WRITES THE
INPUT VALUES OUT

DEFINITIONS (JF YARIABLES IN LABELED COMMONM

wilnj z EQUIVALENT TNT YIELD OF RURST IW (LBS IKT)

FH{IW) 3 FRACTIUN OF YIELD APPEARING AS HYDRODYNAMIC ENERGY
FOR BURLT W

CT{In} m INITIAL GAIN CLOuD SHAPE FACTOR FOR THE DIRECTION

ALONG TS SHELL 7TRACK FOR gURST IW

(ot R G = INITIAL MAIN CLOUD SHAPE FACTO? FOR THE DIRECTION
PERPENDICULAR TO THE SHELL TRACK FCOR BURST %

“VEIAY = INITIAL HAIN CLOUD SHAPE FACTUR FOR THE VERTICAL
DIRECTYION

H T ¥ CODPDINATE OF YHF GROUND SURFALE AT BURST IM

{HETERS)

8(1¥) z ¥ COORDINATE UF YHE GRUOUND SURFACE AT BURST Iv
(MZTERS?

IB{IK) £ 7 CUURDINA £ OF 3mE GROUND SURFACE AT BURST I¥W
(HETERS)

DOBLIW) - DEPn OF BURST, 1E, DISTANCE BRELOW GROUND SURFACE OF
CENTER (F GRAVITY UF QURSY Iwx (METERS)

FC2{IW) = FRACTION OF THE APPARENT CRATER MASS OF BURST Iv THAT
IS LOFTED INTQ ThE AIR

ECVLINW) = APPARENT CRATER vOLUHKE SCALING FACTOR FOR BURST IW

(CURIC METERS PER (LB TNT)eej,111 )}

PHIBGG(IN) = AZIMUTH OF 3SHELL TRACK OF BU~ST 1Im (TEGREES,
MEASURED CLOCKNISE FROM THE Y AXI9)

FREQ(INT) = FREGUENCY OF TRAYSMITTIER = RFECEIVER PaIR IRT (GHY)

KLASDA{;RT)z WAVELTNGTH OF TRANSMITTIER « RECEIVIR PAIR IRY
{MICRONS)

XT(IRT) 5 X COURDINATE OF TRANSHITTIER IRT (METERS)

YTOIFT) = Y COURDINA™E OF TRANSHITTER [RY (METERS)

21{18M) » 2 CODRDINATE OF TRAMSHITTER IRT (MET»28)

ERLIZT) = X COGRDINATE OF RECEIVER IRT (METERS)

Yﬁszn!? s Y COURDINATE OF RECEIVER IRY (METERS)

IR{IRD) 32 7 CDORDINATE OF RECEIVER IRT (METERS)

YNAR(IRT) =z REAL PART OF THE COMPLEX INDEX UF REFRACTION FUR MODE

4 DUST PERTICLES AT THE wWAVELENGTH OF TRANSHITTER =
LLELVEe inT
XNAL(IRTY = IMAGINARY PART OF 1uE COMPLEX INDEX OF REFRACTIGN FOR
ANDE A DUST PARTICLES AT THE WAVELENGTH OF
TRANSMITTER ~ HEcEIvE ™ IRT
X%AR(IAT) = PEAL PART (F THE COYPLEX INDEX [IF HEFRACYION FOR MQDE
B DUST PARTICLES A' THE WAVELENGTH OF TRANSHITIER -
RECLIVER IRTY
XNMBICIRT) = IMAGINARY 7ART OF THE COMPLEX INDEX UF REFRACTION FOR
HMADF B DUST PARTICLES AT THE WAVELENGTH OF
TRPALSHITIER ~ CECEIVER IRT
iuCE(JRT) = REAL PART QF THE COMPLEX INDEX OF REFRACTION FOR
CARBOGN PARTICLES 47 THE wAVELENGTH OF TRANSMITIER ~
REC! IVER IRT
INCICIRT) = IMAGINARY P&RYT QOr THE COMPLEX INDEX OF REFRACTION FOR
CA3B0M PARTICLES AT THE WAVELENGTH OF TRANSHIYTER =
RECEIVER IRT




59
60
&1
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
75
79
80
81
82
83
AR
85
84
of
88
89
90
91
92
<3
94
95
96
97
94
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116

nnﬂnnnnnnnnnnnnnnnnnnnﬂnnnnﬂnnnnnnnnnnnnnnnnﬂnnnnﬂnnnnnﬂnn

AMNA
Sa
AMIMe
AMAXA
AMB
38
AKINA
AMAXB
AMC
3C
AMINC
AMAXC
RHOG
RHOD
RHAC
FH2O
xLc
RHAD
RBASE
PSF
ALPHA
CORAG
RHA
ELEVG
TAIR
TLAPSE
ALTIY
Ve InD
ALTw
Pvw
PHI®DG
N
NDG
NR?
NYTIME

NYRUR
1PRINT

e un

Moo RNt 1] "

0w nun

MEAN DIAMETEH OF THE LOUG NURMAL DISTRIBUTION FOR MUDE
A DUST PARTICLES {MICRONS)

STANDARD DEVIATIQN PARAMETER OF THE LUG KORMAL
DISTRIBUTIUN FUR MUDE A DUST PARTICLES

HINTHUN DIAMETER OF THE POWER LAW DISI{RIBUTIUN FUP
HODE A DUST PARTICLES (RICRONS)

MAXTHUM DIAMETER OF THE POwER LAW [PISTHIBUTIUN FOR
HODE A DUST PARTI{CLES (HICRONS)

MEAN DIAMETER OF THE LUG NURMAL SI1STHIBUTIUN FUR HUDE
8 DUST PARTICLES (MICRUNS)

STANOARD NEVIATINN PARAMETER OF VHE LOG NORPAL
DISTRIBUTION FOR MUDE 8 DUST PARTICLES

MINIHUHM CIAHMETER OF THE POWES LAW DISTRIHI-TION FOR
MODE B DUST PARTICLES (MIZRONS)

MAXTHUM DIAMETER OIF THE POUKER LAw DISTRIBUTION FOR
MODE B8 PUST PARTICLES (HICRONS)

MEAN DIAMETER OF THE {06 NURMAL DISTHISUTIUN FOR
CARBON PARTICLES (MICRUNS)

STANDARD DEVIATIAMN PARAMEIER OF THE LOG NORMAL
OISTRIBUTIUN FOR CARBON PARTICLES

MINTMUM DIAMETER OF THE PORER LAW DISTRIBUTION FOR
CARBON PARTICLES (MICRONS)

MAXTMUM DIAMETER (OF THE PORER L%% DISTRIBUTICN FOR
CARBON PARTICLEL (MICRONS)

BULK DENSITY OF N SITU SOIL {(GH/CH3)

BULK DENSITY OF yHE LOFTED DUST GRAINS (GM/CHM3)
BULK DENSITY OF THE CARBON PARTICLES (GM/CH3)

SOIL HOISTURE FRACTION (M&SS UF WATER IN SUIL DIVIDED
BY TOTAL Ma8S OF S01L INCLUDING WATER)

CARARON YIELD FRagTUN (LB OF CARBON PRGOUCED PER LB
OF TNT)

RATIC OF THE MASg OF “ODE & DUST PARTICLES TO THE
MASS OF MODE B OyST PARTICLES IN THE LOFTED CLOUD
RATIU UF THE MASs IN THE BASE CLUUD TO THE MASS IN
THE MAIN CLOUD

ATHOSPHERIC PASOuILL STABILITY FACIOR (1 = A, 2 = 8,
3=, ax0,52E)

ATHR ENTRAINMENT FACTUR FUR RISING CLOUD nMODEL

DRAG COEFFICIENT FOR RISING CLUUD MUDEL

AMBIENT AIR DENSTTY AT GROUND LEVEL (GM/CHM3)
ELEVATION OF GROpMND LEVEL (METERS)

AlH TEMPERATURE 41 GHOUND LEVEL (DEGHEES X)
TEMPERATURE LAPSE RATE (DEGREES K/METER)

ALTITUDE ABOVE GRUUND UF IRVERSIUN LAYER (METERS)
MEAN WIND VELOCITY AT REFERENCE ALTITUDE (METERS/S)
nIND REFERENCE AL TITUDE (METERS)

PONER LAX EXPONENT OF VERTICAL FRUOFILE OF HMEAN WIND
VELOCITY

AZIHUTH OF MEAN wIND VELOCJTYY (MEASURED CLOCKXW]ISE
FROM THE Y AXIS) ( DEGREES)

NUMBER (OF BURSTS

HUMBER QOF PARTICLE DIAHETER SIZE GROUPS

NUMBER 0OF TRANSMITTER = RECEIVER PAIRS

NUMRER OF CALCULATION TINES

NUMBER NF THE PRESENT CASE BEING CALCULATED

PRINT CONTROL UPYION (0 = PRINY DETAILS OGF PATH
INTEGRATION, 1 = PRINT UNLY SUNMARY (OF THE PATH
INTEGRATION)
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150
161

163
164
16%
168
167
164
H-3
170
171
172
173
173

[ EuNuNeRel

[ X2l OO

[ulal

[aNaNal
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DGROUP(106)e MAXIMUM DIAMETSR OF THE PARTICLES IN THE JDG SIZE
GROUP (MICRONS)
TINELLT) = THE IT CALCULATIQM TIME (SE(ONDS)

COMMON 7/ CINPTY 7 wW(10), FH{lg), CT(10). CP(10), CV(1Q), XB(10),

1 Y8(10), 28(10), DOB(10), FCH(10). ACV(10),
2 PHIBDG(10)
COMMDE . CInPT2 7 FREG(103, XLANDAC10), XT(30), YT(10), 27(10),
H XR(i10), YR{10}, ZR(10)
CuuMaN 7 CINPTI 7 xNAR(30), XHALIC10), XHNB™ "10), XNBI(10), XNCR{10)
1 ¢ XNCIC1C), AMA; S8, AMINa, AMAXA; PA, AMB, S8,
2 AMINB, AMAXg, PH, AMC, SC, AMINC, AMAXC, PC

foueaN / CIuPi1 / RHGG, RH0D, RiGC, FH20, XLC, RMAB, RBASE
COMMan s CINPYS 7 P87, ALPHA, CDRAG, RHUA, ELEVG, TAIR, TLAPSE,
1 ALTIV. v¥%INp, ALTW, PVYW, PRIWDG

CUMMON /7 7w Tb / NW, NDG, HRT, NTIME, NPRUB, IPRINT

COBMON 7 CINPTT 7 OGROUP(S50), TINMEL2S)

COMHON / TAPF / ITAPE, JSTAPE

DIMENSIUN INDEX(5CY, HPST(6), ¥(8), CARD(1S)

QAT INDEX 7y, 2, %, 4, 5, &6, 7, 8y 9, 1G,s 1}, 12, 13, 18, 15,

1 16, 17. 48, 1¢, 20, 21, 22, 23, 24, 235, 26, 27, 28,
2 29, 30, 3%, 32, 33, 34, 35, 36, 37, 38, 39, 80, 41,

3 €2, 43, a4, 45; 46, 47, 48, 69, S50 /

TAYA HPSF 7 i1nA, 145, 1HC, {Hp, 1HE, LHF /

JATA CARD / 1H&, IMB, IMC, ’HD' tHE, IHF, LHG, LHH, IHI, (HJ, 1KK,
1 tHL, 1HM, IHN, 1Hn /
DATA BLANK 7 14 /

HIARD = 0

NA = ¢
NB 3 O
N( = @
K = ¢
LXK 3 9

READ NEXY [LPUY CARD
READ(ITAPE, 2) XCARD, { X(J), J = 8, 8 )
FORMAT( 41, E9,0, TEI10,0 )

CuECKk IF FIRST COLUMM 18 BLANK: W4TCw S:GIIFIES END OF INPUT DATA
FUR THIS PROBLEM
IF{ XCARD LNE, BLANK ) G0 70 4

CHECK (F END OF JUB { Tn( BLANK CARDS IN A ROR )
IF{ NCARD ,EG, U ) STUP

In®YT HAS BEEH READ, SFT CLUNTERS, FILL IN ANY DEFAULT VALUES

IFO MY LGT, ¢ ) N = NA
IF{ ~¢ CT. © ) NRT = nC
IF( v 6T, 0 ) NDG x NJ
IFC N ,6T, 0 ) NTIME = NK
IF( NX LEQ, 0 Y GO D 1
NP2(R = NPROR ¢ |

CHECK IF THERE ARE MQRE GROUP 4 SETS THAN GROUP 8 SETS, IF 30 FILL
IN REST OF GROUP 8 SE.S RITK niFfiULT YALUES

S
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NDIF = NW « NB

IF( NDIF ,LE., 0 ) GD 10 4
NAt = NB + |

NEND = NBR ¢ NDIF

0N 3 N = NB1, NEND

DUR(N) = O,

FCM(N) = 0,25

ACV{N) = 0,03

PHIBNGINY = O,

CUNT INUE

CHECK iF THERE ARE HORE GROUP C SETS THAN GROUP O SETS, IF SO FILL
IN REST OF GROUP D SETS NITH nEFAULT VaALUES

NDIF = NRT « ND

IFC MDIF LLE, 0 ) GO TO 100

ND} = NDY ¢ ¢

NEND = ND + NDIF

DU S & = NDi, NEND

XNAR(N) = 1,66

XNAT(N) = ) _b6Ee2
YNBR(N]} = 1,66
XNBI(NY = | 6E=2
XNCRINY = 2,
XNCI(N) = 1,
CONTINHE

WRITE QuUT THE INPUT DATA FOR THIS PROBLEM
GO TO 100

GO TO THE APPROPRIATE INPUT GROUP, IF Np VALUE 19 PROVIDED fF02 A
PARAMETER, USE DEFAULT VALUE

N0 7 IC%RD = t, 1S5

1 = ICARD

TIF( XCARD (€0, CARD(I) ) GO Tn 8

CONT INUE

GO To

NCARD = NCARD ¢ 1 .

60 Yo¢ 10, 1S, 20, 30, GO, “S, 48, S0, S5, 60, &S5, 70, 80 ), I

INPUT GROUP A, YIELD, HYDRO FRACTION, SHAPE FACTORS, BURST
COOANINATES

IF( X(1) (LE, 0, ) GO TD
NA x NA ¢+ |

W(NA} = X{1)

FH(N&) = 0,5

IFC X(2) 6T, 0, ) FH(NA) =
CT(NA) = 1,

IFC X{3) 6T, 0, ) CY(NA)
CP(NaY = 1,

IFC x(3) 6T, 0, ) CP(NM)
CViNa) = &,

iFC X(S5) .61, 0, ) CV(NA)
XH(NA) 3 X{6)

YB(N&) = X{7)

I8(NA) = X(8)

60 10 ¢




15

25

26

27

30

JupPUY GROUP B, DEPTH OF BURST, FRACTION OF APPARENT MASS LOFTED,
LOADING FACTOR, SHELL TRACK A71HUTH

K8 = NB + |

DOBR(NBY = X(1)

FC*(nug) = 0,25 :

IFe x{2) .67, 0, ) FCH(NB) = x(2}

ACVIHBY = 5,03

IF{ X(33 67, 0, ) ACV(NB) = x(3)

PHIBLGINB) = x(4)

L FRER

60 1o ¢

Ivcyt GROUP C, FREQUENCY QR WAVELENGTH, COGROINATES OF TRANSHMITTER
&kt RECEIVER

R 1 &T =

IFC W)
1Fr 123

LES, 0, LAND, X(2) .G, G, ) GO 10 22
LEQ. 0, ) GO TO 2t

XL LMEE{RD) = X(2)

FREZINC)
5 I0 3
L FT IO

AL gMbg {50

3¢ 0 23
FRED{NE)

7 quEy =
070 £S5
XTiNg) =

FI{NEY =
«TI{NCY =
IFL X{s6}
XREACY =
YR{NTY} =
IR{KEY =
GO T 27
XRingy =

YR{NT)
17N

Sy IOt

nw

5 3.E% 7/ XLAMDAINC)

= X7t
7 = 3,ES 7 FUERING)

2 1.E5
Pz o3,
L, 0, (AND, X(4) g0, 0, ,AND, X(S) .EQ. O, ) GO TO 24
X{3)
x{a)
x5

So00,
59,
L9, O, (AND, X(7) .gG. O, ,AND, X(B) ,EG, C, )} GO 10 26
x{e?
X7y
X{R}

- Se0,
S,
2.

TNPUT SRDUP D, INDICIES GF REFRACTION FOR MODE A DUST, MODE 8 DUSY
AND CARBON FOR EACH FREQUENCY
40 = ub o+ 1

iF{ ¥(2}
X aR{ND}
A £
NRI{#3)
IFg xeq}
XNTR{ED)
IF{ #(S)
XNCIIRD)
If{ (8}
86 In 1

} XNAR{ND) = x(1}
LT, 0. ) XNADCNDY % X(2:
.61, 0, ) XNBR(ND) = X(3)
. 7 XNBI(ND) = x(&}
L6T, 0, ) XNCR{MD) = X(5)

5T, 0, ) XNCI(ND) = X(&)

78
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NI o T B

2N
292
293
298

32s
32s

335
3136

las

(e EuNalsl

&0

[y XuXgl

45

S0

INPUT GROUP E, DEN3ITIES GF SpllL, OUST GRAINS AND CARBON, 3S01IL
HOTISTURE CONTENT, CARBON YIELp FRACTION, RATIOS OF MODE 4 1O MODE
8 MASS AND BASE TO MAIN CLOUD MASS

RHOG = 1,5

IFC X(t) ,CGT. 0. ) RHOGC = X(1}
RHOD £ ¢,5 .
IF( X(2) .67, 0, ) RHOD = X{2}
FH20 = 0,15 .
IF( X(3) ,67. 0, ) FH20 = X{(3)
RHOC & 1,5

1Ft X(8) 6T, 0, ) RHOC © X(&)
XLC = 0,3

IF¢ x(S5) .67, 0, ) XLC = 2(5)
auAB = 0,25

1F¢ X(6) ,GT, 0, ) RMAB = X(6)
RBASE = 9,1

IF( £(7) 6T, 0, ) RBASE = X(7)
60 10 1

INPUT GROUPS £, G, AND H, PROBASILITY DISTRIBUTION PARAMETERS FOR
THE MODE A+ MODE 8; AND CARBOn PARTICLES

TIFC X(1) & X{2) JLE. 0, LAND, X(3) & X(&} = X{5) ,LE, O, ) GO Y0 !
AMA = X(1}

84 = X(2)

AMINA = X(3}

AMAXA = X(R)

PA 3 X(S)

€0 TN 1§ .

IFC X(§) » X{2) ,LE. 0s oAND, X{(3) & X{8) = X(S) ,LE, 0, } GO VO
AMB =z X(1)

88 = x(2)

AMINBG = X(3)

AMAXS = X(&)

P8 = X(5)

60 10 ¢

IFC XC1) & X(2) LE. 0. JAND, X(3) #» x(&) # X(S) L€, 0, } GO TO 1
AR s X(1)

8C = x(2)

AMINC = X(3)

AHAXC = X{&)

PC x X(S)

6o 10 !

INPUT GROUP 1, ATMOSPHERIC ANp RISING CLOUD PARAMETERS
PSF = 4,

IFC (1) .67, 0. ) PSF = X{(1)}

ALPHA = 1,

IFC X(2) 6T, 0, ) ALPHA = X(2)

CORAG = 0,8

IFC 2(3) ,6¥, 0, ) CORAG = X{3}

RHOA = X(&)

ELEVG = X(5) .

1F( RHOA LE, 1.E=8 } RHOA ® §,225E=3 » EXP({ ~ ELEVG / B,4E3 )
TAIR = 288, .

IFC x(8) ,GT, 0, 3 TAIR = X(%)

TLAPSE = = 9.8E=-3

IFC X(7) ,NE, 0, ) TLAPSE = X7)
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£
£
¢
i
H
4
£
£

3iz9
3s¢
353
352
353
3sa
358
356
357
358
3s¢
is%
361
182

363
g
o7
LY
169
370

37}

3712
373
37¢
375
376
377
378
379
389
38%
382
383
384q
3a8%
336
387
388
Ine
399
391
392
333
393
39%
39y
397
398
329
2G¢
891
502
=33
BT -]
qas

Q08

(s Na Xyl

[u Xl

(s XuNyl

100 =RITE(JTAPE, 101) NPROR
101 FOREAT(1H1,09H

ALTIV = 1,E3
IF( X(R) L,GT, O, ) ALTIV = X{(4)
60 1§

InPLT GROUP J, HEAN KIND VELOCITY, wIND REFERENCE ALTITUDE, POMER
La¥ EXPUNENY OF VERTICAL PROFILE, WIND AZIMUTH
&0 VHIND T 3. i
IFL X{1) 67, O, ) V¥IND = X{t)
414 = 19, .
IF( x{2) 6T, 0, ) ALTW = X{(2)
PYK =2 5,1
IF{ X3} ,e7, B, ) PyH =2 X{(3}
PiIwh; T X{4)

T OIN

HAXIMUM DIAMETERS UF PARTICLES IN THE SIZE GROUPS

@
A

?
£, 0., J 60 Ty o7
S, 0 ) 6C 70 66
F } JLE, DGROUP(NJ} } &U TO &7
66 HJ T NJ ¢+ } .
s tH

INPUT 530UF L, CALCULATION 1IMES
700G 72N21,8

IFL X{N) LLE, 0, ) GO TOo 72

IFC Nx ,EQ, 0 ) GO 10 71

IF{ xiN} LLE. TIME(NK} ) 62 T 72
71 K & NX ¢} ;

TIrSing) = X{N)
2 Lu TINUE

50 14 1

Ix2yT IROUP M, COGHTRDL OPTIONS

80 IzRINT = 0
IFC ¥{1) .67, 0, ) IPRINT = § -
$G IO

713 SECYIQH XRITES nUY THE InpUT DATA FOR THIS PROBLEM

T CLOUG HODEL 72/

21T, ARu IKPUT DATA FOR PRUSL
IEx nUmars . 13 s/

2140, TR MUNITION AND CRATER
S PARAVETERS /

&1HD,12T4H3USSY  YIELD HYORp INIT1AL SHAPE FACTORS BURST
FPOINT  QDMDINATES OEPTH Oy LOFTED LOADING SHELL TRAC
8y

Fi5 L1234 (.8 TRY) FRACT{ON ALONG CRNSS VERTICAL X COORD,
1 Y £goRd, T CQORD. BURSY HASS FALTOR AZIryuTH/
2iH L1224 TRACK TRACK {METERS)

3 IMFTERS) (HETERS) IHETESS3Y FRACTION (M3/1L8 INTI Y13 (DEG) )

SRITEZJTAPE, 192) ( € I, ={I}, FH{I), CY(I), CP(I). CVII), XB{1),
1YB{1}, ZB(1), DOBLI), FLH{I)s ACVII), PHIRDGLL) ¥¢ I = 1o NW )

ASL MUNITION

oy WO




a07
408
a09
s 410
- 411
are
413
414

VLA

a16
417
dia
[

uzs
a29
430
a3t
aze
433
434
43S
n36
437
438
439
4a¢9
4aq1
442
443
444
44as
446
aa7
468
4ay9
450
451
as2
453
a54q
45s
456
457
us8
859
460
461
462
463
460

O YRR, s o o R e

102 FORMATC(IH , I3, F9,1, F9,1 , F9.1y F7,1, FB,is F13,t, F10.1, F10.1

108

105
106

107

108
109
110
114

1o F9,i, F10,2, 1PE15,2, OPFI2,! }
WRITE{JTAPE, 103) RHDG, FH20, RHOD, A

MA, 8A, AMINA, AMAXA, PA,

1 RHOD, ANMB, 8B, AMINB, AMAXB, PB, RHMOC, AMC, SC,
AMINC, AMAXC, PCy» XLC, RMAB, RAASE
!03 FORMAT(1HO,22HRULK DENSITY OF SOIL =, Fd,i, 7H GH/CNH3 /

11H , 2a4SOIL MOISTURE FRACTION =, FS,
21H0,TTH
JIBUTION PARAMETERS / 1HO,

a794 DENSITY MEAN
SUH POWER LAN /7 1H ,
67TBHMATERIAL (GH/CHI) DIAMETER
TTER EXPONENT / H ,

B6TH (MICQRONS)
90NS) 7

{18 , BHDUST « &, Fo,2, F12,2, Fi2,1,
2tH , BHDUST « 8, F3,2, F12,2, F12,1,
314 , GHCARBUN, F11,2, F12,2, F12.1 ,
31HO, 23HCARBON YIELD FRACTION g, FS,2
S1H ,29HRATID MODE A TO HODE B MASS =,

2 SIZE PROBABILITY OISTR
STANDARD HINIMUN MAXINM
DEVIATION  DIAMETER DIAME
PARAMETER (MICRONS) (MICR

Fi3.1» F13,1, F10,1 /
Fil,1, F13,8, F10,1 /
Fi3elr F13.1, F10,1 /
/

FS.2 /

61H , 3IHRATIOBASE [0 MAIN CLNUD MASS =, FS,2 // )

N = MINOC 10, NDG )

HWRITE(JTAPE, 104) € INDEX(I), I = i,
FORMAT(1HO,80H .
IPARTICLES IN EACH BIZE GROUP 7
21HO, 1THSIZE GROUP NUMEFR, 14, 9111 )
WRITE(JTAPE, 105) ( OGRUUP(I), I =34,
FORMAT(LH ,16HMAXIMUN DIAMETER, £7.1s
WRITECJITAPE, 106)
FORMAT(IH ,13H
00 109 { = ¢, &
NS r 10 ~ 1 ¢ 1
NF = NS ¢ §

IFC ND§ LT, NS ) GO TO 110

NF = MINO( NF, NDG )

WRITE(JTAPE, 107) ( INDEX{N)}, N = N3,
FORHAT(1HO, 11X, 10111 ) )
WRITE(JTAPE, 108) ( DGROUP(N), N = NS
FORMAT(iH , 12X, 1071L,1 )

(HICRONS) )

CUNTINUF

WRITE(JTAPE, 111) NPROB
FORMAT(1HY,65H

1ROBLEM NUMBER, I3, 12H (CON:iINUED) 7/
21HO, 74H

3EIVER PARAMETERS /

G1HO, 90H PAIR  FREUUENCY WAVELENGTH
5 RECEIVER COORDINAYES /
614 , ISHNUMBER (GHZ) (MICRNNS)
798D, X COORD, Y COORD, 2 C.ORD,
81H , 95H )
9ERS) {METERS) (METERS) (METERS)

N
HAXIHUM DIAMETERS COF

N )
9Fig.1 )

NF )

¢+ NF )

INPUT DATA FOR P
TRANSHITTER = REC
TRANSMITTER *OORDINATES

X COORD, ¥ COURD, 7 Co
/
(METERS)

)

(METERS) (MET

WRITECJTAPE, 112) € ( I, FREQ¢T), XLAHDACI)» XT{I), YI(I), ZT(I),

! XR{I), YR(1), ZR(1) ), 1 = i, NRT )

112 FORHATINH , IS: 1PELG, 2, OPFlo.lp F12,1, SFif,t )

1
113

HRITE(JTAPE

FORMAT(
16H4H

1HO/ {KO,

113) € € X, FREG(I): XLAMDACI), XNAR(I)s XNAI(I),
XNBR(I), XNBI(I}, XNCR(I), XNCI(I) 3, I = 1, NRY )

INDICICS OF KEFRA




465
a6s
asy7
468
469
4710
4711
ar2
ars
47a
ars
are
417
a7s
ar9
a89
4R
LET
ugs
484
485
Wge
ay7y
488
480
490
491
a9
a93
494

e—

£
£
H

2CTION / 1HO,
392H PAIR  T[REQUENCY WAVELENGTH DUST = NMUDE &4 ousy
4 « MODE 8 CARBON / tH ,
S120HNUMBER (GHZ) (HICRONS)  REAL PART IMAG FARY  REAL PaA
6RT IMAG PART  REAL PART  [MAG PART /
T C IH , I3, 1PE14,2, OPF10,1, F10,?, 1PE14,2, OPF10,2, iPEIG,2,
8 0PF10,2, 1PE14,2 ) )

IPSF = IFIX( PSF )

APSF = HPSF(IPSF)

WAITECJTAPE, 114) APSF, ALPHA, CORAG, RHOA, ELEVG, TAIR, TLAPSE,

T ALTIV, VWIND, ALTH, PVYH, PHIWDG

118 FORMAT(IHO/

1140, 68H ATHOSPHERIC P
2ARRMEYERS /
31H0, 9AHPASOUILL  CLOUD ALPHA CLOUD DRAG  AIK DENSITY  GROUNC
[ GROUND AlIR TEHPERATURE INVERSION ¢
SIH ,10tHSTABILITY ENTRAINMENT COEFFICIENT AT GROUND  ELEVATIO
6% TEHMPERAYURE LAPSE RATE LAYER ALTITUDE /
TiH , 9BHFACTOR FACTOR (GH/CH3) (METERS)
8 (DEG K} (DEG K/ M) (METERS) /
971N 2%, A, FIS 1, F12,1, {Pgl17,2¢ OPFIY, , Fii,1, 1PE14,1,

§ OPFIS,1 /
21H0, G7THMEAN WIND WIND REFERENCE WIND VERTICAL  WIND /

3tH ,a9HVELOCITY ALTITUDE PROFILE POWER AZIMUTH /
4iH ,48H (M/8) (METERS) LAW EXPONENT (DEG) /
SIH , Fe.le Fl4.4, FI1S,2, F13,1 )

RETURN

END

Lieemt R e | ey
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SURROUTINE FGROUP

THIS SUBRUUTINE IS THE EXECUTIVE ROUTINE FOR THE CALCULATION OF
THE PPNPAGATI(N PARAMETERS FOR EACH CONTRIPUTING SIZE GROUP FOR
EACH TYPE OF PARTICULATE MATERIAL FUR EACH FREQUENCY. THI3 ROUTINE
SETS UP THE TNPUT TU SUBROUTINE CGRUUP, STORES THE QUTPUT IN THE
APPROPRIATE VARIABLES, AND AFTER ALL CALCULATIONS ARE CCYPLETE
HRITES OUT THZ RESULTYS

INPIJTY FROM CINFT COMMON AREAS

RHOD = DENSITY UF TKE DUST GRAINS (GM/CH3)

]HOC = DENSITY (OF THE CARBON PARTICULATES (GH/CH3)

XNAR £ REAL PART OF THE INDgx OF REFRACTIUN FOR MODE A DUST
PARTICULATES

XNAJ = IMAGINARY PART OF THg INDEX OF REFLACTION FOR MODE A OUST
PARTICULATES

XNBR 2 RFAL PART UF THE INDgX OF REFRACTION FQR MODE B DUST
PARTICULATES

XNAT © [HAGINARY PARY OF THp INDEX OF REFRACTION FOR MODE B DUST
PARTICULATES

XNCR = REAL PART OF THE INDgX OF REFRACTION FOR CARBON PARVICLES

XNCI 3 IMAGINARY PART OF THF INDEX OF REFRACTION FOR CARBON
PARTICULATES

AMA = LOG NNRMAL MEAN DIAMgTER PARAMETER FOR MODE A DUSY

PARTICLES (MICRONS)

AMB = LOG NORMAL MEAN DIAMETER PARAMETER FUR MODE 8 DUST
PARTICLES (MICRONS)

AMC = L0G NORMAL MEAN DIAMgTER PARAMETER FOR CARBON PARTICLES
(HICRONS)

SA = LOG NUIHMAL STANDARD npEVIATION PARAMETER FOR MODE A DUST
PARTICLES

S8 £ LOG NORMAL STANDARD npEVIATION PARAMETER FOR MODE B DUST
PARTICLES

sSC z LG NORHMAL STANNDARD DEVIATION PARAMETER FOR CARBON
PARTICLES

AMINA = POWER LAW MIFTAUM DIAMETER FOR MODE A DUSY PARTICLES,
(MICRONS)
TRIS IS THE DIAMETER AT WHICH THE LOG NORMAL AND PONWER
LAw PROBABILITY OISTRIBUTIUNS ARE JOINED TOD FORM THE
HYRRID PROBABILITY DISTRIBUTIGN

AMINA & POHER LAW MINIMUN OIAMETER FOR MpDDE B DUST PARTICLES,

(MICRONS)

AMING 3 FOWER LAW MINIMUM DIAMETER FOR CARBON PARTICLE.
(PICRONS)

AMAXA = PINER AW MAXTMUM DIAMETER FOR MODE A DUST PARTICLES
(HICRIINS)

AHAXB = PO<ER LAW HAXTMUW DIAMETER FQR MODE 8 DUST PARTICLES
{MICRONS)
AMAXC = POANER LAW BAXIMUM DIAMETER FOR CAnBON PARTICLES

{MICRONS)

PA 2 EXPONSNT FOR PUWER AW PROBABILITY DISTRIBUTION FOR THE
M(DE A DUSY PARTICLEg

Py = EAPONENT FOUR POWER Law PROBAHILITY DISYRIRUTIDN FOR THE
MORE B DUST PARTICLES

PC = EXPONFNY FOR POWER Law PROBABILITY OISTRIARUTION FOR ThE

CAPRON PARTICLES
OGPOUP = APRAY UF MAXI#UM DIAMETERS OF PARTICLES IN EACH SIZE
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GROYP (MICRONS)
XLAMDA = ARRAY OF THE WAVELENGTHS OF THE TRANSMITTER - RECEIVER
PAIRS (MICRONS)

QUTPUTS TO CPGRP COMMON
FNALT) = NUHBER FRACTIOMN OF PARTICLES IN 31ZE GROUP I FOR MODE
A DUST PARTICLES (RATIO OF NUMBER OF PARTICLES IN SIZE
GROUP T{ TOTAL NUMBER OF PARTICLES IN CISTRIBUTION )
NUMRER FRACTION Of PARTICLES IN SIZE GROUP [ FOR MODE
B DUST PARTICLES
NUMBER FRACTION QOf PARTICLES IN S12€ GROUP I FOR
CARRON CARTICLES
“A85S FRACTION FOR SI7€ GROUP I FOR MODE A DUST
ARTICLES ( RATIO OF “ASS OF PARTICLES IN SIZE GROUP 1
TG OTOHTAL YASZ IN ~[STRIBUTION )
MECS FRACTION FQR SI7t GROUP 1 FOR NODE B
~AUVICLES
4483 FRAICTIOY FOR S12E GROUP § FOR CARSUN PARTICLER
NUMBER OF PARTICLES PLR GRAM {F »ATERIAL IN SIZE GROUP
1 FoR MODE A DUST PANRTICLES (NUMBER/GH)
NUMBER CF PalP”*CLeS PER GSRAM OF MATERIAL IN SIZE GROUP
I FOR HODE B DUST PARTICLES (NUMBER/GM)
WUFRIR M7 PeOTICLES PER GRAM OF MATERIAL IN SI1ZE GROUP
1 FOR CARBUN PARTYCLES (NUMBER/GK)

AYERAGE ABSORPTIn CROSS SECTION PER PARTICLE IN S1Zf
GROUP 1 FU RAVE; NGTH J FCR HODE 4 DUS! PARTICLES
(CH2)

ENRLY)
FNCLD)

Fuacrn)

TAAMNMAOMIOOOOOO™

DUsTY

PHGC(I)

JIGAS(I,+J) =

SIGAB(I,J)

SI1GAC(L,d)
SIGSA(I, )

S16S8(1,d)

21G8C(.,3)
SIGEA(I,J)

SIGEB(L,J)

SIGEC(I.,J3

AVERAGE
SROUF 1
[

AVERAGFE
GROUP |
BVERAGE
GROUR ]
(CH2)

AVER 5F
GROUP
(cH2)

AVERAGE
GROUP |
AVERAGE
GROUP
LEn2)

AVERAGE
GROUP I
({13

AVERAGE

ABSORPTION CRDSS
FOR WAVELENGTH J

ABSORPTIAN CROSS
FOR WAVELENGTH J
SCATTERING CROISS
FOR WAVELENGTH J

SCATTERING CRNSS
FOR WAVELENGTH J

SCATVYERING CROSS
FOR MAVELENGTH J
EXTINCTION €088
FOR WAVZLENG™S

EXTINCTInN CROSS
FOR ®WAVELENG{H J

EXT uCTInN CROSS

SECTION PER PARTICLE IN SIZE
FOR MODE B DUST PARTICLES

SECTION PER PARTICLE IN SIZE
FOR CAIBON PARTI{LES (CM2)
SECTION PER PARTICLE IN SIZE
FOR MODE A DUST PARTICLES

SECTION PER PARTICLE IN SIZE
FOR MUDE 8 DUST PARTICLES

SECTIUN PER PARTICLE IN SIZE
FOR CARBON PARTICLES (CHM2)
SECTION PER PARTICLE IN SIZE
FOR MUDE A "UST PARTICLES

SECTIUN PER PARTICLE IN SIZE
FOR HODE B DUST PARTICLES

SECTIUN PER PARTICLE IN SIZE

SROUP I FNOR WAVELENFTH J FOR CAR & PARTICLES (CM2)
AVERLCF SACXSCATTENR CRUSS SECTION 2K PARTVICLE IN
SIZE GROUP I FOR WAVELENGTH J FOR MODE & DUST
PARTICLES (CHP)

AVERAGE BACKSCATTER CROSS SECTION
8177 GROUP I FUR WAVELENGTH J FOR
PARTICLES [ucM2)

AVERAGE HACKSCATYIER CRUSS SECTINN
SIZE GROUP 1 FOQ WAVELFAGTH J FOR
(tM2)

¥ASS5 ABSURPTINN ¢NEFFICTENT FOR SIZE GROUP T AT

S16BALT, )

SIGBA(I,J) PER PARYICLE IN

HOCE B husT
SI168C(1,d) PER PARTICLE 1IN
CARBUN PARTICLES

€
c
c
C
~
C
¢
c
c
°
[
C
<
<
C
c
c
c
c
[
o
c
C
c
c
C
C
C
c
C
C
C
[
C
c
<
c
o
[
C
C
C

CHUAL (T, )




117
118
119
120
121
122
123
i2q
125
126
127
128
129
130
131
132
133
134
135
138
137
138
139
140
1at
162
143
1ay
145
146
147
tus
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
186
167
168
169
i70
171
172
1713
173

AN OO0 AN AOACCOMNANOOANOO0OONNO00AO00O000

i
2

1

WAVELENGTH J FUR MUDE A DUSYT PARTICLES (CM2/GM)
CMUABR(T,J) = MASS ARSORPTION COEFFICIENT FOR SIZE GROUP T AT
WAVELENGTH J FOR MODE B DUST PARTICLES (ChH2/GM)
CHUAC(I,J) = HASS AHSORPTION CcOEFFICIENT FOR SIZE GROUF 1 AT
WAVELENGTH J FUR CARBON PARTICLES (CM2/GM)
CMUSA(I,J) = MASS SCATTERING COEFFICIENT FOR SIZE GROUP I AT
WAVELENGTH J FOR MONDE A DUST PARTICLES (CH2/GM)
CHUSR(T1,J) = MASS SCATVERING CUEFFICIENT FUR SIZE GROUR 1 AT
WAVELENGYH J FOR MUDE B DUST PARTICLES (CM2/GM)

CHUSC(T,J) = HASS SCATTERING COEFFICIENT FOR SUZE GROUP [ AT
WAVELENGIH J FUR CARBON PARTICLES (CH2/GH)
CHUEA(I,J) = MASS EXTINCTION cOFFFICIENT FOR SIZE GROUP I AV
RAVELENGTIH J FOR MUDE A DUST PARTICLES (CM2/GmM)
CMUER(I,J) 3 MASS EXTINCTION cOEFFICIENT FOR SIZF GROUP | AT
WAVELENGTH J FUR MODE 8 DUST PARTICLES (CH2/GM)
CMUEC(T,J) 8 NASS EXTINCTION ¢cOEFFICIENT FOR SIZE GHOUP I AT

HAVELENGTH J FOR CARBON PARTICLES (TM2/GH)
CMUBA(T,J) = MASS BACKSCATTER CUEFFICIENT FOR SIZE GRUUP [ AT
WAVELFHGTH J FUOR MODE A DUST PARTICLES (CM2/6M)
MASS BACKSCAYTER COEFFICIENT FOR S1ZE GROUP I AT
WAVELENGTH J FOR MODE B DUST PARTICLES (CM2/GH)
CMUBC(1,J) = MASS BACKSCATTER CUEFFICIENT FOR SIZE GRUUP | AT
WAVELENGTH J FUR_CARBON PARTICLES (CM2/GN)
CHMUEMACIRT) = MEAN MASS EXTINCTIUN COEFFICIENT FOR THE ENTIRE MODE
A PARTICLE DISTRIBUTION AY WAVELENGTH IRT (CM2/GM)
CMUEMBC(IRT) © MEAN HASS EXTINCTION COEFFICIENT FOR THE ENTIRE MODE
B PARTICLE DISTRIBUTION AT WAVELENGTH IRT (CH2/GM)
CMUEMC(IRT) = MEAN MASS EXTINCTION COEFFICIENT FOR THE ENTIRE
CARBOM PARTICLE DISTRIBUTION AT WAVELENGTH IRT
(CM2/GH)
CHUSMA(IRT) = MEAN MASS SCATTERING COEFFICIENT FOR THE ENTIRE MUDE
A PARTICLE DISTRIBUTIGN AT WAVELENGTH IRT (CHM2/GM)
CHUSHMBLIRT) 3 MEAN MASS SCATTERING COEFFICIENT FOR THE ENTIRE MODE
B PARTICLE DISTRIBUTION AT WAVELENGTH IRT (CM2/GM)
CHUSHC(IRT) = MEAN MASS SCATTERING COEFFICIENT FOR THE ENTIRE
CARBON PARTICLE DISTRIBUTION AT WAVELENGTH IRT
(CM2/7GH)
CMURMA(IRT) = MEAN MASS BACKSCATTER QEFFJCIENT FOR THE ENTIRE
A PARTICLE OISTRIBUTION AT wAVELENGTH IRT (CH2/6GNM)
CHUBMA(IRT) 3 MEAN MASS BACKSCATIER CUEFFICIENT FOR YHE ENTIRE
B PARTICLE DISTRIBUTINN AT WAVELENGTH IRT (CM2/GM)
CHUBMC(IRT) = MEAN MASS BACKSCATTER COFEFFICIENT FUR THE ENTIRE
CARBON PARYICLE DISTRIBUTION AT WAVELENGTH IRY
(CH2/GH)

CHUBB(T,J)

NOTE THAT THE MASS ARSOURPTIOUN CUEFFICIENTS AND ALL AVERAGE CRDSS
SECTIONS ARE NONT CARRIED EXPLICITLY BUT ARE CALCULATED wHEN NEEDEOD
BY CHMUAA(I,J) = CMUEA(I,J) « CHUSA(I,d)

SIGAA(LI.J) = CHUAA(I,J) ;s PNGA(Y}
WITH SIMILAR RELATIUNS FOR THE B AND C MATERIALS AND THE QTHER
AVERAGE CROSS SECTIONS

CuMHaN 7 CCGRP / HGRP, HSIZE, MSPHER, OLUW, DHIGH, DM, 8, DHIN,
DMAX, P, XR, XI, RHU, PNG, FN, FH, SIGA, SIGS,
SIGE, SIGA, sPN(21), CMUA, CMUS, CMug, CHUB, =i

CO#MON /7 CINPT2 / FREG(10), X AMDAC10), XT(10), YT(10), Z1(10)},
RX{10), YR(10), ZR(10)

iy
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XMAR(10), XNAI(103, XNBR(10), XNBI(10), XNCR(10)
: XNCIC10), AmA, SA, AHMINA, AMAXA, PA, AMB, 98B,

COMMON CINPTS

AMINB, AMAXp, PB, AMC, SC, AMINC, AMAXC, PC

COMMON / CINPTG / RHOG, RHOD, RHOC, FHZ , XLC, RM&B, RBASE

COMMON / CINPT& 7 N¥, NDG, NRyY, MTIME, NPROB, IPRINT

COMMON / CINPTT / DGROUP(SO), TIMEC2S)

CURMON / €PGRP /7 FNA(S0), FNB(50), FNC{S0), FNA(50), FHB(S0),
FHC(50), PNGA(S0), PNGB(SD), PNGC(SO),
CrU3#(50,10), CMUSB(S0,10), CHUSC(S0,10),
CHUZA(S0,10), CHUEB(59.10), CHMUEC(S50,10),
CHUBA(S0,10), CHUBB(5G,10), CHMUBC(S50,16)

COMMny DtA%Ee STAPE

~IREw 10}

3
TIYENS

08), TMUEMB(419), CMUE¥C(10), CMUSHA(10),

11
.8
(123, CNUSHT(19), TVU32A(19), CHUBMB(10),
(30}, FRO(S0), PYAS3FLSO}
SET FR IZATION PAR;®EYzR
OAT2 < :

JERD QUT TrE FREQUENTY CALCULATION CONTROL INDEX

ZERD 31 7 THE MEAN MASYS COEFFICIEZINT3 FOR THE THREE MATERIALS
00 5 IRY ® i, NRT

I3KIP(IRT) = ¢

CHMUFMA{IRT)
cuuauﬁ§1¢:;
CHUEHCIICY)
CHUSHMALIRT:
CTHUSHA(IATS
CHUSHITIRT)
CHUBMA(IRT)
CHUBMACIRTY
CHUBME [ IRT)
CONTINUE

L I LI I T TR 1

"o
<
-

ZERQ QUT NUMBER AND MASS FRACTION PARAMETERS
DO 6 IDG = 1, “DG

FNACIDG) = 2,

FrRO106} = ¢,

FHC(IDG) = o,

FYA(I0G = 4.

FHB{IDG) = o,

FHC(IDR) = o,

CONT INGE

LOOP GVEDR THE MATERIALS
DG 175 I=ar = 1, 3

S€T CoNTAQL YARTARLES AND THpuT PARAHETERS
GO TGL 8, 2, 20 ), . ‘AT

I#4T = | THE HAVERTAL 19 MODE i DUST PARTICLES
H(N 2 0

#PL % 0

IF{ AMA = SA ,GI, 0, J MLN = .1

IF( aM¥NA * A%AXA % PA GT, 0, ) MPL = «2
MSTZE = HLN & HPL

MSPHER = I




vaw

Y

an

[

233
234
23%
236
237
238
239
240
241
24z
243
248
245
246
247
248
219
250
254
252
253
254a
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271

272
273
274
27s
276
217
278
279
280
281

282
283
284
285
286
287
288
289
290

[u Xl

[z R ulzl [ X

10

20

30

31

32
33

3a

RHD & RHOD

O = {,E=d & AMA

S = 8A

DMIN = 1,E=Q & AHINA
DHAX x 1,E=G # AMAXA
Pz PaA

GO0 T0 30

IMAT & 2 THE MATERIAL IS MODE B DUSY PARTICLES
MLh g 9

HPL = 0

IF( AHB » 3B ,GT. 0. ) HLN = i

1F{ AMINB * AMAXB « PB ,GT, 0, ) HPL s =2
HSIZE = MLN o MPL

MGPHER = 1

RHO = RHOD

OH = §,Eed « AMB

S = 88

DHIN = 1 ,E~a » AMINB

OHAX = 1,E~4 » AMAXB

P = P8

60 7o 30

IMAT 2 3 THE HATERIAL I3 CARBpN PARTICLES
HN 30

MPL =2 0

IF{ AMC » 3C ,GT, 0., ) NLN = ot

IFC AMINC #» AMAXC = PC .07, 0, ) MPL & &2
HSIZE = MLN + NPL

MSPHER = |

|40 = RHOC

DH = {| E=l a AMC

S 3z 8¢C

OMIN 2 1,E=8 & AMINC

DMAX = 1,E=Q & AMAXC

P = pC

FUR THIS MATERIAL LOOP QVER WAVELENGTHS
DO 170 IRT = {, NRT

CHECK IF THIS FREQUENCY IS THp SAME AS A PREVIOUSLY CALCULATED
FREQ: NCY

IF( {RT ,EQG. | ) GO 10_38

IF( ISKIP(IRT) 6T, 0 ) GO TO 33

IRT! = I°7 = §

on 31 IRIC 2 1, IRTY

IRTP = IRIC .

IF{ XLAMDACIRT} .EQ, XLAMDA(IRTC) 3 GO 7O 32

CONTINUE

60 16 38

FREQUENCY HAS BEEN CALCULATED PREVIODUSLY, USE PREVIOUS RESULTS
ISKIP(IRT) 3 IRTP

IRTP 2 ISKIP(IRT)

DO 37 106 = I, NDG

GO T0( 38, 35, 36 ), IMAT

CRUEACTDG, IRT) = CHMUEA(IDG,RTP)

CMUSATIDG, IRTY = CHUSA{IDG, IRTP)

87
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CHUAA(TOG, IRT) = CHURA(CIDG,IRYP)
CHMUEMA(IRTY = CHMUEHA(IRIP)
CHMUSHA(IRT) = CHUSHA{IRTIP)
CHURMA(IRT) = CHUBMA(IRT®)
Gl 10 17

35S CHUER(ING,IRT)

4 i Sl e BN 38 3 bt 1w ¢

CHUEB(IDG, IRTP)

207 CRYSA(IDG, IRTY = CHUSB(ING,IRYP) i
298 CHUE " (106G, IRT) = CMU3BI(IDG,IR(P) 3
256 CHUEMB(IRT) = CMUEMH{IRTP)
300 CHUSMA(FAT) = CMUSHB(IRTE)
301 L fUBMB(ini) = CHUBMH{IRTP) H
302 66 10y 37 N
303 36 CMUECTIVG,IATY = CHUECCIDG,IRTP) :
3u¢ CHUSC (106, IRT) = CMUSCIING, IRtP) :
306 TMURC(IDG, IRT) = CHMURC{IDG,IRYP) :
506 CHMEMC(IRT) = CHUEMC(IRTP)
307 CUUSHMOLIATY = CMUSHC{IRTR) :
308 Cuugsg (1RT) = CHUBMC(IRTP) :
369 37 CONTINGF H
310 87 10 170 N
11 o :
312 £ FRIQUENLY “AS NOT BEEN & CULATED PREVIGUSLY, DO CALCULATIONS
513 < H
3i4 C “€1 #a ELENGTH FOR CLORP COMMAN :
s 3% wp oz §,E-0 x XLAMDA{IRT) N
3i¢ ¢
317 ¢ SET 8177 GPUUP CALCULATION INpICATOR
38 [ INITIALIZY TPE MAXTauU“M GROUP gXTINCTION CONTRIBUTION :
319 HiF tE N | :
320 FaAX = O, g
324 <

322 [ SET INDICIES OF RZFRaCTION N
323 GO 10 40, S8, &9 ), IMAY M
324 40 R = XNAR(IAT) :
325 Y1 = AMAI(T T) :
326 60 10 70 :
327 50 XR = XNBR{]RT) :
328 ¥ = MR (1773

329 56 10 76 :
330 £3 %R = XNCR(IRT) p
33 X1 = XNCI(I2TY

3¢ 7o L9 INUE :
3313 [ <
334 < LynP (gvi? SITE GRUUPS. START yw1TA THE SMALLEST SIZE GROUP, STOP

135 ¢ TEOUR CaLCULATIONS =nEH EXTINCTION CONTRIQUTION FROM LAST GROJUP 1S <
31s C LESS THAN 1 ,E=b OF =aXIMBK L2qUiP EXTINCTION CONTRIBUTION i
337 D6 160 iDL - 1, NDG R
138 c ,
130 c CHECK IF EXTINCTION COMNTRIBOTIONS FROM THE SIZE GROUPS HAVE

340 C BECOME NEGLIGISLF

3ay IF( ICALC (ER, n ) GO TO 3§54
3ae [ .
343 C SET GRNUP NUMZER FOR LCERP COMPUN E
344 4530 x i0G :
8% <
lap ¢ SET THE SI?E LIMITS FOR THIg «12C GROUP :
3a7 IF( 16G EG, 3 )} 6O TO 8%

348 BLOn = 1,E~8 « DRRGUDIING - 1}

88




OHIGH x 1,E«Q & DGROUP(10G)
G0 10 99

B0 DLOW = O .
DHIGH 3 1 ,E«8 « DGROUP(1)

9¢ 1F{ DHIGH ,LE, 0, ) GO 1O 160

CALCULATE THE PROPAGATIQON PARAMETERS FOR THIS SIZE GROUP,
WAVELENGTH, AND WATERIAL
CALL CGROUP

SET THE PROPAGATION PARAMETERS
158 60 To( 156, 157, 1S8 3}, INAT

156 IF( FNA(IDG) ,LE, 0, ) FNA(1Dg) = FN
IF( FHACIOG) ,LE, 0, ) FHA(IDG) = FH
PNGA{IDG) = PNG
CHUSA(I0G,IRT) = CHYS
CMUEACIDG,IRT) 3 CMUE
CMUBA(IDG,IRT) = CHMUB
CHUEMA(INT) = CHUERACIRT) ¢ FNA(TI0G) » CMUEA(IDG,IRT:
CHUSFACIRT) 2" CMUSHMACIRTY + FMA(IDG) » CHUSACIDG,IRT)
CHUBMACIRT) x CHUBMA{IRTY + FMA(IDG) * CMUBACIDG,IRT)
60 T0 159

157 IF( FNB(IDG) LLE, 0, ) FNB(IDG) = FN
IF( FHR(IDG) .LE, 0, ) FHB(IDG) = FH
PNGRL(ING) = PNG
THUSB(IDG,IRT) = CHUS
CHUEB(IDG,*RT) = CMUE
CHMUBR(IDG, [RT) = CHMUR
CHUEMB(IRT) ® CHUEMECIRT) ¢ FMB(IDG) » CMUEB(IOG,IRT)
CHUSHR(IRT) = CMUSMBCIRT) + FWB(IDG) » CHUSB(IDG,IRT)
CHUBMB(IRT) = CHUBHBCIRTY) ¢ FuB(IDG) » CHUBBCIDG,IRT)
50 T0 159

158 IF{ FNC(IDG) ,LE. O, ) FNC(IDG) 8 FN
IFC FMC(IDG) ,LE. 0. 3 FMCUIDG) = FM
PNGC(ING) = PNG
CHUSC(IDG,TRY) = CMUS
CMUEC(IDG, IRT) » CMUE
CHUBC(IDG, IRY) = CHUB
CHUEMC(IRT) 2 CMUEMC(IRT) ¢ FMC(IDGC) » CHUEC(IDG,IRT)
CMUSHC(IRT) = CMUSMC(IRT) ¢ FuC(IDG) * CMUSCCIDG,IRT)
CHUBMC(IRT) & CMURMCCIRTY + FuC(IDG) = CHUBC(IDG,IRT)

SET #AXIMUM vaALUE OF EXTINCYINN CONTRIBUTION
159 EMAX a2 AMAX{( EMAX, FH = CHUE )
1F( EMaX LLE, 0, )} GN TO 160

CHECX I EXTINCTION CONTRIBUTION IS NEGLIGIBLE
IF{ FH » CHUE 6T, 1.E~6 % EMaAX Y GO 1D 160

EXTINCTION CONTRIBUTIOH HAS BeCOME MNEGLIGIBLE, SET CONTROL
PARAMETER T0O SKIP RESYT OF CROSS SECTION CALCULATIONS

ICALC =2 O

FH = O,

F = O,

PG = 0O,

o

MR e

IR 1T LY
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au?
498
309
4aig
aty

a5
ats
457
ais
aye
a2¢
LF31
422
423
azq
- F-A
a2y
427
&28
429
£33
a3
432
433
433
e3is
L3s
axy
q3s
319
349
aay
eaz
ga3
LY
445
aas
&7
qar
11
as5s
LEH
as2
453
a53
gs=
356
a5y
-S8
£139
460
LT3
32
453%
258

[ XaKa] () [aXuNsXalel [ T ] o

(b Ryl

(]

cHUS z 0,
CHUE = 0,
CHuUB = 0,
160 CONTINUE
170 CGNTINUE

175 CONTINUE

"RITE QUT THE SIZE DI3TRIBUTIQN PROPAGATION PARAMETENS FOR THIS

PROBLEw
180 OO0 :co IMAT = 1, 3

00 2%¢ IRT = §, NRY

CHECK iF THIS FREJUENCY I3 THZ SAHE AS A PREVIOUS FREUUENCY
If S0 8X°P REPRINTING THE PROPLGATION PARANETERS

IF' {SKIP(IRT) ,B67, 0 ) GO TO 290

SET PRINT LINE COUNTER
ILINES = 13

HATTE{JTAPE, 190) NPROSB
195 FORHAT(1IHI, 74K
117108 DUST Cinun MODLL 7 /
SEMC, T5H
3 FSR PROBLEM NUHBER , 13 /
GiH ,84H i
SNLY, MO FuaCTINNIZATION ) )

5CG Tp( 200, 210, 220 ), IMAT

200 WRITE(JTAPE, 202)
202 FORKAT(IHO,TO0H
IFARTICLES = MODE A )
GU TO 230
210 RRITE(JITAPE, 212)
217 FORMAT(INO,T0M
iPIRTICLES « MUGE 8 )
G0 1D 230
220 RRITE(JTAPE, 22%)
225 FORMATIIHO,bbH
IRBON PARTICLES )

230 mRITE(JTAPE, 235) XLAMDA(IRT), FREQ(IRT)

235 FORMAT({=0, asM

P F7,1, 21H 4ICRNNS (FREQUENCY -
Z11QHSIZE MaXINUK NUMBER nf

ASL MUN
PROPAGATION CONSTANTS
( SIZE DISTRIBUTION O

pusy

Ca

WAVELENGTIH s ,

1PE9.2, SH GHZ) 7 1HO,
NUHRER FRACTION  MASS FRACT]

3on GROUP 4488 COERFICIENTS ( FIRSY LINE, CH2/GH ) / tH ,

Q120HGROUP DIAMETER PARTICLES PER

(NUMBER IN GROUP (MASS IN GR

SgupP AVERAGE CROSS SECTIONS ¢ SECUND LINE, CM2/PARTICLE ) / 1N ,

6121 {#ICRONS)  GRAM [N GROUP
783 EXTINCTION ABSORPTINH

50 280 106G = 1, NOG

ZIOTAL NUMBER) /TOTAL MAS

BACKSCATTER )




L, s 0 3 o i

465
[7.1.)
as7
a6s
269
ar0
474
are
473
474
ars
476
ary
378
are
489
LYY
4g2
as3
a4
485
1.1
a8y
486
489
499
494
a9z
a9y
a9g
a9s
a9y
a97
a9a
a9%9
8490
501

s02
503
Soa
508
506
507
508
509
St0
511

512
S13
Sia
Sis
St6
%17
518
519
520
S21

522

G0 TO( 240, 260, 270 ), IMAT
240 IF( CMUEACIDG,IRY) L,EQ, 0, ) 6N YO 280

CHUAA = CHUEA(ING,IRT) = CHUSA(IDG,IRT)

SI1GEA » CMUEA(TIDG,IRT) 7/ PNGA(10G)

SIGAA = CMUAA 7 PNGA(IDG)

SI1GSA = CHUSACIDG,IRT) /7 PNGA(IDG)

SISBA = CMUBA(IDG,IRT) 7/ PNGA(10G)

WRITEC(JTAPE, 250) 1DGs OGROUP(IDG), PNGACIDG)» FNACIDG), FMALIDG),

1 CHUEACIOG,IRT) s CHUAA, CHuSL(IDG,IRT),

2 CHUBA(1IDG,IRT), SIGEA, S1GAA, SIGSA, SIGBA
250 FORMAT(IHO, 13, Fii.1, JPEIS,.5, 2E17.3, E1%5.3, 3E14,3 /

114 ,63X, 1PEIS,3, 3E14,7 )

SN Ta 277

260 IF( CIlUEB(IDG,IRT) .EO. O, ) GO 70 280

CHUAB = CMUEB(IDG,IRT) < CMUSR(IDG,IRT)

SIGER = CHMUEB(IDG,IRT) /7 PNGB(10G)

SIGAR = CMUAB / PNGB(106)

81658 = CMUSB(I0G,IRT) / PNGB(IDG)

31688 = CHUBB(IDG,IRT) 7/ PNGB(1DC)

WRITE(JTAPE, 2653 10G, OGROUP(10G), PNGBLIDG), FNB(1DG), FMB(IDG),

1 CHMUEB(1DG,IeT), CHMUAB, CMUSB(IDG,IRT),

2 CHYBBLIDG,IAT), SIGER, SIGAB, 81GSB, SIGEB
265 FORMAT(IHO, I3, Fil,1, IPELS,3, 2E17,3, E15,3, 3E14,3 /

1in ,63X, 1PEIS,3, 3E14,3 )

GO 10 277

270 IF( CMUEC(IDG,IRT; .EC¢, 0. ) GO 10O 280
CHUAC 3 CHUECC(IDG,IRT) « CHMUSC(ITE,IRY)
SIGEC = CMUYEC(IDG,IRT} /7 PNGC(¢IDG)
S8I1GAC = CMUAC / ¢PNGCL{IDG)
SIGSC = CMUSC(IDG,IRT) 7 PNGC(IDG)
S168C x CHUBC(IDGsIRT) /7 PNGC(1DG)
WRITE(JTAPE, 275) 1D, OGROUP(IDG), PNGCCIDG), ENC(IDG), FMC(iDSG),
1 CMUECCIDG,IRT), CMUAC, CHMUSCLI1DG,11T),
2 CHUBC (106G, IRT), SIGEC, SIGAC, 3IGSC, SIGBC
275 FURMAT(LHO, 13, Fit,1, tPE1S.3, 2E$7.3, E:5.3, 3E1&,3 /
1iH ,63%, IPE1S,3, 3E14,3 )

277 ILIMES = ILINES ¢ 3
IFC ILINES LT, SO ) GD T0 289

ILINES = 7
MRITE(JTAPE, 278 ) NPROS
278 FORMAT(IHT, 734 PROPAGATION CONSTANT
{3 FOR PROBLE® NUMBFR , 13, 124 (CONTINYED) /7 7/ iHO,
2118HSIZE  HAXTIKUM NUMBER (F NUMBER FRACTION  HASS FRACT!

30N GROUM MaTe COEFFICIENTS ( FIRST LINE, CM2/GH ) /7 1H .
QI120HGROUP DIANETER PARTICLES FER (NUMBER IN GROUP (MAS3 °7 &R
soupP AVIRAGF CRNSS SECTIONS ( SECOND LINE, CM2/PARTICLE ) 7 1H ,
6121H (HICRONL)  GRAM IN GROUP J7TOTAL NUMBER) Z70TAL HAS
75 EXTINCTION ABSORPTIgN SCATIERING BACKSCATTER 3

280 CONTINUE
Go 1n( 281, 283, 285 ), IHATY

281 CHUAMA 2 CMUEMA(IRT) ~ CMUSMA(IRT)
XRTTE(ITAPE, ERZ) CHUEMA(IRT), CHUAMA, CHUSMA(IRT), CHUBMA(IRT)
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282
283
284
285
2856
20n

e

299

350

azre

FORMAT( 1H0, 9H  EKTIRE, 55X, 1PUEIA,3/ 1H , 312HDISTRIBUTION )
6o In =90

CHUANE = CHUEMB(IRT) = CMUSHR(IRT)

NRITF(JTAPE, 28a4) CHUEHB(IRT), CHyAMB, CMUSHB(IRT), CMUBHB(IRT)
FORMAT( 1HO, 9H  ENTIRE, 55X, 1P4E{4,3/ 1H , 1ZHDISTRIBUTION )
6o Y0 290

C. saMC = CHUEMC(IRY) = CHUSHC(IRT}

R"R{TE{JTAPE, 286) CMUEHC(IRT}, CHUANC, CMUSMC(IRT), CMUBML(IRT)
FQRMLT( 1HO, 9K  ENTIRE, 55X, 1P4E14,.3/ 14 , 12HDISTRIBUTION )

ToNTIME
covTInye
1

IONS AND CRPOSS SECTIONS 1IN
ACCOUKT FO® THE EFFECTS OF

LOOP L/ER THE MATERIALS
271 610 IMAT = 1, 3

T4E S12° DISTAISUTION HASg FRACTIQONS FOR THIS MATERIAL
O 6880, @20, &40 3, IBAT

24T - MODE 4

00 wi¢ ID6G = }, NODG
FH{ING) = Fra(ID6)
CONTINUE

8. T Gbe

DY3T « MODE 8

00 43¢ 06 = 1, NBG
F¥3(I06) = FHACIDG)
CONTISUE

&1 1IN ase

Cansns

po o259 INDG z 3, NOG
Fen{l 2) = FRLIING)
CunT Inug

CaLCur ATE THE PARTIAL MASS FRaCTIGMS ( MASS OF MATERIAL IN THE JOG
SiZE SAR0UP DIVIDED RY THE SuX OF MASSES IN ALL GROUPS LARGER THAN
THE jo6 SIZE GRQU? )
PuASSC(NOG) = O,
Suuzss < 9,
. 4714 LO6 = 2, N3G
Ir6 = NOG ¢+ ) - LDG
UNASS = SUMASS » FMDLING + 1)
PuaSSFIING) = 9,
IFC "MA8S LGT, 0, ) PMASSF{InR) = F»S({1” ) /7 SUMASS
CONTINGE

Cas CULRTE THE NEw “ASS FRALTIpY FoR EACH SIZE GROUP
Sumpur o

0.
99 520 I0G = §, MNDG
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581
582
583
. 584
585
586
Sa7
548

590
591

593
594
595
596

598
599
690
601
602
603
604
605
606
607
608
609
610
611
612
613
618
615
616
b17
618
619
$20
621
622
623
624
625

627
628
622
630
631
632
633
634
635
636
637
638

[« Na o Nyl

[a R [a Nl

o e

3715
480

a90

S00
St10
520

S3o

Sao

550

560

565

568
S70

FRITL = t,

IFt 106 ,EQ, NDG ) GO 10 475

1F( FHO(I0G + §) ,GY, 0, ) FRZTYI = 1, = FRIT
GO 10 ¢ 480, a90, _SOD Js IMAT
FMALIDG) = FHA(IDG) » { FRITI!
61 10 510

FHB(IDGR) 3 FMB(IDG) s ( FRITH
60 10 S10

FMC{IGR) = FHC(IDG) » ( FRITI
SUMPHE = SUMPMF ¢ PHASSF(106)
CANTINUE

+ FRIT & SUMPHF )
+ FRZIT » SUNPMF )

+ FHIT & SUMPHMF )

CALCULATE THE CROSS SECTIUNS FOR EACH SIZE GROUP FOR EACH
FREQUENCY

LOOP UVER THE FREQUENCIES

80 605 IRT = 1, NRT

CHECX IF THKIS FREQUENCY IS THp SAME AS A PREVIOUS FREQUENCY
IF{ ISXIP(IRT) ,LE, 0 ) GU TC Sb65

FREQUENCY I3 THE SAME, USE PRpVIQUS RESULTS
IRTP = ISKIP(IRT)

00 5S40 106 = §, NDG .

GO TO ( S30. 540, S50 ), IMAT

CHUEA(10G,TRT) = CMUEACIDG:IRTP)

IMUSA(T0G, IRT) = CHUSA(IDG.,IRTP)

CHUBA(IDG, IRT) = CHURA({IOG,IRYP)

60 10 560 . £
CRUER(IDG, JRT) = CHUEB(IDG.IRTP) S
CrUSRIIDG,IRTY = CHMUSB(IDG,IRTP) E
CHURR(IDG,IRT) = CMURR(IDG,IRTP) £
60 T0 Se0 ) 3
CHUEC(IDG, IRT) = CHUEC(IDG, IRTP) E
CHUST(I0G, IRT) = CHUSCCICS,IRTP, :
CHUBC(IDG,IRT} = CHUBC(IDGS,IRTP) -
CUNTINUE

GO TO 675 E
FREQUENTY WNOT THE SAME, DD CALCULATIONS ;3
Sy%g = ¢, 3
SU“s = 0, 23
Suxg = 0, <

Do 606 1DG = 2, NOG 2
LDE = 106 » 1§

FRITY = 1,
IF{ 106 .EQ, NDG ) GO TO S68 3
IF{ FHDCIVG + 1) 6T, 0, ) FRPT1 = 1, =« FRZT
S0 10 ( S70, SBO, 590 ), iMav

SUKE SUME « PHASSF(LDG) e CuUEA(LDG,IRT)
SuMs SUMS ¢+ PHMASSF{LOG) « CHUSA(LDG,IRT)
5UMB . SUMA ¢ PHASSFILDG)Y ¢ CuUBACLOG,IRT)
IFC F=a(]l06) ,LE. 3. ) &0 Ty 400 E
CHUEACTDGLIRT) = FMDCIDRY = { FRITY o CHUEA(IDG,INT} E

FRIT & SUME } 7 FHA(IDG) £

"

1
CHUSA (106, IRT)

FMDEING) o { FR2ZTI o CMUSACIDG, IRT)
FRIT « SyMS § /7 FRACIDG)
FADCIDG) o ( FRIT1 e CMUBA{IDG,IRT)
FRZT = SUKBR } 7 FRA(IDG)

1
CHRUBA{IDG, IRT)
H

¢ tell &
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S80 BuME = 3UME + PMASSF(LDG) » CUEB(LOG,IRT)
SUME & SUHS ¢ PHASSF{LDG} = {uuSB(LOG,IRT)
SUMB = SUB + PHASSF(LDG) » CMUBB(LDG,IRT)

I1FL FHR{IDS) LLE, 0, ) GU T0 £00
Ct ER{IDE, IRTY o FMDLIDSY o { FRITY & CHUEB{IDG,IRT)

H + FRIT # SUKE } 7 F¥B(IDG)
Cwia88{ 105, IRTY = FrD{IDGY » ( FRITL » CrUSBIIDG,IRY)
4 + FRIT = SUNS ) 7/ FHB{ING)
CHUBBI{ITS,IRT) = FMDCIDGY + { FRITY « CHUBB{IDG.IRT)
« FPIT = Sg¥g } / FMB(IDG)

s PHASSF(LOGF * CuMUEC(LDG,IRT)
¢ PHASSFILDGY = CpUSC(LDG,IRT}
+ PHASSF{LDG> » CumyBC(LDG,IRT}
} JLE., 8, ) GO Til 0%
RT) © FROCIDG) & { FRITY # crUECL{IDG.IRT)
4 FRIT » Sust § 7 FMCL{IDG)
Tt FMBLIDRY * ( FRITI » CHUSCL{IDG,IRY)
H + FRZIT = SuMS Y 7 FHC(IDG)
£ e FHDLIIGT = {_;?Z:: * CHURC{IDG,IAT)
- /

T

H FRIT » 5ung 3 FRLIIDG)

<
£
¢
<
‘< R0PAGATION PARAMETERS INCLUDING THE EFFECTS OF
[

00 Eng (EAT =}, 3
<

B 795 1 T = 3, NSY
[ ¥ I3 THp SAME AS 2 PREYICUS FREQUENCY
{ THE PROpAGATION PARAMETERS

9 )} 6o 10 7990

<
[

£5%L HUK
i 7
PaOPAGATION COKSTEANTS

LEx NUMBER , 3 s

¢ FRACTION3ZaTION EFF

S Ta { 823, 680, 66D 3, IEAT

st At

b Uttt

A o, Ul

el Bttt bt L b




720
721
122
723
) 724
725
726
127
728
< 729
M 130
‘ 731
732
733
734
738
736
137
738
739
Ta0
7414
782
743
748
745
746

Foa e o

Tu8

750

754

752

156

650 FORMAT(IHO,70H
1PARTICLES « MHODE B )
GO T( 680

660 WRITE(JTAPE, 670)

670 FORMAT(1HO,66H CA
1RBON PARTICLES )

680 WRITE(JTAPE, 690) XLAMDACIRT), FREOCIRT)

690 FORMAT{1HO, ab6H ) WRAVELENGTH = ,
1t F7.1, 21H MICRONS (FREQUENCY = , 1PEY9,2, SH GHZ) / 1M0,
2 THHSIZE MAXIMUM  HASS FRACTION GROUF MASS COEFFICIE
INTS ( CH2/GM ) 7 iH ,
4 BLHGROUP DIAMETER (MASS IN GROUP EXTINCTION
SCATTERING BACKSCATTER /
6 30H (MICRONS) /TOTAL MASS) 7 1H )

ABSORPTION 8

00 780 1DG = 1, NDG

GO T0 ¢ 700, 720, 740 ), IMAT
700 IFC CMUEACIDG,IRT) EG, 0, ) 60 TO 7580
CHMUAA = CHUEA(]DG,»IRT) = CMUSA(IDG,IRT)
WRITE(JTAPE, T710) IDGe NGROUP(IDG), FHA(IDG), CMUEA(IDG,IRT),
1 CMUAA, CMUSACIDG,IRT), CHUBACIOG,IRT)
740 FORMAT(IH , 13, FI11,1, 1PEL3,3, 2X, BE14,3 )
60 TO 760

720 IF( CHUEB(TDG,IRT) .EQ, 0, ) 6N TO 780
CHUAR = CMUER(IDG,IRT) « CHUSA(I0G,IRT)
NRITE(JTAPE, 730) I0DG, DGROUP(I0G), FMEIIDG), CMUEB(10G,IRT),
i CHUAB, CMUSR(10G,IRT), CHUBB(IDG,IRT)
730 FORMAT(!H » 13, F31,1, 1PE13,3, 2X, 4E10,3 )
GO TN 760

740 IF( CMUECCIDG,IRT) EQ. 0, ) 60O TO 780,
CMUAC = CMUEC(IDG,IRT) = CHMUSc(IDG,IRT)
NRITE(JTAPE, 750) IDGs DGROUP(IDG)s FMC{1DG), CHUEC(ING,IRT),
1 CHUAC, CHUSC(IDG,IRT), CMUBC(IDG,IRT)

750 FORMAT(iH , I3, Fil.1, 1PEL3,3, 2X, QE14.3 )

T60 TLINES = ILINES ¢ |
IF( TLINES LT, 50 ) GO TQ 78y
ILINES 3 7
WRITE(JTAPE, 770 ) NPROB
170 FORMAT(1HL,73H PROPAGATION CONSTANT
18 FOR PROBLEM NUMBER » 13, 12H (CONTINUED} / 7/ 1HO,
2 T6HSIZE MAXTMUM HASS FRACTION GROUP MASS COEFFICIE
INTS ( CM2/GH ) 7 1H ,
4 B6HGROUP DIAMETER (MA3S IN GROUP EXTINCTION
SCATTERING BACKSCATTER /
6 30H (MICRONS) /TOTAL MASS) / 1HO )

ABSORPTION 8

780 CONTINGE
790 CONTINUE

800 CONTINUE

(o B = T « T 2 ]

RETURN

END




B g e

QO NN D LN

VDA MNP OO O LR N e N e e R N N e R N e N e N e N e R T Xa R e R Na N e

TSSO MO0 O™

SUERNUTINE CGROUP

THIS SUAPUUTINE CALCULATES THE SCATTERING ARND

EXTINCTION PARAHETERS FUR A GIVEN SIZE GROUP, THE RANGE OF
PARTICLE STZES IN THE SIZE GRNUP CAN BE ONLY A SMALL SUBSET OF THE
WROLE PARTICLZ DISTRIBUTION RANGE OR CAN INCLUDE THE wHOLE
DISTRIRUTION, THREE TYPES OF pARTICLE SIZE PRORABILITY
DISTRIBUTIONS ARE ALLOKWED - LG NORMAL, POWER LAN, OR HYBRID( A
LOG NORMAL JOINED TO A POWER AW )

NPT VARIABLES FROM CCGRS ComMQONM
AGRo = NUAER OF THE GIVEN gIZE GROUP
MS8JZE = 1 TuE PARVICLE S$IZE DISYRIBUTION IS LOG NORMAL
COMPUTE PARAMETERS INCLUDING SCATTERING PATTERN
= =1 "HME PARTICLE SIZE DISTRIBUTION I5 LOG NORMAL
COMPUTE PARAMETERS ( NO SCATTERING PATTERN )
x & THE PARYICLE SI2E DISYRIBUTION I3 POMER LAW
COMPUTE PARAHMETERS I:7LUDING SCATTERING PATTERN
= =2 THE PARTICLE $IZE OISTRIBUTION IS PONER LAW
COMPUTE PARAMETERS { NO SCATYERING PATTERN )
3 3 THE PARVICLE 3IZE DISTAIBUTION IS HYBRID
COMPUTE PARAKETERS INCLUNING SCAZTERING P’/ TTERN
=3 THE PARTICLE SIZE DISTRI.UTION IS HYBRID
COMPUTE PARAMETERG ( NO SCATTERING PATTERN )
MSPHER & I THE PARTICLES ARE SPHERICAL, USE STANDARD MIE THEQRY
= 2 THE PARTICLES & : NO* 3JPHERICLL, USE HUDIFIED MIE
THEQRY
DLew = LOWER LIMIT OF PARTICLE DIAMETER RANGE ( CH )
DHIGK = UFPER LIKMIT GF PAR™ICLE DIAMETER RANGE €4 )

N

ok = MEAN DIAMEVER PARALETER FOR LOG NOSMAL 3ND HYBRID
DISTRIAUTIONS ¢ c% )
8 STANDAPD DEVIATION PLRAMETER FOR LOS NDRHAL AND HYBRID

CI3TRIBUTIGNS

OMIN = HINIMUM PARTICLE DIAMETER FOR POWER LAN AND POINT AT
WHICH LOG NORHAL AND POMER LAW JOIN N HYRRID
DISTRIRUTIUN ( CH )

OM~X = MAXpuuM PARTICLE CIAMETER FGR POMER Lam /ND HYBRID
SISTRIBUTIONS ( Cx )

e 3 POWER LAW EXPORENT Fp2 THL POWER LAW AND HYBRID
PROBABILITY DISTRIBUYTIONS
w, 3 WAVELENGTH GF THE INCIDENT RADIATION ( CH )
X 5 REAL PRRT OF THE <7 wPLEX INOFX OF REFRACTION OF THE
SARTICLES
X1 ® ISAGINARY PART OF TuE COMPLEX IMDEX OF REFAACTION OF THE

PARTICLES ( TuE INDEX 18 H x XR = Iaf] SO THA{ BOTH ¥R
AKD Y1 ARE POSITIVE )
RHED = DENSITY OF THE PARTICLES ( GM/CH3I )

CALCILATED caRAMETFRS, ULYPUTE TO CCGRP COMMON
PG = NU-BER OF PARTIZLES PER GRAM ( OF HATERIAL IN THE SIIE

GROUP )
Fs & NUMBER FRACTION OF PARTICL7S IN 8127 GROUP ( RATIO GF
NUuER (F PARTICLES N STZE GROUP TO TOTAL WUMBER OF
PRITICLES IN DYSTIRIGUTION )
MaS5 FRACYINN ( RarTlq OF MASS OF PARTICLES IN S1ZE
GROUP YO TUTAL Ma33 +n pISTRIBUTION 3
31Ga = AVEAAGE AHSCRPIION ¢ROSS SECTION PER PARTICLE

IN THE GRUUP { Cx2 3

Fu

96




3 59 (" $1GS s AVERAGE SCATYERING cROSS SECTION PER PARTICLE

60 c IN 14E GRUUP ( CM2 )

61 [ 81GE = AVERSGE EXTINCTION (ROSS SECTION PER PARTICLE

62 - ¢ IN THE GROUP ( CM2 )

63 c 8168 ® AVERAGE EACKSCATTER CROSS SECTION PER PARTICLE

(1] [ IN THE GROUP ( CM2 )

65 c $ON = NORMALIZED SCATTERING PATTERN FOR THE PARTICLES IN THE

66 c GIVEN SIZE RANGE DLOW TO DHIGH, SPN(J) = SCATTERING

67 c FUNCTION AT THE SCATTERING ANGLE WHODSE COSINE IS

68 c 0.1#(Je11), SPN 1S NORMALIZED S0 THAT THE INTEGRAL OF

69 c 3PN OVER 4 PI STERADTANS EQUALS & PI ( 1E, AN ISOTROPIC

70 c SCATTERING PATTERN HAS SPN(J) = 1,0 FOR ALL J )

131 c CMUA = MASS ARSORPTION COEFFICIENT ( CM2/GM )

72 ¢ WHERE THE GRAM OF MASS PENETRATED REFERS TO THE MASS

73 c OF PARTICLES IN THE glZE GROUP

74 ¢ CHUS & Mt38 SCATTERING COEFFICIENT ( CM2/GH )

15 ¢ CMUE  » HASS EXTINCTION CCEFFICIENT ( CM2/GH )

76 c CHUB = MASS BACKSCATYLR COEFFICIENT { CM2/6H )

77 ¢ THE MASS COEFFICIENTS ARE CAL-ULATED BY MULTIPLYING THE AVERAGE

78 c CROSS SECTION-PER PARTICLE 8Y THE NUMBER OF PARTICLES PER GRAM :

79 c Z

.1} c NOTES E

3] c THE PRORABILIY GSSTRIBUTIONS ARE E

82 c LOG NORMAL = EXP{ «0,Sa(LN(D/pH)/LN(S31)#82 )/( SURT(2#PI)#DALN(S)) e

83 ¢  WHERE D = PARTICLE DIAMETER ( C# ) 3

.1} | PONER LAW 3 (;=i)aDaa(wp)/(DHINna(lap)aDHAXRe{i=P]) =

85 ¢ HYBRID = C§ » LOC NORMAL FOR p BETWEEN 0 AND DMIN =

86 ¢ = C2 * POWER LAW FOR D BETWEEN DHIN AND DMAX g

87 ¢ NHERE C1 AND C2 ARE HORMALIZING CONSTANTS WHICH INSURE THAY E

£1] ¢ THE INTEGRAL OYER THE WYBRID PROBABILITY DISTRIBUTION FRUM H

89 ¢ 0 TO DMAX EQUALS ONE, aAND THAT THE LOG NORNAL AND POWER

90 ¢t LAW DISTRIBUTIONS JOIN AT DHIN

91 . C

92 ¢t

93 DIMENSION SPHLN(21), SPNPL(21}

949 ¢ E

95 c SET VALUE OF PI 3

g? ¢ DATA PI 7 3.12159265 / E

98 COMMNN 7 CCGAP 7 MCRP, MSIZE, MSPHER, DLOW, DHIGH, DM, S, DMIN, 3

99 1 DMAX, P, XR, XI, RHO, PNG, ¥N, FM, SIGA, S16S, 2
:gl!) ¢ 2 SIGE., SIGB, SPN(21), CMUA, CHUS, CMUE, CHUB, WL
102 c ZERD QUT YARIABLES 3
103 SIGALN £ 0, E
10a SIGSLN = 0, 2
105 SIGELN = 0, 3
1cs SIGBLN = 0,
107 SIGAPL = 0,
108 $1G3PL = 9, ;
109 SIGEPL = O, 3
i10 SI1GBPL = O, 3
111 ons1s1, 2 3
112 SPNLNC § ) = 0. E
13 SPAPLL T ) = 0, 3
114 § CONTINUE =
1is [ E

il

sl A

vl
il




| 37
117
118
119
120
1214
122
123
124
125

127
128

152
153
154
155
1S5
157
158
i59
160
161
162
143
162
165
166
157
168
169
170
171
i72
173

(%) [ Kzl

(xR ]

(e NaTaRal

[aXa]

3¢y

83

68

8s

90

o1
a7

93

qa

DEFAULT VALUES

1F( MSIZE ,EN, 0 ) GO 10 83
IF( MSPHER ,EQ, 0 ) MSPHER = {
IF{ RHD ,EQ, 0, )} RHO = 2.5

CHECK THLY GPOUP SIZE RANGE I§ WITHIN S1ZE DISTRIBUTION LIMITS
IFC WL (LE, 6, ) GO =0 83

148:7€ = IABS( hSiZE)

IEC DLOY ,GE, OHIGH ) 6O TO B3

1F¢ oLO® LT, 0, ) DLON = 0,

1P¢ T4STZE ,EC, 1 ) GO TO 84

1F¢ {M31ZE€ ,EQ, 2 ,AND, DLO4 LT, DHIN ) DLOW = DMIN

1F( DHIGH ,GT, DMAX ) DHIGH = DHMAX

IFC £LO% LT, DHIGH ) GO 7O 8a

SIGA = 0.
3168 = ¢,
SIGE = 0,
8168 = 0,
PNG = O,
FN = ¢,
F® = 0,
G0 TO 156

CHFCX =»ICH DISTRIBUTION IS Tn 8E USED
60 T0( 85, ¢S, 118 ), IMSIZE

RISTRIBUTION I8 LOG NOPHMAL
COHPUTE YUMBIR AND MaS8S FRACTIONS

ALNS 3 ALOG( 8 )

8ht = =%,

Fuy = 0,

Ful = 0,

502 = ALOGC DMIGK / DM ) ., aALns
§03 = 3, » ALN3

IFL nLON (LE, 0, ) 6D 7O 90
S0: = iLDG{ DLOW /7 DM ) / ALNg
Fry = CUMNORC 8SDY )

F¥i z CUMNOR( $O1 - 803 )

FN2 = CUMNORC $D2 )

FM2 = CuMncafl £02 « $03 )

IF( 8Dt * Sp2 ,LE, 0, ) 45D TO 91

FN = FNi= FN,

IF( 8D2 LT, 0, ) FH = = FN

G} TO 92

FN = §{, = €Nl = FN2 )

IFC ( SDI = 203 ) & { D2 - Sp3 ) LLE, 0, )} GO TO 93
FH = FMl « FH2

IFC Sn2 = 8§93 LT, 0, 3} FH = oFH

60 TO 9k

Fu = ;. = FHI « FM2
COMBUTE AVERLGE CUBED DIAMETER OF GRAuP
D34V = FM ~ DHaed & FXP( 9, * ALNSea2 /7 2, ) / FN

CUMPUTE CA0SS SECTIONS AND SCATTERING SATTERM( FOR POSITIVE HMSIZE:
CALL CROSS( “8IZE, MSPHER, DLn¥, NHIGH, DM, S, DUM, KL, XR. XI,

98
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178
175
176
177
175
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
19a
195
196
197
isa
169
200
203
202
203
2904
20%
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
228
225
226
227
2258
229
23¢
23y

(s NaXy Nyl

[aX g}

O OO Cr

xRz Xs]

9S

105

110
115

118

120
125

1 31GA, 8163, SIGE, SIGB, SPN )
GO TD 155

DISTRIBUTION IS POMER LAW

COMPUTE HUMPER AND MASS FRACTION

OHP =2 1, = 3

FN = { DLOW #a OMP « DHIGH a% (IMP ) / ( DMIN az ONP « DMAX #& QOHKP)
1F( © _EQ, &4, ) GO T0 100

FMP = @, = P

FM = ( DLOW s#a FMP « DHIGH o2 FMP ) / ( DHIN #a FHP « DMAX e+ FHP)
30 10 105

F =2 ALOG( DHIGH / DLON ) 7 4. 3G ( DMAX / DNIN )

COMPUTE AVERAGE CURED DIAMETEg CF GROUP

CUNY = <OMP / ( DMIN xa& OMP « DHAX as QWP )

IF( P ,EQ, 4, ) 60 TQ 110

D3AVY = CONf & ( DMAX #a FMP . TMIN #& FMP ) / FHP
60 10 115

O3IAVY = LONI « ALOG( DMAX /7 OmiIN )

O3AV 2 OBAVY & FM / FN

COMPUTE CROSS SECTIONS AND SCATTERING PATTERN( FOR POSITIVE MSIZE)
CALL CROSS{ MSIZE, MSPHER, OLoWs DHIGH, OMIx, DMAX, P, WL, XR, XI,
1 S1GA, SIGS., SIGE, 8168, 8PN )
60 Te 155

DISTIBUTIUN 18 HYBRID
PRELIMINARY CALCULATIONS, DO gNLY ONCE

IF( MGRP 6T, 1 ) GO 10 126

COMPIITE MORMALIZING CUNSTANTS Ci AND C2

OHP 2 1, = P i

PPl = =UMP & DHIN % { «P )} 7 { DMIN %e OHP « DMAX ss OMP )
ALNS =2 ALOG( § )

SD1 = ALOG( DHMIN 7 DM ) 7 ALNg

PLY = EXP( =8N1 #% 2 /7 2, 3 7 ( SORT( 2, # P1 } % DMIN = ALNS )}
CUM = CUMNOR ( 3D1 )

IF( $0! .GT, 0, ) CUM = §, = cUH

€C2 =1, 7 C1, # CUM « pPi 7 L1 )

Ci = €2 = PP1 / PLY

CALCULATE THE NUMNBER AND MASS FRACYIONS NF THE LOG NORMAL 40
POYER LaW SEGMENTS OF THE HYBplD DISTRIBUTION

FNPL = C2

FNLN = 1, = C2

DIAVILN = OM 22 3 & EXP( 9, % ALNS 22 2 7 2, )

CONt = <DHP /7 { DHIN % OHP < DMAX a8 ONP )

IFC P ,ED, G, ) GO TO 120

FHP 3 a, = P

DIAVPL = CONY ¢ ( DHAX &% FHP « DMIN ao FHP } 7 FHP
GU 10 125

O3AVPL = CONT # ALNG( DHAY 7 pHMIN )

CuUm = CUMNOR{ SD1 + 3, # ALKNS )

IF{ SD1 = 3, o ALNS _GT, 0, } CUM = 1, = CUM

D34vH = C1 & DIAVLN » CUM & €3 & DIAVPL

|
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232
233
234
235
23¢
237
238
239
240
24y
2es
el
2au
245
2es
287
2e2

25¢
251
252
253
£5a
255
256
257
238
25¢
2&9
281
262
263
264
2565

267
2&Aa
269
2790

(s NaNaXyl

(g NeNelsl

[xNel

i26

139

131
132

1ag

1as

FHPL 2 C2 ¢ N3ayPL / D3IAVH
FHLN = |, =~ FHPL
CUNTINUE

COMPUTE THE NUKDER FRACTION AnD HASS FRACTYION FOR THAY PART OF THE
SI17E GROUP THAY LIES IN THE LnG NORHAL PORTION OF THE HYBRID
DISTRIBUTION

FHNGLN = 0,

FHGLY = O,

IFC M Ox (GE, OMIN ) GO 10 135

£4POER 2 AMINI{ DHIGH, DMIN )

FNY o2 9,

Fay =0,

3p1 -1,

<92 ALOGC SUPPER /7 DM ) /7 ALNS
03 3. = ALNS

IF{ DLOr (LE, 6, ) 60 TC 130

Honn

S2! = ALOG( DLNW / DM )} / «LN§
Fuy = CUHOR’ SDY )

FHY = CUMHNGR( SDT « 803 3

FuZ =z CUMnNOR( 2p2 )

FH2 = CUMNOR( 8D2 « SD3 )

1FC Sp1 = §D2 LE, 0. ) 6D 1O 133

FNGLN = C1 & ( FMN1 = FN2 )

IFC 3Sp2 ,LT, 0, } FHGLN = =FNgLN

GO N 132

FNGLN = C1 « (1, = FN1 = FN2 )

IF{ ( SOt = SD3 ) % € 302 - Sp3 ) JLE, O, ) GO 710 133
FHGLN = €} « D3AVLN = { FM1 = FHM2 ) / D3IAVH

IF( 8D2 = SD3 LT, 0, ) FHGLN = -—FHGLN

6N 10 134

FRGLM = Cl & O3AVLN » ( I, = FH] <« FH2 ) 7/ D3IAVH

COMPUTE CROSS SECTIONS FOR THIS PORTION OF THE SIZE GROUP

MEIZEH = 1

IFC M3T1IE ,LF, 0 ) MSIZEH = -y

CALL ZROSS( MSIZzH, MSPHER, D{0NW, DUPPER, DM, S, DUM, WL, XR, XI,
1 SIGALN, SIGSLN, SIGELN, SIGBLN, SPHNLN )

CoMPUTE THE NUMBER FRACTION AND MASS FRQACTION FOR THAT PART OF THE
SIZE GRUUP THAT LIES IN THE PnhER LAW PDRTION OF THE KYBRID
DISTRIRUTION

FNGPL = O,

FHGPL =0, .

iF{ DuIGH ,LE. DNIN ) 6D 1O 1a7

DLANFR = AMAXL( DLO=, DHIN )

FNGFL = C2 = { DLOKFR 232 GEP . DHIGH =& OHP ) /7 { OMIN an NP
1 - UMAX as OMp )

IF{ P [EQ@, &, ) GO TOo 140

FHGPL = FMPL o ( DLOWER 2s FMp = DHIGH an FHP ) 7 ( DMIN a2 Fup
1 ~ DHAY ea FMp )

SO 10 145

FEGPL = FMPL « ALOG( OMIGH 7/ nLUWER ) 7 ALOG( DMAX 7 DMIN )

COUPUTE CRO3S SECTIUNS FOR THIS PURTION OF THE SIZE GROUP

MSIZEH = 2

IF( M371ZE ,LE, 0 ) HSIZEH = =2

CALL CAUSS( MSIZEH, vSPHER, Dy OnEm, DHIGH, DHIN, DMAX, P, WL, XR,




2958
29
297
- 298

300
301
302
303
308
305
306
307
308
309
310
3
313
314
315
316
317
318
319
320
321
322
323
32a
325
326
327
328
329
330
331

“am o0

[2Xa) Cren

xRNyl

0

147

150

155

156

XI, SICAPL, SIGSPL, SIGEPL, SICSPL, SPNPL )

COMPUTE NUMBER AND MASS FRACTIONS FOR THE SIZE GROUP
Fi = FNGLN ¢ FNCPL
Fr = FHGLN o+ FHGPL

COMPUTE AVERAGE CUBED DlAMTicp OF CRIUP
D3AY = FH & DIAVH /7 FN

COMPUTE CROSS SECTIONS FOR THe WHOLE SIZE GROUP
CUNI = FNGLN 7 ( FNGLN ¢ FNGP )

COng = §, =« CONI

SIGA = CONU » SIGALN ¢ CON2 » SIGAPL

SIG3 = CON1 = SIGSLN ¢ CONZ « SIGSPL

SIGE = CONI ¢ SIGELN ¢ CONZ & SICEPL

SIGR = CONI » SIGALN ¢ CON2 = S1GBPL

COHPUTE WORMALIZED SCATTERING PATTERN FOR POSITIVE NSIZE
IF¢ MSIZE LLE, ¢ ) GO TO 1SS

CON1 = CONI & SICSLN 7 S1G9

CONZ = 1, = CONI

00 150 I = 1, 2%

SPN( 1 ) = CONE % SPNLNC I ) o CON2 » SPNPL( | )
CONTINUE

COMPUTE NUMBER QF PARTICLES PER CRAM OF MATERIAL IN THE CROUP
PNG = 6, 7 ( PI * RHO ¢ D3AY f

COMPUTE HASS COEFFICIENTS

CHUA = PNG = SIGA

CHUS s PNG = S3iCS
CHUE = PNS » S7GE
CHUB = PNG » <,08
THE CALCULATIQN FOR THIS SIZE GROUP ARE COMPLETE
RETURN

END
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SUBROUTINE CRQSY( WSIZE, HSPHgR, DLON, DHIGH, DIM, 028, P, WL, XR,
1

X1, SiGA, S1GS, SIGE, SIGB, 8PN )

THIS ROUTINE CALCULATES THE AvERAGE ABSORPTION, SCATTERING,
EXTINCTION ANO BACKSCATTER CROSS SECTIONS PER PARTICLE AND THE
NURMALIZED SCATTERING PATTERN FOR PARTICLES WITH DIAMETERS IN THE
SIZE INTERVAL OLOW 10 DHIGH, THESE PARTICLES ARE A SUBSET OF A
CULLECTION OF PARTICLES WHOSE SIZES HAVE A LOG KDRMAL OR A PONWER
LA¥ PEOBABILITY DISTRISUTION, THE PARTICLES CAMH BE SFPHERIEAL OR
SONSPHERICAL

INPUIS
“BIZE 3 1 THE PaRIICLES HaAVE & LOS NORMAL 317Z DISTRIBUTION,
CCMPUTE CROSS SECTIUNS AND SCATTERING PATTERN
= «1 THE PARYILLE3 HAvE 4 LOG NURMAL SIZE DISTRIBUTION,
COHPUIE CROSS SELTIONS
T 2 THE PARTICLES HAvy & POMER L&x SIZE DISTRIGUTION,
COMPUYE CRO3S SECTIONS AND SCATIERIKG PATTERN
«2 THE PARTICLES H2ayE A PUKEIR LAW SIZE DISTRIBUTION,
COnPUTE CPO53 SECTIONS

MSPHER = | THE PARTICLES ARE SPHMERICAL, USE STANDARD MIE THEORY
= 2 THE PARTICLES ARE NUNSPHERICAL, USE MODIFIEP MIE
THEQRY
siow ® LUAER LINIT OF PARTICLE OIAMETER RANGE (L, WHERE L IS A

LENGTH UNIT SUCH &S HICRCM3, CENTIMETERS, HMETERS, ETC, )
DHIGH 3 UPPER LIHIT OF PARTICLE DIAMETER RANGE (L)
13 ] 2 MEAN DIAMETER PARAMETER FCOR THE LOS KORMAL DISTRIBUTION
L)
3 HINIRU= DIAMETER OF POMER (AN DISIRIBUTIOR (L)
STANDARD DEVIATION pARAMETER OF THE LOG NORRAL
DISTPIRUYICY
MAXIMUM DIAMETER OF ThE POAER LAW DIZTRIBUTION (L)
POWER LaW EXPCHENT nF THE POWER LAN DISTRIBUTION
#AVELENGTH OF THE INCIGENT RADIATION (L)
REAL PART OF THE JOoPLEX INDEX OF REFRACTION OF THE
PARTICLES
%I 2 (MAGINARY PART OF Tuf COXKPLEY INDEX OF REFRILTION CF THE
PAPTICLES { T#E INDzX IS K = XR » IsXI SO THAT BOTH XR
AND X1 &RE POSITIVE 2

-
"
(1]
L]

-
HHan

BUTPUTS

SIGA = AVERAGE ABSORPTIO' CRUSS SELTION PER PARTICLE ( Lea2 )

5iGS = AVERAGE SCATTERING pRUSS SECTION PER PARTICLE ( Lae2 )

3IGE = AVERAGE EXTVINCTIOH £PUSS SECTION PER PARTISLE ( Lee2 )

5158 2 AVERAGE BACKSCATTER (ROSS SECTION PER PARTICLE ( Lev2 )

3rn 2 NORMALIZED SCATTERIuG PATTERK FOR THE PARTYCLES IN THE
GIVENM SIZE RANGE DLGH TO DHIGH, SPN(J) = SCATIERING
FUNCTION AT Thi SCATTERING ANGLE wHOSE COSINE IS
G,ie(Jd=113, 5P% 13 NORMALIIED SO THAT THE INTECRAL OF
SPN GVER @ PI STERENTIANS EQUALS @ PI { IE, AN ISODTROPIC
SCATTERING PATITRN MAS SPN(J) = 1,0 FOR ALl J )

HGTES
THE UNITS Y0 B8E USED FOR L{ LpNGTH ) ARE THE USERS CHOICZ, BUT ALL
DISTancE INPUTS = DLO:, SHIGH, DIM, D2S{ FOR POSER LAW ), WL =«
HUST BE IN THE SAME U173, THf CROSS SECTIOM QUTPUTS - SIGA; SIGS,
SIGE, SIGB « ARE THEN IN UNITg OF Lee2
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THE QUYPUTS CALCULATED RY THIs POUTINE ARE
CROSS SECTIONS =« UNE GIVINED RY FN TIMES YHE INTEGRAL OVER
PARTICLE OIAMETER FROM pLUW TU DHIGH OF CPROBABILIYTY
DISTPIRUTION TIMES CROSS SECTIONAL AREA ( PI « DIAMETZR 7 4)
TIMES MIE EFFICIENCY, Fn I3 THE FRACTION OF THE TOTAL NUMBER
OF PARTICLES THAT ARE wiITHIN THE S1Z£ RANGE OLON TU DHIGH
SPN « NORHALIZED SCATTERING PATTERN FOR THE PARTICLES WITH
OIANETERS RETWEEN NLON AND CHICH, EVALUATED AT 21 POINTS,
WHERE TeE CUSINE OF THE SCATTERI~G ANGLE VARIES FROM <1 1D
+1 BY 0,f INCREMENTS, ELUATION IS ONE OVER INE SCATTERING
CROSS SECTION TIMES THE INTEGRAL OVER PARTICLE DIAMETER FROM
DLOW T UHIGH OF NORMPLIZED SCATTERING FATTCRN AT PARTICLE
DIAMETER TIMES PFOSABILxTY DISTRIAUTION TIMES AREA( Pl =
OIANETER#22 7 & ) TIMES MIE SCATTERING EFFICIENCY
THE PROBABILITY DISTRIBUTIONS AKRE ;
LOG NORMAL = EXP{ =0,S#(LN{D/pMIZLN(S)I=n2 3/( SQRT(24PI)«DeaLN(S))
NHERE D = PARTICLE DIAMETER ( L )
OM = DiM, uEAN PARTICLE DIAMETER PARAMETER ( L)
S = D28, SYANDARD DEVIATIUN PARAMETER
POWER LAW 3 {P={jeDaa(=P)/(OMINea({+PYedMAXAS(1=P)}
HHERE DMIN = DIM, MINIMUM PARTICLE DIAMZTER OF
DIsSTRIBUTION
DMAX = D2Se MAXIMUM PARTICLE DIAMETER OF
DISTRIBUTION
If FOR THE LOG NORMAL DISTRIBYTION OLOW = 0 AND DHIGH IS
ESSENTIALLY INFINITEC LN(DHIGH/DIMY ,GT, 20aLN{D23) ) THE wWHOLE
RAMNGE OF THE DISTYRIBUTION IS COVERED AND THE TUTPUTS ARE FOR aLL
THE PARTICLES IN THE DISTRIBUYION, SIMILARLY IF DLOX % DIM AND
OHIGH = D28, THEN THE WHOLE POWER LAW DISTRIBUTION 1S INCLUDED

DIMENSTON SPN121), SP(21), SP4(21), 3PL{21), SPU(21), SPI(21)

SET VALUES QOF PI, Zepl, SaRT(24Pl), AND SQRT(2}
DATA PTI 7 3,46159265 /. FOURPY / 12.$556370% 7. 502P1 / 2.50602827/
1 » 322 7 4, 801821356 /

INITIALIZATION » ZERQ QUT VAQTABLES
16s = O,

SIGE = 0,

SicR = 0,

DSIGEL = O

ny 2 1P =1, 3%

SPNC 12 ) = o,

CHNT INUE

SET NUMBER OF STEPS INDICATOR

NSTEP = 0

SET MIE DIMENSIONLESS SI2€ PARAMETER INDICATOR
LIMITA 2 O

CHECK WHICH DISTRIBUTION IS Y BE USED = LOG NGAMAL OR POWER Law
IF( JABS({ WSIZ2E 3 .E6, 2 ) GD TU &

DISTRIARUTION I8 LOG NURMAL
SET MEAN VALUE AND STANDARD OgVIATION PARAMETERS
oM = DIM

ol

o

oy [
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116
17
118
119
120
121
122
123
124
125
12¢
127
128
iz2e
3¢
131
117
133
138
135
136
137
113
139
149
141
ig2
153
148
1a3
ias
147
1as
jag
150
151
152
153
i%a
15%
i56
157
158
159
160
151
162
1563
164
165
1606
157
1568
169
170
17

173

©F €3 4O (e Xals)

[sXxZuluRaNal [y Xul

[T Nl

[aNalx] [2 X o) ™

[a NuRy']

§$ = p2s
ALNS = ALOG( 8 )

CALC!HLATE O1AMETER AT PEAK QF PROBABILITY DISTRIBUTION
DPEAX = OM » EXP{ =ALNSa%2 } =

CALCULATE FN, THE FRACTION poF THE TOTAL NUMBER OF PARTICLES THAT
AHE 1IN THE GIVEN S12€ RANGE ( MUNBER OF PARTICLES WITH DIAMETERS
BETHEEN OLO® AND CHIGH SIVIDED BY TOTAL NUMBER OF PARTICLES IN THE
DISTRIBUTION )

FNt = 9,

€1 = «f,

iF( OLOW LE, 0, ) GO TO 3

E1 = ALOGC DLOW 7 OM 3} 7 ALNMS

FN1 s CUMMOR( El1 ) A A

EZ = ALUGC DHIGH / DX ) /7 ALNS

FNZ = CUMNOR({ £2 ) |

IFC E] % E2 ,LF, 0, ) 60 TO &

FH = ¥NI = FN2

IFC E2 LY, 0, } FN = =FH

60 1D S

FN 3 {, = FNI = FN2

SET COWSTANT FACTOR IN LDG HOaMAL PROBABILITY EQUATION
CONLN = 1, /7 ( SU2P1 » ALNS & FN ) .
INTEGRATION STRATEGY

If OPEAK 13 WITHIN INTEGRATION RANGE DLOW = DMIGH, STARY AT DPEAK

AND IRNTEGRATE FORWARD 70 DHIL:, THEN RETURN TG OPEAK ARD

INTEGRATE BACKXAROS 7O DLOW, QTHERNISE IF DPEAK I3 LESS THAN DLOW

START AT OLOw AND INTEGRATE FnRwARDS 70 DHIGH, IF DPEAK IS GREATER
TRAN OHIGH, STARY AT DHIGH aNp INTESRATE S8ACKYARDS D DLOW

DSTART = =%,

IF{ DFEAK ,G{, DHIGH ) 30 YO 100

DSTART x DPEAK

1IFC{ DPEAK ,LE. DLO¥ ) DSTART » DLOH

60 197

DISTRIBUTION IS POXER LAW

SET MINIMUK AND MAXIMUM DIRMETERS
OMIN = DIM

D¥Ax = D28

CALCULATE FN FOR POMER LAW SIsTRIBUTION
oup =z {, - P .
F2 3 { DLO®R4¢OMP = DHIGH®2DMD Y 7 { DOMINseDHF « DHMAX#20MP )

SET CONSTASNY FACTOR 1% POHER L An PROEABILITY EQUATION
CONPL & =OHP / { ( DMIN#aDMP . DHAX#UMP ) t FN )

INTEGRATION STRATESY

START AT DLON, INTEGRATE FOR®W:RD TO OHIGH
OSTART =2 DLW

THIS I8 THE FORwWARD INTEGRATIAN SECTION




198
199
200
201
202
203
268
205
206
207
208
209
210
21t
212
213

31

IO (o N ol [a Nz X2l

Iy OO0

[y N p) ™M

11

12
13

18

15

16

SET THE INITIAL INTEGRATION STEP SIZE AND STARTING DIAMETER
D = DSTART
DELTA = 0,2 & DSTART

THIS IS THE FORNAPD INTEGRATIgN LOOP
INCREMENT NUMBER OF INTEGRATION STEPS
NSTEP = NSTEP ¢ 1

CALCULATE THE DIMENSIONLESS MJE PARAMETER FOR THE CURRENT DIAMETER
A = AMINI( PI = D 7 wi, 100, )

IX THIS VERSIQN WE LIMIT THE mIE SIZE PARAMEYER 1O BE EQUAL 10 800
OR LESS, THIS LIMIT IS INPOSEp 10O CONSERVE COMPUTER RUNNING TINME,
THERE WILL 8E NO LOSS OF ACCURACY ON CROSS SECTION CALCULATIONS,
THERE MAY BE SOME ACCURACY LOAS IN THE SCATTERING PATTERN FOR A
DISYRIBUTION OF EXTREMELY LARGE SIZE PARTICLES

CALCULATE MIE PARAMETERS

IF MIE SIZE LIMIT WAS REACHMED LAST TIME, USE PREVIOUSLY COMPUTSD
VALUES .

IFC LIXITA EQ, 1 ) €0 10 1

Cali MIEC MSIZE, MSPHER, A, XR. XI, OSCA, QEXY, OB, SPU )

CHECK IF MIE SIZE PARAMETER LIMIT HMAS SEEN REACHED
IFC A _EQ, 100, ) LINITR = §

EVALUATE INTEGRANDS AND NORMAL IZgD SCATTERING PATTERN{ FOR
POSITIVE MOIZF ) AT CURRENT D VALUE

AREA = PI » nan2 / &,

IFC 1A88( WSIZE ) ,EQ, 2 ) 60 YO 12

PROB = CONLN & EXPC «0,5 & { aLOG( O /7 DM ) 7 ALNS j#2x2 } /7 D
60 10 13 -

PROB = CONPL /7 Daap

CNST = PROR « AREA

XIHTS = CNST o 03CA

XINIE s CRST & QEXT

XINTA = CNST « QB

IF{ MSIIE LLE, 0 ) €0 TO IS

CONS = 8, 7 ( Aea2 o QSCA )

00 182 1P = 1, 21

SPL TP ) = CONS » SPU ( I™ )

CONTINUE

CHECK IF THIS 1S THE FIRST EVALUATION POINT
IFL NSTEP 6T, § ) 60 To 17 -

SAVE INTEGRAND VALUES FROM DSTART FOR BACKWARDS INTEGRATION
XINTSE = XINTS

XINTE] = XINTE

XINTR]I 3 XINTH

IF{ mS12E LE, 0 ) CO TO SS

00 1s iF 2 1, 2}

SPI( P ) = SP( IP 3

CONTTNUE

60 10 55

USE PONER (AW INTEGRATION BETWEEN THIS POINT AND PREVIOUS POINT

AR,

L




232 [ COMPUTE EXFIAENT OF PUKER LAR

233 17 ALDDL = ALGG( O 7 OL ) .

23a EXS = ALOG( XINTS / XINTSL ) 7 ALDDL

235 EXE = AL0GS{ XINTE 7 XINTEL ) ;s ALDDL

236 £XA = ALGG{ XINTB 7 XINTRL ) , ALODL

37 C

23n IFC 4BS{ EXS + 1, ) LE, 1.,E=3 ) 63 10 18

239 BSIG] 2 XINISL « DLe ( (D 7 pL d)sal EXS + 1, 2 =1, ) 7 { EXS ¢ 1,
250 H

241 51 18 23

242 18 DB3I68 = XIMNISL » DL o ALDDL

243 29 TFC 2850 EXE ¢ 1, ) .LE. 1.E=3 ) GO YO 25

2a4 DSIRE = YINTEL » DLs ( ( O /7 pl Jee{ EXE ¢+ 1, ) =1, ) 7 ( EXE + 1,
245 H

236 G IO 39

2ar 25 DSIGF = XINTEL » DL « ALODL

283 3¢ IFL a38¢ EX6 + 1, ) ,LE, 1.E-3 ) GO TG 35S

239 D3I68 = XISNTBL « DL ( (D /7 nL Jae{ £X8 ¢ 1, ) =1, 3} /7 ( EXB ¢ {,
250 i1

251 Gt Tn 20 -

2%2 35 DSISA = XINTRL « DL = ALDDL

253 4

2s%a c DD CONIRIBUTION FRgH THIS INCREHENT 10 TOTAL

255 52 53i55 = 3165 + DSIGS
256 2ICE = BIGE ¢ O51GZ
257 5i58 = SIsk + DPSICB
258 IF¢ #SIZE ,LE, 0, 3 GU 7O &S
259 29“2 = DSISS s S16S
260 b 1. - COoHZ
26} =1, 21
262 ELOG( XINTS » SP{ IP ¥ 7 ( XINISL » SPLU IP )} }) ) 7 ALODL
253 £X57 + 1, 3 L&, 1.U=-3 ) 6C 10 21
268 } 2 XINTSL » SPL( IP ) » DL ¢ { ( D 7 DL 3 s« ( EXSP ¢ 1,
265 }~i.Y /7 € { EXS> ¢+ 1, 3 » DSIGS 3
266
267 = XJHTSL = SPLC JP § « DL + &LDDL 7 DSIGS
268 T COM1 & SPN{ IP ) & CONZ = SPI{ iP )
269
E 270 C
= . 271 < s INTEGRAL PARTIAL SUMS HAVE AL-EADY CONVERGED TU FINAL
[ 272 € ¥ IF ALL SENSIBLE cMNTRIGUTIONS if) THE INTEGRALS HAVE
= 27 4 ) INCLUDED ! CRITERIUN IS THaT Ind LAST CONTRIBUTION TG
= 274 C H {szaq CRUSS SECTICN §& LESS THAN 10se=8 OF THE TOTAL
3 2715 L <t 1HES FAR
274 as irf /7 SIGE T, 1.E-2 ) 60 30 100
277 o
273 o i & CE Hi$ NDTY YEY BreN el za a0 NEXT InIOf=ENT
2719 o kR ESRAND VALUES anD DIAwE: a Frar iHI3 STEP
230 55 1} XiNTS
= 281 ¥ XINTE
— 2a2 F$4 XINTR
2a3 By =t
2aa IF{ =51I8 LE, 0 ) G TG sl
= 2AS D5 &5 TP T 1. 2%
= 286 5PL{ 12 ) = P IP )
= 287 50 CONTINUE
=" 28R 61 IF{ %STIP LE, 1 ) GO TU &S
289 c

106




o g iy

e

290
291
292
293
294
295
294
297
2848
299
300
301
302
303
30a
30S
3%
307
308
309
310
311
312
313
314
31s
318
317
314
319
320
321
322
323
32a
32s
328
327
328
329
330
331
332
333
334
135
336
337
3138
339
339
341
342
343
34y
345
3as
347

[aNa] (2 N2l

e N3] 3 XK Na Kz Nl (2] ao

00

[a Nzl [a Nz e Rulal

(3 Nal

65

100

105

ito

115

CUMPUTE STEP SIZE FUR NEXT INCREMENT

DELTA = D » AMAXI( 0,2: EXP( §, / AMAXI( ABSC EXE )y 14 ) ) = 1, )
RATIS = DSIGEL ¢/ DSIGE

IF( RATIO .GT, 1, ) OELTA = DELTA & RATIO

SAVE DSIGE VALUE
DSIGFL = DSIGE

CHECK IF FORWARD INTEGRATION { IMIT HAS BEEN REACHED
IFC n ,GE, DHIGH ) GO TO 100

LIMIT HAS NOY YET BEEN REAZMED, INCREMENY D FOR NEXT STEP
D x D + DELTA

IFC D .GT. DHIGH ) D = DHIGH

DO NEXT STEP

GO 10 10

THIS I3 THE AACKWARDS INTEGRATIGN SECTIQON FOR THE LOG NORMAY
DISTRIAUTION |

CHECK IF THE FORWARD INTEGRATION INCLUDED WHOLE INTEGRATION RANGE
IFt D3TART ,EQ, OLOW ) GO TO po0

RESET INTEGRATION STEP COUNTER AND DSIGEL VALUE
N3YEP = O
DSIGEL = O,

IF FORWARD INTEGRATION BEGAN AT PROBABILITY PEAK, USE SAVED VALUES
FOR STARTING POINT, OTHERNISE CALCULATE STARTING VALUES
IF{ NSTART ,EQ, DPEAK ) GO TO 0%

DSTARY = DHIGH

0 = DSTART

DELTA = =0,2 » DSTART

60 To 115

XINTSL = XINTS!

XINTEL = XINTEQ

XINTBL 3 XINTHI

0 = NSTART

DL = DSTART

DELTA = =0,2 » DSTART

NSTEP = 1

TFt MSTI2E .LE, 0 ) GO TO 165

DO 110 IP = 1, 21

SPLC IP ) = 3pIC IP )

CONTINUE

GO T0 165

THTIS IS THE AACKWARDS INTEGRATION LODP

NSTEP z NSTEP + 1

CALCULATE THE DIMENSTIUNLESS MYE PARAMETER FOR THE CURRENT DIAMETER
A = AMINIC PI » O / WL, 100, ;

CALCULATE MIF PARAMETERS
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388
386
387
3188
389
390
39
392
353
3194
398
396
197
398
3199
aoo
40t
402
403
404
405

[ Nel

119

T1F MIE SIZE LIMIT WaS REACHED LASY TIME, USE PREVIOUSLY COMPUTED

VALUES )
IF(C LIMITA (EQ, 1 AND, A ,GE, 100, ) GO 70 117

CALL MIE( MSIZE, MSPHER, A, Xgpe XI, QSCA, BEXT, GB, SPU )

CHECK IF MIE SIZE PARAMETER LIMIY HAS BEEN REACHED
IFC A ,EQ, 100, ) LINITA =i .

EVALUATE INTEGRANDS AND NORMALIZED SCATTERING PATTERN( FOR
PGSITIVE MSIZE ) AT CURRENT D VALUE

ARTA 2 Pl # Dra2 / 4,

PROR = CONLN o EXP{ 0,5 = ( aALOG( D 7/ DH ) / ALNS }2ax2 ) / O
CNST = PRUB & AREA

XIMNTS = CNST # Q3CA

XINTE = ONST » GEXT

X1tTB = CNST » (8

IF( MST1ZE LE, ¢ ) GO YO 119

CONS = 4, 7 ( Ax%2 % QSCA )

DG ia Ip x t, 2%

SP{ §p 3 = CONS « SRU ( 1P )

CONTINUE

CHECK IF THIY 1§ THE FIRST EVALUATION POINT
IF{ NSTEP ,LF, 1 ) GO TG 155

USE pnWER LAW INTEGRATINN BETWEEN THIS POINT AND PREVIOU3 POINT
CUMPUTE EXPUNENT OF POWER LAW

ALODL = ALDG( DL /7 D)

EXS # ALOGC XINTSL / XINTS ) ¢ ALDDL

EXE 2 ALDGC XJMTEL /7 XINTE ) s ALDDL

EX8 = ALOGC XI®TRL / XINTR ) , ALDDL

IF( ABSC EXS ¢+ 1, ) ,LE, 1,E~3 ) GO TO 120
NeIGs = XINTS « D « { C DL /7 p dxe( EX§ + 1,
N

60 10 125

~
4

1, ) 7 ( EXS + 1,

120 DS1GS = XINTS « D « ALDDL
125 IF( ABS( EXE ¢ 1, ) LE, 1,E=3 ) GO TO 130

DSIGE = XINTE » D = { C DL /7 n Jan{ EXE + 1, } = 1, ) /7 { ExE + 1,

1}
6G Y0 135S

130 DSIGE = XINTE s D & ALDDL
135 IFC AES ( EX8 & 1, ) ,LE, 1,E-3 ) GO TO tao0

NSIGB = XINTB « D » ( ( DL / p )an( EXB ¢ 1, ) 1. ) 7 C EXB + 1,

1)
GO 10 145

1206 NDSIGR = XINIR & D = ALDDL

ADD CONTRIRUTION FRUOM THIS [HeREMENT TO TUTAL

145 SIGS = SIGS + DSIGS

SIGE = SIGE + DSIGE

3168 = SIGR + D3I6B

IF( MSTZE LLE, 0. § GO TO 150

COHZ = DSIGS / SIGS

CONY = |, = CON2

fnotea [P oz 1,21

EXSP = ALUG( XINTSL « SPLC 19 ) /7 ( XINTIS » SP{ IP ) ) ) /7 ALDDL

108
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407
408
309
a10 146
(23] 147
412 148

414
41S
416
417
a1s
a19
420
a2t 15%
422

423

424

425

a26

427

428 160
829 161
a30
a3t
a32
433
434
435
436
437
438
439
qa0

150

©oan OO

[x Na]

[z X2] [ Xz} (2 X 2]

a53
444 165

aq9
450
200

[a] OO (2]

asa

TFC ABSC EXSS ¢ 1, )} ,LE, 1,E<3 ) GO 70 146
SPIC IP ) % XINTS & SPL IP ) « D & C (OL 7 D ) #x ( EXSP ¢ 1, )
1 @ te ) 7 ¢ C EXSP o 1, ) * DSIGS )

6o 10 147

SPIC 1P ) & XINTS » SPC IP ) « D « ALODL / DSIGS
SPN( IP ) & CON1 « SPN( IP ) o CON2 & SPI( IP )
CONTINUE

CHECK IF CONVERGENCE HAS BEEN REACHED, CRITCRION IS THAT THE LASY
CONTRIBUTION 1O YHE EXTINCTION CROSS SECTION IS LESS THAN f0trey
OF THE TOTAL .

IF( DSIGE /7 SIGE L7, 1.,E-8 ) GO TO 200 .

CONVERGENCE HAS NOT VEY BEEN aEACHED, DD NEXT INCREMENT
SAVE INTEGRAND VALUES AND DIAMETER FROM THIS STEP
XINTSL = XINTS

XINTEL = XINVE

XINTAL = XINTB

oL =0

IFC MSTZE ,LE, 0 ) GO TO 161

DU 160 IP = §, 21

SPLC P ) = SP( IP )

CONTINUE

IF( NSYEP ,LE, 1 ) GO TO 165

CONPUTE STEP STZE FOR NEXT INCREMENT

DELTA = oD & AMAXI( 0,2, 1, = EXP( =1, /7 AMAXI( ABS( EXE )¢ 1, ) )
1)

RATIOD = DSIGEL /7 DIIGE

IFt RATIO ,GT, 14 ) DELTA = AHAXI( «=0,9 # D, DELTA # RATIO )

SAVE DSIGE VALUE
DSIGEL = DSIGE

CHECK IF BACKWARD INTEGRATION LIMIT MHAS BEEN REACHED
fF( n ,LE. DLOW ) GO TO 200

LIMIT HAS NpT YET BEEN REACHED, INCREMENT O FOR NEXT STEP
D x D ¢ DELTA

IFC D LT, DLON ) D = DLOW

DO NEXT STEP

60 70 115

INTEGRATIUN COMPLETE, SET VALyE OF SIGA
S1GA = 81GE -8S1G3

RETURN
END

109
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SUBRQUTINE MIE( MSIZE, MSPHER, X, OR, DI, QSCA, AEXT, 0BS, 8 )

THIS ROUTINE USES MIE THEORY TU CALCULATE THE EFFICIENCIES FUR
SCATTERING AND ABSORPTION AND THE STATTERING PATTERN FOR A SINGLE
UHIFORMU SPHERJCAL PARTICLE

THE SETHOD FOR MODIFYING THE MIE CALCULATION FOR NONSPHERICAL
PARTICLES IS THAT OF CHYLEK, GRAM3, AND PINNICK
LIGHT SCATTERING BY TRREGULAR RANDOHLY ORIENTED PARTICLES
SCIENCE, VOL 193, & AUGUST 1976, PP 480-482
THE METHOD 1§ BASED NN THE ASSUMPTION THAT SURFACE WAVES ARE
PRESENT IN SCATTERING BY SP4ERICAL PARTICLES, BUT THEY ARE ABSENTY
IN SCATTERING 8Y IRREGULAR PARTICLES

INPUTS
MBIZE = POSITIVE INTEGER, COMPUTE BCTH CRDSS SECTIUNS AND
SCAYTERING PATTERN
T NEGATIVE INTEGER, COMPUTE CRUSS SECTIONS ONLY
M3PHER =¥ §| THE PARTICLES ARE SPMERICAL, USE STANDARD MIE THEURY
t 2 THE PARTICLES ARE NUNSPHERICAL, USE MODIFIED MIE
THEORY
X s NORMALIZED SIZE PARAMFTER, WHICH EQUALS TWO PI TIMES
THE RADIUS OF THE SPHERE DIVIOED BY THE WAVELENGTH OF THE
INCIDENT RADIATION

OR * REAL PART OF THE COMpLEX INDEX OF REFRACTION OF THE
SPHERE
ni a IMAGINARY PART OF THp COMPLEX INDEX OF REFRACTION OF THE

SPHERE ( HOTE THAT THE CUMPLEX INDEX OF REFRACTION 18
ASSUMED TQ 8E M = DR =~ 14D SO THAT BOTH DR AND 01 ARE
POSITIVE )

QUTPUTS

@sCa v SCATTERING EFFICIENCY, WHICH EQUALS THE SCATTERING CROSS
SECT1IIN OF THE SPHERg DIVIDED 8Y THE CROSS SECTIUNAL AREA
OF THE SPHERE ( SIGMA/(PiwRADIUSH®Z)

QEXY = EXTINCTION EFFICIENCY, WHICH EQUALS THE TOTAL
( SCATTERING + ABSORPYION ) CROSS SECTION OF THME SPHERE
DIVIDED BY THE CROSS SECTIONAL AREA OF THE SPHERE

QRrS = BACKSCATTER EFFICIENCY, WHICH EQUALS THE SCATTERING CR{SS
SECTINNC IN THE BACKWARDS DIRECTION)} DIVIDED BY THE CROSS
SECTIUNAL AREA OF THE SPHERE( SIGMA/(PI#RADIUS#»2)

8 = SCATTERING PATTERIt OF THE RADIATIOM SCATTERED 8Y THE
SPHERF, ASSUMING INCIDENT UNPOLARIZED RADIATION, 8(J) =z
SCATTERING FUNCTION ¢OR THE SCATTERING ANGLE WwHOSE COSINE
15 0,1+(J=11), 8 I8 yUN~NORMALIZEDR, VHAT I8, THE INTEGRAL
OF 3 OVER 4 Pl STERARDIANG EQUALS PI#0SCAnXm22

DIMENSTQN S(213, XMU(21), 51(21), s2(2t), PP1(21), PP2(21),
1 PTII(2L), PT2(21), PT(21), PP(2))

DI4TNSION ANR(200)

COMPLEX 0,Z,EH1;EM2,EN, ANF ,ANR,ANZ, AN, BN,6BSC

CoMPLEX 81, S§2

8ET THE YALUES OF THE COSINE nF THE SCATTERING ANGLE AT WHICH THE
SCATTERING PATTERN 135 TO BE EyALUATED

DATA XMU /7 =l,, ~u9 =,8r =7, =4bs =S¢ =olr =,37 =42/ =14 0o
1 edr 221 W34 Wl W5y 62 Te By R, 1, /

110




60
ol

63

65
-1

b8

70
78

73
74
75
76
7
78
9
80
L2
b2
83
84
85
8o
a7
AR
89
90
91
92
93

96
H 97
: 7
99
10¢
1et
102
133
1C¢4
19S
: 106
- 107
: 108
§ to9
: 110
111
112
113
114
115

g Th PR PO R |

[xXxX3]

"o

[ Xz Xal

(s XxNaXal

10
20

30

SET VALUES OF COMPLEX INDEX OF REFRACTIGN AND MIE VARIABLE
D = CHPLX{ DR, «DI )
T z2Xe¢D

SEY IHITIAL VALUES (F RICCATIBESSEL FUNCTION
EMy = CHMPLX( SIN(C X ), COSC X ) )
EM2 = CMPLX{ CO8C X ), =SIN( x ) )}

ZERY QUT LFFICITMCY VARIABLES AND SCATTERING PATTERN VARIABLES
IF( M3YIZE ,LE, 0 ) GO 7O 20

Ny 10 1 =1, 2t

81¢ 1) = (0, 0, )

$2( 1) v ( 0,, 0,

PEI(T) Q.

PIICD) 0.

er2(1) 0.

rFrI2(0) [

CUNTIMUE

asta =« 0,

HeXT ¢ 0O,
MSC = ( 0.4 0, )

wHnn

SET P ARRAY 1F ANF VALUES « (SE LENTZ GACKWARDS RECURSION
TLCHNIQUE  SEE COMPLEX FUNCYION ANF )

3 1,5 « X .

Nx o= MAXO{ 2, MINO(C NX, 200 ) )

ANR(NX) & ANF{ NX» Z )

Y4y 3 NY =

o301 2 b, NXMl

Nz HNX ¢ ] =1

CH © FLOAT(O N )

ANR(N«1) 2 CN /7 7 » (1,40,) 7 C CN /7 7 ¢ ANR(N) )
CONTINUE

CALCULATE THE EFFICIENCIES ANp SCATTERING PATTERN USING THE MIE
INFINTITE SERIES EXPANSION FORWULAS

X2 = X a2 2

ONE = =1,

PN o100 H = 1, 250

Fn a N

nHE 3 =(NE

€1 = 2, # FN = |,

€% = €1 ~ Ed1 /7 X = EM2

IF t N LE, NX § ANZ = ANR(N)

IF (N .GT, NX ) ANZ = ANF( N, 7 )

CFNOX z FN 7 X

€1 = REALC EN )

C2 = REAL( EM1 )

AN = ( ( ANZ s D ¢ CFNNY ) » ¢t = C2 ) /
i ( ( ANZ 7 D ¢ CFNTIX ) » gN = EM] )
AN = ( ( D = ANZ ¢ CFNOX ) = c1 = C2 ) 7
H C (D = ANZ & CFHNUX ) « gN = EMI )

CHECK IF PARTICLES ARE SPHERICAL QR HONSPHERICAL

ol

1“ A i e fd




1F¢ 4SPHER LE. 1 ) GO "0 35

THE PARTICLES ARE NONSPHERICAL, MOODIFY THE VALUES OF AN AND BN IFf
THEY ARE NEAR & RISONANCE PEAx ( DUE TO SURFACE WAVES )

HA¥E MODIFICATION ONLY FOR MI¢ URDERS OF THREE AND ABUVE

IFON LT, 3 ) 59 Tu 35

CHECK JF DIMENSIONLESS SIZE PARAMETER 13 BEYOND THE RESONANCE
REGICK .
IFC x 87, 1,1 =« FN j GO 10 35

ME ARY NOT SEYOND THE ARESUMNANCE, LIMIT AN AND BN
IFC REALL a% ) .67, 0.5 ) aN = ( 0,5, 6, )
IFC REALL Bt ) 67, 0,5 Y BN = ( 0,5, 0, )

XFACT o &, » FN + 1,
XYACA = GRE » { FN ¢ 0,5 3
N8T4 = F824 + XFALY & { CABS( AN ) «22 & CABS( 8N ) #x2 )
NEYT = JEXT + XFACT » RFAL( &y + BN )
QREC = 9BSC + XFACB » { 4N = gN )}
Euz = gug -
Exy = EN
TFf “37IE LE, 0 ) GO TO 80
Dy 701 = 8, 2t
IFf { ¥ .GT, 2 ) 6O 70 59
¢ L,ER, 2 ) 6D 10 ao

. = ECULD)
s ® XRULYY 22 - 3,

Foum 1, ) & xMU(L) « PPI(I) = FN » PP2(13 ) /

« PPRCI) § = (2, a FN = 1, ) »
% 2¢{1) + PT2(I)
Y 7 ( FN »22 4 FN )

} > CXFACT & ( A% » C1 ¢ BN = C2 }
S2(I} + CYXFACT » ( BN » £} + AN = C2 )
PEI{l}
PTIL]}
PP(T)
21
CONTTNUE
IF{ PN (LT, 1,2 *# X ,0RA, N En, 1 ) GO 10 90

IMFINITE SERIES HMAS CONVERGED
~ AMANI{ QEXT, QEXYST ) 7 AMINI( OEXY, QEXIST )} )
=3 1 GO 19 110

CONVERGENCE HiS NOT BEEN REACHED, COMPUTE NEXT TERM IN SERIES
90 DEXTSY = 4Ex7
100 CumIinye

SERIEY HAS (ONVERGED, SET THE CRQSS SECTION .:LUES
110 OLXT = 2, * QEXT /7 %2




IS YO 50 R D

R A A |

+

174
175
176
117
178
179
180
184
182
183
184
185

Iy

120

9SCA = 2, » QSCA / X2
OBS = 4. * ( CABS({ ORSC ) 2 2 ) /7 X2

FOR POSITIVE M312E, SET THE VALUES OF THE UNPOLARIZED SCATTERING
PATTERN

1F{ MS1ZE .LE. 0 ) RETURN

€0 120 1 = 1, 23

S(1) 3 0.5 & § CABS( S1(I) ) «n2 ¢ CABS( S2(I) ) a2 )

CONTINUE

RETURN
END

113

A A

o




COMPLEX FUNCTION ANF( INDEX, 7 )

THIS ROUTINE 1S CALLED BY MIE N
THIS I8 & WOF ROUTINE ~ OOCUMENTED IN REPORT GETTTMP=22

THIS FUNCTION EVALUATES THE COMPLEX QUANTITY A(N,2) HHICH IS USED

IN THE RIE FORMULAS, WHERE

A(N,ZY =2 =N/T 4 J(N=1/72,2)/3(N+172,2)

z = HxALPHA L.

M H{REAL)=IaM(THAGINARY) ® COMPLEX INDEX OF REFRACTION

ALPHA 2#PTaR/WAVELENGTH & NORNALIZED SIZE PARAMETER

R RAGTUS OF SPHERE

N ORDER OF THE FUNCTION

J BESSEL FUNCYIDN COF CQMPLEX ARGUMENT AND HALF=INTEGER
ORDER

THE METHOD OF EVALUATICN USES THE CONTINUED FRACTION ALGORITHH OF
WILLI&H J LENTZ ~ GENERATING gpESSEL FUNCTIONS IN MIE SCATTERING
CALCULATIONg USING CONTINUED FRACTIONS
APPLIED OPT1CS, Y0L, 15, NO, 3, MARCH 1976

. bt Gl B b o o
DX AP BN O ST UL W

INPUTS
TNUEX = ORDER £F A(N,2), THAT IS, INDEX & N
Z = CGMPLEX ARGUMENT

LUV U, F T
LRV VR g

o~
w

GUTPUT
ANF s A(N,E)

[z s NN e e e N e N e N N Re Re R o Re N e NoNe No Na N Xe Ry R Na N Na Ny N el

VRV R R RAVELT
Ll - N

COMPLEX Zs Ny D, Ty PN, PDy Ty T2 4 E

W
W
e

DFEFINE ARITHMEYIC STATEMENT
Cli X ) =22, * S *x { FN » (0,5 » X1 )

[e¥ ol

SET VALUE OF FIRST PARTIAL FRACTION TERK FOR NUMERATOR (PN)
FN = INDEX

S = L3

CP = 2, # FN ¢ 1,

PHICPIT

34q
35
36
17
38
39
&0
a)

SET VALUE OF FIRST PARTIAL CONVERGENT FQR NUMERATOR (N)
NeEPHR

-]
LRV NV

CALCULATE SEROND PARTIAL FRACTION AND CONVERGENT FOR NUMERATOR
CP 2 =2, % FN = 3,

TeCP/Z

PHETs{1,,0,)/PN

NZNaPN

ook
~own

SET valtE nF FIRSY PARTIAL ERaACTION (PD) AND CONVERGENT (D) FUR
DENO¥ "OR

PheY

D=PD

CALCULATE THF HIGHER ORDERS OF THE PARTIAL FRACTIUNS AND
CONVERGENTS

LR R T b B T e




5%

[z XuRaXa Xzl

[a N2 Xyl

[ X2l

(] aco

10

20

30

a0

ni=z2,

o0 30 J =1, 100
XizXtel,

S x -8

T2CX) /712
PNET#(1,,0,)/PN
POEY+(1,¢0,)/PD

IN THE HARE TINSTANCE THAT THE NUMERATUR PARTIAL FRACTION TERM I§
NEAR 2ERO, USE THE LENTZ ALGORITHY IMPROVEWENT WETHOD TO INSURE
ACCURACY .

IF C CABS( PN ) ,GT, 1,E=2 ) O 10 20

S x -8

X1 = X1 + i,

Ti=CtX) /2 ]

Ex Ty & PN e (1,00,)

Nz N» ¢

S & &8

Xl = xI ¢ 1,

Ta=¢(%x)vzs2

PN 2 T2 ¢« PN /7 E

IF THFE DENOMINATOR PARTIAL FRACTION TERM IS8 NEAR ZERO, USE THE
ALGORTITHN IMPROVIMENT METHOD

IF ( CABS( PD ) ,GY, 1.€=2 ) g0 10 10

€ x 71 « PD ¢ (1,40,)

Dz2De«FE

Pz T2 ¢+ PD 7 E

¢0 1g 20

D20 epPD |
P02T14(1,,0,)7P0
D2 n P
POET24(1.¢0,)/7PD

N 2 N » PN
030« PO

CHECK IF CONVCRGENCE MAS BEEN SEACHED
IF ( ARSC CARS( PN ) /7 CcaARS{ pD ) = 1, ) LE, 1.E=6 ) GO TO &0
CONT INUE

CONVERGENCE HAS BEEN RFACHED, SET VALUE (i ANF
ANF s ofN /7 2 ¢ N/ D

REVURN
EnND

AR

oL

1l

ol s

P

bbb




FUNCTION CUEBNOR{ X )

CUMNNR IS THE CUMULATIVE DISTRIBUTION OF THE NORMAL RANDOM -
PROBABILITY DISTRIBUTION FOR NEGATIVE X aND I3 ONE HINUS THE
CUMULATIVE DISTRIBUTION FUOR PRSITIVE X

THF CUMULATIVE DISYRIBUTION OF THE NDRMAL RANDOW VARIABLE I8
1/7SGRT(2#P1) TIKES THE INTEGRal FROM MINUS INFINITY TO X OF
EXP(eTar? 7 2 } OV

Fna ABS(X) LESS THAN S, WE USF THE POLYNOMIAL APPROXIMATION
FORMULA 26,2.17 IN THE HANDBOOX OF MATHEMATICAL FUNCTIONS BY
ABRIMUWITZ AND STEGUN, #ARCH 1965, FOR ABS(X) GREATER OR EQUAL YO
5, WE USE THE ASYMPTQTIC APPROXIMATION FORMULA 26,2.28

IO A NGO

SET POLYNOMIAL CONSTANTS

DAT2 BY/ 11938153/, B2/ =,.355563782/, B3/ X.781ﬂ77937/o
i B4/ ~1,821255Y78/, BS/ !_SSQEIHGéQI; P/ 23108197

PR R Y R PP LTI L TRV TV P S

[ Y R

S8ET VALUE OF SGRY( 2:2P1 )
CaTa $02P17 2,506628277

[ W] ey ey

24 AX = ABSC X 3
25 IFL Ax ,GE, S5, )} 60 TU 10

~N
-3
[ Ea Nyl

4BS(X) 1S LESS THAN S, USE POLYNOMIAL APPROXIKATIOR

29 T21.7 01, ¢+P s« aX)

36 LPPROX = EXP( ~AX #% 2 7 2, 3 » 7T « (81 ¢+ V&2 (B2 + T = {83 +7
31 H + (B8 ¢+ T «B85 3 ) ) )/ sg2r]

32 60 10 20

. €
c
35 c ABS(X} 1S GREATER THaN OR EOQUL TO 5, USE ASYMPTOTIC APPROXIMATION
3& 10 APPROX = 0, i
37 IFC AX LT, 13, ) APPROX = € &0RT( 4, ¢ AX #22 ) = AX ) #
38 H EXp{ =~ AX #¢ 2 7 2.3 /7 ( 2, * SQ2PI )

a1 SET VALUE OF CUMNDR
a2 20 CUMNOR = APPROX

[ E] RETURN

a5 END
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SURRQUTINE INJICG

THIS ROUTINE CALCULATES THE INITIAL PROPERTIES UF THE DUST CLOUDS
FuUR EACH BURST

INPUTS FROM CINPT CUHMDN AREAZ

T2
FH{IW)

C1elw)
CP(IN)
Ccviiw)
Fen(Ind

ACV(IwW)

x

PHIBDGLIN) =

RHOD
RENC
FH20

xLe
ANAB
RBASF
ALPHA
CORAG
RHOA
VRIND
ALTH
pve

PHINDG

OutTPUTS

RICIW)
RYILIW}
RPY{ I}
RYI(IN)
AKSCIw
FRLIW)
XKV{IM)
ATOCINY

RPOLINY

L

11} "

EOUIVALENT TNT YIELD OF BURSY I (. BS INT)
FRACTION OF YIELD APPEARING AS HYDRODYNAMIC ENERGY
FOR BURST 1w

INITIAL MAIN TLOYD SHAPE FACIUR FOR THE DIRECTION
ALONG THE SHELL YRACK FOR BURSY IW

INITIAL MAIN CLOHD SHAPE FACTOR FNR THE DIRECTION
PERPENDICULAR 10 THE SHELL TRACK FOR BUR3T Iw
INITIAL MAIN CLOUD SKAPE FACTOR FOR THE VERTICAL
DIRECTION

FRACTIUN OF IHE APPARENT CRATER MASS OF BURST IW THAY
IS LOFTED INTO ThE AIR

APPARENT CRATER yOLUME SCALING FACTOR FOR BURST Iw
(ZUBIC METEZRS PEg (LB TNT)eej, 111 )

AZIMUTH OF SHELL TRACK OF BURST IW (DEGFEES,
MEATYURED CLOCK%ISE FROM THE Y AXIS)

RULK DENSITY OF THE LOFTED DUST GRAINS (GM/CH3)
2ULX OENSITY OF YRE CARBON PARTICLES (6M/Cn3)

SOIL MOISTURE FRACTION (MASS OF WATER IMN SOIL DIVIDED
A4Y TOTAL #aASS OF SOIL INCLUDING KATER)

CARBON YIELG FRACTON (LB OF CARBUN PRODUCED PER LR
ufF INT)

RATID OF THME MASg UF PUDE A DUST PARTICLES TO THE
#4883 OF MODE B DiST PARTICLES IN THE LOFTED CLOUD
RATIO OF TYHE MASg IN THE BASt CLOUD YO THE MASS Iu
THE HMAIN CLDUD

AIR ENTRAINZENY FACTOR FOR RISING CLOUD NODEL

DRAG COEFFICIENT FOR RISING LOUD ®ODEL

AMBIENT AIR DENSITY AT GROUND LEVEL (GM/CM3)

HEAN WIND VELNCITY AT REFERENCE AL TITUDE (METERS/S)
NIND REFERENCE AL TITUDE (METERS)

POMER LAW EXPONENT OF VERTICAL PROFILE OF MEAN WIND
VELNCTITY

AZIMUTH UF MEAN yIND YELOCITY (MEASURED CLOCKNWISE
FROM THE Y AXIS) ( DEGREES)

TO CINITG CUMMON

INTTTIAL RADUUS OF THE EQUIVALENT SPHERICAL {LGUD FOR
RURST NUMBER Iw (NEYERS)

DUST CLUUD INITIAL RADIUS IN THE SHELL TRACK DIRECTION
(HETERS)

DUST CLOUD INITIAL RaDIUS IN THE SHELL CROSS TRACK
DIRECTION (HETERS)

DUST CLOUD INITIAL RADIUS IN THE VERTICAL DIRECTION
(HETERS)

I0EAL SPHERICTAL CLOYD HORIZOUNTAL DIFFUSION COHSTANY
{METERS2/YY

IDEAL SPHERICAL CLOuD RISE CONSTANY

DUST CLOUD VERTICAL DIFFUSION CONSTANT (WETERS2/3)
IRITIAL RADIUS OF DuST CLUUD IN WIND TRACK OIRECTION
{METERS)

INITTAL RADIUS OF DuSY CLOUD IN MIND CTUSS TRACK
OIRECTION (METERY)

z




FHAC FRACTION OF HMAIN CLNUD DUST ASS IN MODE A PARTICLES

FHRC = FRACTION (F HMAIN CLOUD DUST 1aSS IN MODE 8 PARTICLES

S1NPH = SINE OF THE WIND AZJHMUTH ANGLE

COSPW = COSINE OF THE WIND aZIMUTH ANGLE

vuio = wIND VELOCIIY AT 10 “ETERS ALTITUDE (METERS/S)

YHicx T X COMPONENT OF THE wIND YELGCITY 4T 10 METERS ALTITUDE
(METERS/S)

V1Y = Y COMPONENT OF THE WIND VELOCITY AT 16 METERS ALTITUDE
{(HETERS/S)

VHRVI(I#} =z wIND VELOCITY AT ThE ALTITUBE UF THE INITIAL VERYICAL
RADIUS OF RURST W (HETFRS/8)

VHRVIX{IH) = X COHPONENT OF TuE WIND VELUCITY AT THE ALTITUCE OF
THE INITIAL YERTICAL RADIUS OF BURST IW ( METERS/S)

VNRVIY(IW; = Y COMPUNENT OF THE KIND VELOCITY AT THE ALTITUDE OF
THE INITIAL VERTICAL RADIUS OF BURST I ( METERS/S)

TOYATN{In) = TIME DELAY BEFORr HORIZONTAL MOTIOM DUE TO KIND FUR
THE MAIN OUST CLOUD OF BYRST IW {Sc<CONDS)

TORASE(IN) = TIME DELAY BEFURg HORIZCHTAL MOTION OUE TOD WIND FDR
THE BASE DUST CLQUD OF BURST 1wk {SECONDS)

THASSD(I%, = TOTAL INITIAL DURT MASS LOFTED IN mMAaIN CLOUD OF BURST
iw fom)

THASSC(I®) = TOTAL INITIAL CARPON HASS LOFTED IM MAIN CLOUD OF
BURST in (GM}

AN ONOM

83 Commgn 7 CINPTY 7 w(10), FH(lp), CT(10), €P{i0}, CV(10), Xx8(10),
35 H ¥Y8(103), ZB(30), D03(10), FCH{10), HEV(10),

&8s 2 PHIBDG(10)

85 CoMHpy /7 CINPTE /7 RHNS, W00, RHQL, FH2O0, XLC, RMAB, RBASE

87 CuMmnn /7 CINPIS 7 BSF, ALPHA, CURAG, RHUA, ELEVG: TAIR, TLAPAE,
88 1 ALTIV, VHIND, ALTH, PYX, PHINGGH

a9 COHHMON / CINFTH / HH, NDG, NRTe NYIME, NPROE, IPRINT

30 COMMON / CINITG /7 RI(10), RTI(10), RPI{10), RYI{10), XKS(10),

91 1 FR{10), XXV(10), RTG(1G), RPOC10), SINPH, COSPH,
92 2 VK10, VWIQX, VHIOY, ¥&RVI{10), VHRYIX(10),

93 3 VRRVIY(10), THMASSD(10), THASSC(103, FMAC, FNBC,
9g a PURER, TDMAIN(12), TOBASE(10)}

95 COMMON /7 TAPE 7 ITAPF. JTAPE

9%
&7 DATA THIRD 7 £.33333333 7, #»Ap / 57,29578G 7/, RHOO /7 1,225E«3 /

98 C
99 c COMPUTE FRACTION OF TUTAL ﬁus; LOFTED IM RASE CLOUD
100 FBASFE x RBASF 7 { 1, ¢ KBASE ¢t

C
02 [ CORPUTE FRACTIONS OF THE MAIN DUSY CLCUD #ASS IN MGDE A AHD HUDE B
153 4 PARTICLES
14 FMAC = t1, /7 ( 1, + FHAB )
10 Fugl = i1, = FARg

144 LOone ovEx THE BURSTS
1o¢ DO 25 Td = 1, Y

C
it c CUMPUTE TOTAL, nUSTY MASS LUFTEp IN MAIN CLouD, { DUST GRAINS ONLY,
i1z c Ny ~ATFR)
ity TNLSSDOIWY = §,Fe » FCH(IV) » { |, = FH2D } = { |, - FRASE ) »
114 1 FHEOG & RCV(IW) & “(IW) 4% §,111

115 C
1i& c COMPUTE TUTAL Ma3$5 (F CARBON 7Y MAIN CLuun




APy

Uil

g S 00

e

v

L)

fT¢rY Y OYCY OV ™y

THASSC(IW) = 453,59 « ( §, = FAASE ) » W(Iw) » XLC

CALCULATE INITIAL RADIUS OF EQURIVALENT SPHERICAL CLOUD
RICIN) = 1,50 & ( W(IN) & FH(IW) * RHOO / RHOA ) =e THIRD

CALCULATE INTITIAL RADII IN THp SHELL TRACK, CROSS TRACK AND THE
VERTICAL OIRECTIONS FOR THE myNITION CLOUD

RII(I%) 3 CT(IW) 2 RI(IN)

RPI(IW) =2 CP(IN) « RI(IW)

RVI(IN) = CV(IW) » RI(INW)

CALCULATE IDEAL SPHERICAL CLOUD HORIZQONTAL DIFFUSION CONSTANT
XeSCIN) 8 ALPHA & SURT{ W(IW) & FH{IN) /7 { ALPMA ¢ 0,5 = CORAG } )

CALCULATE IDEAL SPHERICAL CLOUD RISE CONSTANY
IF( aLPHA ,GT, 1, ) GO TO 10

FRUINY £ 5,31 /7 ALPHA #2 0,857

60 10 20

FROIWY = 5,31 /7 ALPHA #« 0,717

CALCULATE MUNIT1OK CLOUD VERTYCAL DIFFUSIQON CONSTANY
XKV(IN) = 0,846Q « XKS(IW)

CALCULATE ANGLE ¢ IN RADIANS ) BETWEEN SHELL TRACK AND WIND TRACK
AZIKUTHS
ASHRAD = ( PHIBDG(IN) « PHIWDG } 7 RAD

FIND INITIAL RADIUS OF HGRIZONTAL ELLIPSE IN WIND TRACK AND CROSS
TRACK DIKECTJONS i

RTP = RTICIN) & RPI(IW}

SASHRD = SIN( ASMRAD )
CASWRD 2 COS( ASWRAD )
RTIO(IM) = RTP / SORT¢

1 . CASHRD ) ae

RPOLIW} = /TP 7 SQRTC

1 SASNRD ) #n

RTICIw) = SASWMRD ) #&« 2 4 ( RPI(IN} »
TI{Iu} & CASNRD ) #2 2 + ( RPI(IN) =

N . B
- XI e

25 CONTINUE

FIND WIND VELOCITY CONPUNENTS IN THE X AND Y DIRECTIONS
PHIMRD = PHI®DG / RAD
SINPW = SIN( PHIMRD )
CasPw = COS( PHIWNRD §

FIND THE WIND VELOCITY AT 30 wETERS ALTITUOE
YHIO = VHIND & ( 10, /7 ALTW Y} on PYX

¥HIOX = VNED & SINPH
YHIQY = VYNIO o COSPM

FIND THE WIND VELOCITY AT THE ALTITUDE OF VHE INITIAL VERTICAL
FADIUS

CALCULATE VTHE TIME DELAYS BEFARE THE NIND BEGINS MOVING THF MAIN
AND BASE CLOUDS HORIZONTALLY

00 27 IN = 1, NK

VHRVI(IN) & VWIND & ( RVI{IN] 7 ALTN ) «» PyW

VNRVIX({I®W} = VHRVI{IW) o SINPw

YPRVIY(IN) = VYNRVI{IW} « COSFu




b

T

f
£
|
H
kd
s
*
¢
:
i
z
g
H
H

175
176
177
178
179
180
181
182
183
134
185
86
187
188
i89
e
i-1
192
193
198
55
1%
15"
19¢
19¢
2¢0
201
202
203
2c4
2905
206
207
208
209
210

227

H £
60 CONTINUE

VRISE = FR{In) » XKS(IN} / RI¢Im}

TOMATNCIN) = g, » 2To(ld) 7 SART{ ¥N10 =% 2 ¢ YRISE e 2 3}
TORASE(IN} = 4, = ATO(IN) / AnAXi{ 0.1, VMEVI{IN) )

21 CONTINUE

WOITE DUT THE InITIAL DATA
WRITECJTAPE, 30) { ( IW, RI{Iu}, RTI{IN), RPI{IN}, RVI(IN},

1 RYOL{.”), RPOLIN), FR{IN), AKSLIW), XXVIINY ),
2 Ik = t, NN }

30 FOPHATIIHYIY/, 153,
1834 GEOMETRTT PARAMETERS OF THE
2 INITIAL DUST CLOUDS s 1MD,
a§2aH EQUIVALENT RaDIUg IN RAD,L3 IN RADIUS IN Radlus
S IN RaDIVUS IN SPHERICAL SPHERICAL CLOUD DUST CLOUD VERe 7
(.31,

T128HBURSY SPHERICAL SHELL TRLIZK SHELL CROSS VERTICAL HIND 7
8RACK WIHD CROSS CLOUD RI3ZE DIFFYSION COEF- TICAL DIFFC2I0N v
GiH ,

§125MHUHBER CLOUD RADIUS DIRECTION TRACK OIREC= OIRECTION GIRECY

2I0H TRICK DIREC~ CONSTANT FICISHT _ COEFFICIENT 7 1% ,
31224 {METERS} {METERSY TION(HETERS) (HETERS) (KETE
4A8) TION(METERS) {HETERS2/S5) (HETERS2/%) /

5C 13, Fil,dy F13.1, FI2.1, Fid,1, Fil.1, Fi2.1s F13,2, F13.2,
6 F17,2 ¥ 3

ARITE{ITAPE, &G)

GO FORMAT(iHD/ 1MO,

1792 INITIAL DUST AND CARBON Ma
25SES LGTTED (GH) / iud,

3i19HBYARST HAIN CLOUD A BASE
4 CLOyD - TOTALL MAIN + BASE CLOUD ) 7 IH ,

S130HNU“ZER  DUST-MODE = DUSTLN3DE 8 CanBoR DUSTeNODE & DUST
&~HMODE 8 CARBON DUST=RODE &4 [UST-KGDE B CAWBON SuMLaeBe
781 )

00 80 I¥ = I, N

XMDA = FHAC + {HISSH{IN)

XMD3 = FHAC e THASSD({IM)

XMC = THASSU(IN}

BMDA = ABASE & XMDA

THDA = zMDB 4+ BMID
THC = ¥=[ ¢+ guC

TH = T=D4& + TMDE
HRITE{JTAPE, 54)

" gam

+ FEL

i¥. XHDA, 2MpB, xXC, 8MDA, BMD3, 8KC, THDA, THDB,
THC, ™

-4

1 *
S0 FORMaT(IN , 13, Z2x, 1P2E13.2, E11.2, 2E13.2, E11,2, 2E13,2, E12,2,

1.2

RETURN
Enp




SUBROUTINE TIMECO( T, IW )

VRRYIC(IN) s wIND VELOCITY AY THE ALTITUDE OF THE INITIAL VERTICAL
RADIUS OF BURST tW (METERS/S)

YHRVIX(IN) = X COMPONENT OF TuE WIND VELDCITY AT THE ALTITUOE OF
THE INITIAL VERTICAL RADIUS OF AURST IW ( METERS/S)

VRRYIY(IN) = Y COMPONENT (OF THE WIND VELOJITY AT THE ALTITUDE OF
THE INITIAL VERTICAL RADIUS OF BURST IwW ( METERS/S)

TOMAINCIN) x TIME DELAY BEFORg HORIZONTAL HOTION DUE TO WIND FOR
THE MAIN DUST cLOUD OF BURST Iw (SECONDS)

TDBASE(IN) = TIME DELAY BEFORE HORIZONTAL MOTION DUE YO WIND FOR
THE BASE DUST CLQUD OF BURST IW (SECONDS)

OUTPUTS TO CTIME COMMON
XCENTO 2 X CIORDINATE OF THE CENTROID FUR ZERD DIAMETER

1
2 c
3 ¢ THIS RQUTINE CALCULATES THE LnCATION AND CLOUD DIMENSIONS OF THE
a c ZERD DIAMETER PARTICLES IN THE MAIN AND BASE CLOUD3 OF BURST IW AT
5 o TINE T . .
6 c
7 ¢ INPUTS FROM CALL STATEMENT
s c T = VIME AFTER BURST (3)
9 ¢ IW = BURST NUMRER
10 I
1 ¢ INPUTS FROM CINPT COMMON AREAS
12 ¢ ALTTV ® ALTITUDE ABOVE GROUND OF INVERSION LAYER (ME;<RS)
13 ¢ X8 CIW) » X COURODINATE OF tHE GROUND SURFACE AT BURST IV
1a ¢ . (METERS) .
15 c YB(IN) = ¥ COORDINATE OF fHE 3ROUND SURFACE AT BURST I
16 ¢ . (METERS)
17 c z8( W) ® 7 COORDINATE OF YHE GROUND SURFACE AT BURSY N
18 c (HETERS)
19 t PSF & ATMOSPHERIC PASOUILL STABILITY FACTOR (1 s A, 2 = B,
20 ¢ 3zC,a=20,52E
21 [
22 ¢ INPUTS FAOM CINTG COMMON
23 c RI(IW) = INITIAL RADIUS OF THE EQUIVALENT SPHERICAL CLOUD FOR
28 ¢ . BURST NUMBER IW (METERS)
2s € RTICIN) = DUST CLOUD INIVIAL RADIUS IN THE SHELL TRACK OIRECTION
26 ¢ . (METERS)
21 c RPICIN) ® OUST CLOUD INITIAL RADTUS IN THE SHELL CROSS TRACK
28 c . DIRECTION (METERS)
29 c RVICIN} = DUST CLOUD INITIAL RADIUS T“ THE VERTICAL DIRECTION
30 t . (HETERS)
33 c XKS(IMW} ® IDEAL SPHERICAL CLOUD HORIZGNTAL DIFFUSION CONSTANT
32 c . (METERS2/8)
33 ¢ FR(IN) = IDEAL SPHERICAL CLOYD RISE CONSTANT
3g ¢ XKV(IN) = DUST CLUUD VERTICAL DIFFUSION CONSTANT (METER32/S)
15 ¢ RTOCIH) ® INITIAL RADIUS OF OyST CLOUD IN WIND TRACK DIRECTION
3% ¢ . {(MEYERS)
37 ¢ RPOCIN) = INITTAL RADIUS OF DyST CLOUD IN WIND CTOSS TRACK
38 C DIPECTION (METERY)
39 c SINPW = SINE OF THE WIND AZ{MUTH ANGLE
uo €. COSPW = CGSINE OF THE WIND AZIMUTH ANGLE
4y ¢ VH10 % WIND VELOCITY AT $0 HEYERS ALTITUDE (METERS/S)
uz c Vel0X = X CUMPONENT UF THE wIND VELOCITY A7 10 METERS ALTITUDE
43 c (HETERS/S)
aa ¢ VNI0Y = Y COMPONENT OF THE WIND VELOCITY AT 10 METERS ALTITUDE
as E (METERS/S)
c
¢
c
4
b
¢
c
¢
¢
[
¢
(o




59
60
61
62
63
64
65
66
67
68
X4
70
71

7
76
77
78
79
B30

a2
83
A4
85
86
67
88
89
90
21
2
93
$4
95

a7
98

ic”
10
t02
103
104
*05
106
167
131
109
110

112

114
115
116

YCENTO
ICENTO
BXCNTO
BYCNTO
8ICNTS
g

HE

R T R e s e s Fa RN a Ru K xRyl

rY
8RY
B8RP

BRV

CrrICNMI I I CRTY I CTAT Y

COMMQN
1
2
COMMON
1
COMKON

-V L

COHMON

U R MG e

or

PARTICLES IN
t Y COORDINATE
PARTICLES IN
3 7 COORDINATE
PARTICLES IN
s X COORUINATYE
PARTICLES IN
% Y COORDINATE
PARTICLES IN
© Z LOORDINATE
PARTICLES IN

THE HAIN CLOUD (METERS)
OF tHE CENTROID FOR ZERD OIAMETER
THE MAIN CLNUD (METERS)
OF THE CENRTROID FOR ZERD DIAHETER
THE MAIN CLOUD (METERS)
OF yHE CENTROIC FOR ZERD DIAMETYER
THE BASE CLOUCL (METERS)
OF THE CENTROID FOR ZERD DIAMETER
THE BABE CLOUD (METERS)
OF T.E CEN{RCID FUR ZERO DIAMEYER
THE BASZ CLOUD (METERS)

n RADIUS OF THE IDEAL SPHERICAL BUBBLE AY TIME T

(METERS)

b}

ALTITUDE ABOVE GROUNG LEVEL OF THE CENTER OF THE

1DEAL SPHLRICAL RUBBLE (METERS)
2 RADIUS UF THE ZERD OIAMETER PARTICLES IN THE MAIN
CLOUR TN THE wIuP TRACK DIRECTION (KETVERS)

1]

RADIUS 0OF TRE 2E¢D DIA~ETER PARTICLES IN THE M:oiN

OIRECYION PERPENDICUL R TO TAE HIND TRACK DIRECTION

(METERS)

z RADIUS OF THE ZERD DIAHETER PARTICLES IN THE HAIN

CLOYD IN THE

VERTICAL DIGECTION (METERS)

= RADIUS OF THE ZERO ODIAMETER PARTICLES IN THr BASE
CLOUD IN THE WIND TRACK DIRECTION (METERS)

x RADIUS OF THE ZER( DIAMETER PARVICLES IN THE BASE
DIRECTION PERPENDICULAR TO THE WIND TRACK DIRECTYION

(METERS)

= RADTUS OF THE ZERG DIAHETZIR PARTICLES IN THE BASE

CLOUD IN THE

YERTICAL DIRECTION (HETERS)

/ CINPTY 7 M(10), FH{1p5s CTC10), CPC102, CV(10), XB(10),

Y8(10}.,

I8(10), OGB(10}, FCH(10), ACV(10),

PHIBOG(10)
/ CINPTS / PAF, alPHA, CORAG, RHOA, ELEVG, TAIR, TLAPSE,
ALTIV, VWINp, 2LTH, PVH, PHIWDG

/7 CINTTG 7 RI(10).

RTI(10), RPI{10}, RVI(10), XKS(10),

/ CTIME / XCENYD, YCENYD,

FRC10), XKv{10}, RIQC10), HPOC10), SINPW, COSPW,
VW10, VWi10X, VHIGY, VWRYI(10), VWRVIX(i10),
YHRVIV(10), THMA3SD(10), THMASSC(10), FMAC, FMBC,
POWER, TDMAIN(10), TOBASE(10)

ICENTD, XCENTC, YCENTC,
RYD, RPO, Ry, 7L, BPC, RVC, RS, HS, RT, RP,
RV, XCEMNTG, YCENTO, ZCENTO, BXCNTD, AYCNTD,
BZCNTD, BXCNTC, BYCNYC, BZCNYIC, BRTD, BRPOD,
BRVD: BRYC: BRPC, BRVC, BXCNTO, BYCNTO, BICNYO,

ZCENTC,

B8R,

GRP,

BRv

DIMENSTON BSZ(6), BC2{(6): BCXy(6)
GATA BSZ / 0.90, 0.€3, 0,80, 0.76; 0.73, 0.67 /:
1 BCZ / 0.5675, 0,4266; 06,3588, 90,3282, 0,2093, ¢.1279 7/,

2 BCXY 7 30,, 22,5, 5.5 40, 7,5+ S, 7

3 8MR 7 3, /

Yy

HAIN CLOUD

RAD 7 57,296 /+

FIND THE RAGTIUS AND ALTITUUE pF THE IDEAL SPHERICZL BURBLE

R3 = SQRTy 2, & XKS(I¥} # T ¢ RICIWN) a%x 2 )
HS = RVI(IR) ¢ FR(I¥) # ( 28 . RI(Iw) }




P R UL e

i)

e

117
118
119
120
124
122
123
124
125
126
127
128
129
130
131
132
133
134
135
138
137
138
139
140
141
142
143
149
1as
146
147
148
149
150
151

“0 O3y [ Xalyl “ o

€60

LINIT RISE ALTYITUDE TO ALTITUpE OF INVERSION LAYER
IF( HS ,GT, ALTIV ) HS = ALTIY

FUR THIS TIME AND BURST, FIND THE CENYROID COORDINATES OF THE 2ERQ
DIAMETER PARTICLES

TH = AMAXIC 0,, T = TOMAIN(IN) )
XCENTO = XB(IW) + VNIOX » TM
YCENTO 3 YB(IW) + VYHIOY » TM
ZCENTO ® ZB(IW) ¢ HS

FIND THE RADII OF THE ZERQ OIAMETER PARTICLES IN THE WIND TRACK,
CROSS TRACK AND VERTICAL DIRECTIONS

RY = SQRT( 8, » XKV(IN) o T ¢ RTIO(IN) wa 2-)

RP = SQRT( B8, & XKV(IN) » T 4 RPO(IK) e 2}

RY = SGRT( 2. & XKVCIM) » T 4 RVI(IN) #a 2 )

BASE CLOUD .

TB = ANAXI( 0,0 T = TDBASE(IN) )
BXCNTY ‘= X8(IN) + VNRVIX{IW) « T8
BYCNTO = YB(IR) ¢ VHRVIY(IW) « 18
BZCNTO = 2B(IN) ¢ RVI(IN)

INDEX OF PASQUILL STABILITY CATEGORY

IPSF = IFIX(_PSF )

S » BSI(IPYF)

S1af,/8 .

PONER & 8 /7 ( 4, » 8 = 2, )

OIST ® VWRVICIN) » T

BRY % BHR » RTO(IN} ¢ BCXY(IPgF) » DIST / RAD
BRP = BMR » RPO(IN) ¢ BCXY(IPSF) » DIST / RAD
BRV = ( RYICIN) #= 81 # BCZ(IpSF) & DIST ) »s 8

RETURN
END

123

L
b Bt eh

Ly T T n

ot

iy m
s wm"uim—ﬂw;Jmmw ol bt ot bbbl b b ol B




-
LD e D 000 OB e

O
Lo~ OV

[V ]
-

IV, TR AR
[NV IR V)

d NN
b KO0~

el LA
£ e 2

(VR R RV
TcViow

TRV RC R
-

& L
[OTSTY

- - -]
[ RNV ]

L-]

Ir &
&

[P RV RV, RE RV T AT RV )
[ R XY R PR =

OO OO0OMAONOGOOOAMGAOGAANMAOOIOAOANONaN0OOaNNNNO: OO0

SURRQUTYINE TYIMECG( 7, IW, IDG )

THIS ROUTINE CALCULATES 4E GEOMETRIC PARAMETERS GF SIZE GROUP DG
AT TIME T FOR BURST NUMBER W

INPUTS FROM CALL STATEMENT

T = TIME AFTER BURST ($S)

Id = BURST HNUMBER

106 = NUMBER OF THE SIZE GROUp

INPUTS FROM CIRPT COMHON AREAS
RuN

s AMBIENT AIR OENSTTY &7 GROUND LEVEL (GM/CH3)
RHOD = SULX DENSITY OF THE LOFTED DUST GRAINS (GM/CM3)
RHOC .8 BULK DENSITY OF ftHt CAHAON PARTICLES (GH/CM3)
DGROUPCIDG) = MAXIMUN DYAHETUER OF THE PARTICLES IN THE 106G SIZE
GROUP (MICRONS)
28 (1W) = 2 CCORDINATE OF tHE GROUND SURFACE AT BURST [W
{HETERS} .

I%PUTS FROM CINITG COMHON
RICINY < INITIAL RADI''S QF THE EQUIVALENY SPHERICAL CLOUD FOR
. BURST NUMBER M (METERS)
RYI(Ir) = DUST CLOUD INITIAL RADIUS IN THE VERYICAL DIRECTION
. (HETERS)
¥¥8(1r} ® IDEAL SPHMERICAL CLOUD HORIZONYAL DIFFUSION CONSTANT
. (METERS2/8)
Freiv) s JDLCAL SPHERICAL TLOyD RI3E CONSTANY )
XKY{IH] 2 DUST CLUUD VERTICAL DIFFUSIGN COMSTANT (METERS2/8)
RTO(IH) = INITIAL RADIUS OF DuST CLOUD IN WIMD TRACK OIRECTION
+ {HETEQS)
RPO(id) 8 INITIAL RADIUS OF DUuST CLOUD IN WIND CTOSS TRACK
DIRECTION (HETERS)
SINPW 2 S14C OF THT WIND AZIPUTH ANGLE
COSPW = COSINE OF THE WIND AZIHUTH ANGLE
veio 2 WIND VELGLZITY AT 17 WETERS ALTITUDE (HETERS/S)
Y = WIND VELUCITY AT THE aLTITUDE OF THE INITIAL VERTICAL
RaDIUS OF BURST 1w (XETERZ/S)

T DELAY BEFOPs HORIZONTAL POTION DUE TO WIND FOR
THZ HAIN DUST CLOUS OF BURST IW (SECONDS)
TPGASE(IR) = TIKE BELAY BEFQREp HGRTIONTAL MOTINN ODUE TO WIND FOR

THE BASE DUST CLOUD OF BURST IW (SECONDS)

TOMAIN{IN) &

-

INPUTS FROM CTIME L£O4AMON

XCENTO s X [ODRDINAYE OF THE CENTROID FOR ZERQD DIAHETER
PARTICLES IN TAE MAIR CLOUD (HETERS)

YCENTO = Y CODORDIRAIE OF tHE CENYTROID FOR ZERD DIAMETER
PARTICLES IN ThiE HAIN CLOUD (METERS)

ICENTO £ 7 CGORDINAYE OF THE CENTEROID FOR ZENQ DIANETER
PARTICLES I¥ ThE MATn CLOUD (METZRS}

BXCHTO = X COCRCINATE OF THE CENTANID FOR ZERD DIAMETER
PRRTICLES IN THE 82Sf CLOUD (METERS)

BYTNTO s Y CODRDINATE OF tr. CENTROIOD FOR ZERDO DIAMETER
PARTICLES IN THE BASE CLOND (METERS)

BICNTO & I COBRDINATE OF THT CE=TROID FOR ZERO DIANETER
PARTICLES IN THE BASE CLOUD (METERS)Y

/S a RADIUS OF THE TOpAL SPHERICAL BUBBLE AT TIHE T

(#eTER%}

HS £ ALTITUDE ABOVE GrOUND LEVEL OF THE CENTER OF THE
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C
C
[
C
4
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C
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C
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[
C
c
c
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[
[
C
[
[
¢
c
c
C
[
[
¢
<
¢
C
[
c
[
c
C
<
[+
c
C
c
<.
c
C
[

RT
P

RV
BRY
BRP

BRY

IDEAL SPHERICAL gUBBLE (METERS)

RADIUS OF THE ZERD OIAMETER PARTICLES IN THE MWAIN
CLOUD IN THE WIND TRACK ODIRECTION (METERS)

RADIUS OF THE ZErO ODIAMETER PARTICLES IN THE MAIN
DIRECTION PERPENDICULAR TO THE WIND TRACK DIRECTION
(HETERS)

RADIUS OF THE Z2Ex0 DIAMETER PARVICLES IN THE MAIN
CLOUD IN THE VERTICAL DIRECTION (METERS)

RADIUS OF THE ZEpC DIAMETER PARTICLES IN THE BASE
CLOUD IN THE WIND TRACK DIRECTIUN (METERS)

RADIUS OF THE ZERC DIAMESER PARTICLES IN THE BASE
DIRECTION PERPENDICULAR 17 THE WIND TRACK DIRECTION
(METERS)

RADIUS OF THE ZEpO DIAMETER PARTICLES IN THE BASE
CLOUD IN THE VERTICAL DIRECTION (MEYERS)

OUTPUTS TO CTIME COMMON N
XCENTD = X COORDINATE OF THE ¢ENTROID FOR DUST PARTICLES (BOTH

YCENTD
ICENTD
XCENTC
YCENTC
ZCENTC
RTD

R?0

RVD
RYC

RPC

RvVC

BXCNTD

BYCNTD

BZCNTD

BXCNTC

BYCNTC

MODE A AND HODE 8) FpR THE MAIN CLOUD IN SIZE GROUP

106G FOR BURST NUMBER INW AT TINME ¥ (METERS)

Y COORDINATE OF THE cENTROID FOR DUST PARTICLES IN SIZE
GROUP IDG FOR BURST {W AT TIME T (METERS)

T CODRUINATE OF THE CENTROID FOR DUST PARTICLES IN SIZE
GROUP 10G FOR BURST yw AT TINE T (METERS)

X COORDINATE OF THE CENTROIO FOR CARBON PARTICLES IN SIZE
GROUP IDG FOR BURST W AT TIME T (METERS)

Y COORDINATE OF THE ¢ENTROID FOR CARBON PARTICLES IN SI2¢
GROUP IDG FOR DURSY W AT TINE T (METERS)

Z COORDINATE OF THE CENTROID FOR CARBON PARTICLES IN SIZE
GROUP IDG FOR BURST tW AT TIHE T (METERS)

RADTUS IN THE WIND TRACK DIRECYION FOR DUST PARTICLES IN
THE MAIN CLOUD IN SIZE GROUP IDG FOR BURST INW AT TIME T
(METERS)

RADIUS IN THE DIRECYION PERPENDICULAR TO WIND TRACK
DIRECTION £OR DUST PARTICLES IN SIZE GROUP 1DG FOR BURSY
IH AT TIME T (METERS)

RADIUS IN THE VERTICAL DIRECTION FOR DUST PARTICLES IN
SIZE GROUP IDG FOR ByRST 1W AT TIME T (METERS)

RADIUS IN THE WIND TRACK DIRECTION FOR CARBON PARTICLES
IN SIZE GROUP 10G FOR BURST IN AT TIME T (METERS)

RADIUS IN THE DIRECTION PERPENDICULAR TO THE WIND TRACK
DIRECTION FOR CARBON PARTICLES IN SIZE GROUP IDG FOR
BURST IW AT TIME T (METERS)

RADIUS IN THE VERTICal OIRECTYIOW FOR CARBON PARTICLES IN
SIZF GROUP 1DG FOR ByRST IW AT TIME T (METERS)

X CAORDINATE OF THE RASE CLOUD CENTRUID FOR DUST
PARTICLES (BOTH MODE A AND MODE B) FOR S1ZE GROUP IDG FOR
BURSY NUMBER IW AT TIME T (METERS)

Y COORDINATE OF THE gASE CLOUD CENTROID FOR DUST
PARTICLES FOR SIZE GROUP IDG FOR BURST IW AT TIME T
(HETERS)

I COORDINATE OF THF paSE CLOUD CENTROID FOR OUS?T
PARTICLES FOR SIZE GeOUP IDG FGR BURSY IN AT TIHE T
(METERS)

X COORDINATE OF THE RASE CLOUD CENTROID FOR CARRON
PARTICLES FOR SIZE GnOUP IDG FOR BURST IN AT TINE T
(METERS)

Y COORDINATE OF THE gASE CLOUD CENTROID FOR CARBON




118
19
120
121
122
123
124
125
126
127
128
129
130
131
132
13~
136
13¢5
136
137
138
{19
tuo
fui
a2
143
tua
tus
1as
a7y
1us
1cQ
154
1S;
152
153
154
155
156
187
1Sa
159
160
164
162
163
i6a
16S
ihe
157
thR

ite
171
172
17%
174

L R 150 m e

BZCNTC

BRTD

8RPD

8RVD

BRTC

BRPC

BRVC

FICICIMIMIMICIIMI IO AN IO an

COMMON
i

COMMON
COMBON

1
COMMON
ComMON

T w0

CoMnoN

VB ) e

[aT ol

YRISE

-1 ey

z

PARTICLES FOR $IZE GROUP 1DG FOR BURST IW AT TIME T
(METERS)

I CODRDINATE OF THE gASE CLOUD CENTROID FOR CARBON
PARTICLES FOR 8IZE GpOUP IDG FOR BURST Iw AT TIHE T
(HETERS}

RADIUS IN THE WIND TpA{ - DIRECTION FOR THE BASE CLUUD
DUST PARTILLES IN SIZE GROUP 10G FOR BURST Ie AT TIME ¥
(METERS)

RADIUS IN THE DIRECTION PERPENDICULAR YO THE HIND TRACK
ODIRECTION FOR THE BAgE CLOUD DUST PARTICLES IN SIZE GROUP
106 FOR BURST IW AT TIME T (HETERS)

RaDIUS IN THE VFRTICAL SIRECTION FOR THE BASE CLOUD DUST
PARTICLES Iw 3IZE GROUP ID3 FOR BURST IW AT TIME 7
(HMETERS)

RADIUS IN THE WIND YRACK UIRECTION FOR THE BASE CLOUD
CARBON PARTICLES IM gI7E GROUP IDG FOR BURST IW AT TIME T
{METERS)

RADIUS IN THE OIR.CTION PEPPEADICULAR TO THE WIND YRACK
OIRECTION FOF VHE BA4E CLOLG CARBON PARTICLES IN SIZE
GROUP IDG FOR BUPST yw» AT TIME T (METERS)

RADIGS IN THE VERTICal DIRECTION FOR THE BASE CLOUD
CARBOY PARTICLES IN gIZE GROUZ DG FOR BURST Ix AT TIHE Y
(MEYERS)

CINPTY 7 K 10). FH(lo}, CT{10}, CF(10}, CV(10), XxB(10},
YBe10), ZB(190), DUR{10), FCHM(10), ACV(10),
PHIBDG(1G)

CINPYQ / AHNOG, RHOD, PHOC, FH20., XLC, RMAB, RBASE

CINPTD / 58F, ALPHA, CORAG, RHOA, ELEVGs TAIR, TLAPSE,
LTIV, VYWING, ALTW, PYU, PHIHWDG

CINPTT? / OGROUP(30), TIng{25)

CINITG /7 2I¢10), RYI (10}, RPI(10Y, RVI(10), XK3(10},
FRC10), XKV¢10), RTO{1d), RPO(10), SINPH, COSPW,
YA10, Y¥I0X, VHi10Y, VHRVI(10), VHAVIX(:iD),
yRRVIY{iC , THMansSp(i0y, THMASSCC(10), FHAL, FMBC,
POWER, TOMARH(10), TDHASE{10)

CTIME 7 XCEMID, YCENYD, ZCENTD, XCENTC, YCENTC, 2CENTC,

RTD, HPD, RyH, aTL,s RPC, -RVC, RS, HS, RT, RP,
RY, X¢ NTO, YCENTS, 2CENTO, BXCNTD, BYCKRTD.
SICNTY: BXCuTC, BYCHTC, BICNYC, BRTD, BRPD,
BRVD, BRTC, RapC, BRYL, BXCNTO, BYCNTO, BICNTO,
8RT, B8RP, Ba/

FIND YNITIAL €LOUD RISE VELOCYTY,
FROINY & XKS8CIW) /7 Ri(I™)

CALCULATE TERKINAL VELGCITIES Fif OJST AHD CARBON PARTICLES

€3 w q8,87 7 { 7404 & OGROUS ({03} 3

VI0 2 1,E«2 & { SGRT( C3 ax 2 + 0.2982 & R%OL 2

1
VIC 5 §1.,E~2 & { 39RHTC C3 »xr 2

1

[N

Cib =
CiC =
Cehd s
a2t o

DGROUP(IDGY /
RitlA ) . €3 )
+ 3,2%42 = RHOC » O579UP(I0G) /
HHDA ) « 3 )

CALCULATE C1 AND €2 CONSTANTS FUR HORIZONTAL CENTRLID COOROINATES
1,E6 = RHOA
1.E6 « Bx0a
3.,258E5 7 { AHOD « DGROYPLIDS)
3,258E5 7

/7 { 3., * RHND * DGROUF(IDG)
/ {3, » RanC = DGROUP(IDG) )
#x 2 )

{ RGBT ~ DGRO, =% 2 )

{156}




175 c

176 c MAIN CLOUD CALCULATINNS

177 [

178 [+ FIND 7 COKPONENT OF CENTROIO FOR DUST AND CARBON

179 ICENTD 3 ZB(IW) 4 ( 2CENTO « 28(IN) ) »

180 1 C 1y « AMINIC 14y VYD 7 VRISE ) ) « VID » T

181 ZCENTC = ZB(IN) ¢ ( ZCENTO « 7B(IW) ) '3

182 1 C 1. = AMINIC 3,, VIC 7 VRISE ) ) « VIC & T

183 c

184 c CALCULATE DISTANCE THE SI12E GROUP HAS LAGGED BEHIND THE ZERD
185 H DIAMETER GROUP

186 OLAGO = O,

187 TH = AMAXI( 0,5 T « TOMAINCIN) )

188 IFC T™ ,LE, 0, ) GO TO &0

189 €4 = C1D » VWi0 /7 C20 _

190 IFC €20 « TH ,GT, 20, ) GO 70 10 .
194 OLAGD = { ALOGf € 1, #+ C3 ) # EXPC C2D # TM ) = €4 } = C20 & In )
192 t/7¢C10

193 60 10 20 .

194 10 OLAGD = ALOG( 1, ¢+ Ca ) 7 C1b

195 20 Ca 3 €1C » VWio 7 C2C

196 IF( C2C » TH ,GT, 20, } GO 10 30

197 DLAGE = ( ALOGC ( 1, ¢ CU ) % EXP{ C2C » TM ) = C4 ) = C2C » TN )
198 1t 7 cte

199 GU TD 490 )

200 30 DLAGC = ALOG( t, ¢ Ca ) / CiC

201 [

202 40 XCENTD = XCENTO ~ DLAGD # ©:INpu

203 YCERTD = YCENTO « DLAGD & COSpW

204 XCENTC = XCENTO = DLAGC » SINpH

205 YCENTC = YCENTO « DLAGC # COSpwW

206 ¢

207 C CALCULATE EFFECTIVE DIFFUSION COEFFICIENTS FOR THIS SI12E GROUP
208 VH2 = VW10 «# 2 ¢ VRISE an 2

209 XKVD = XKV(IW) / SORT( 16, » yID wa 2 ¢ VH2 ¢ 1, )

210 XKYC 2 XKV(IW) / SORT( 16, » VIC »% 2 7 VHZ + 1, )

211 c

232 c CALCULATE RADIUS OF SIZE GROUp IN VERTICAL, WIND T@ACK AND CROSS
213 c TRACK DIRECTIONS .

214 RVD = SORTC 2, & XKVD # T & RyI(IN) ae 2 )

215 RYC = SORT( 2, « XKVC & T ¢ RyICIN) #n 2 )

216 RTD 3 SORT( B, = KVD » T » RYO(Iw) % 2 )

217 RTC = SGRT( B8, » XKVC » T ¢ RYO(IN) ## 2 }

218 RPD = SQRT( 8, « XKVD & T ¢ R.O(IW) aw 2 )

219 RPC = SGRT( 8, & XKVC # T ¢ RpO(IW) #= 2 )

220 [

221 C AASE CLOUD CALCULATIONS

222 [

223 c CENTROID LOCATIQNS

224 (4 FIND 2 COMPONENT UF' CENTROIO FOR DUST AND CARBON

22s BICNTD = BICNTO = VTD # T

226 BIZCNTC = BZCNTO = VIC # T

227 [

228 c CALCULATE DISTANCE THE SIZE GROUP HAS LAGGED BEHIND THE ZEAD
229 [ DIAMETER GROUP

230 Ca = C10 » VNRVICIN) / C2D

2st DLAGC = O,

232 T8 = AMAXIC 0,, T = TOBASE(Iw} )

127




233

239
24¢

259
250

252
253
254
255
256
2587
278
259
260
261
262

© M

IF(C 18 ,LE, G,

)

G0 T0:80

IF( €20 = B 6T, 20, ) GO_TO 50

DLAGD
i 7C12

GO T 69

CALOGE ( 1, ¢ C4 ) » EXP( C2D # T8 ¥ = C4 ) ~ C20 » T8}

S0 DL:GD = ALOG( i1, + Ca J 7 CD
60 Cu 3 CIC * VHAVICIN) / C2C

IF¢ c2c » 18 .67, 2C, ) GO _TO 70

DLAGEC = ( ALOG!L (¢

1, + 8 )

2 VID =% 2

OLAGD
DLAGD
DLAGC
DLAGC

+ €3 Y « EXP( C2C » TB ) » €O ) = C2C « 18 )

cic

SINpH
COSpH
SINpNW
COSpw

AMAXT ( VARVI(IN} #2 2, 1, ) ¢ 1,
AMAYIC VRRVICIW) »2 2, 1, ) ¢ 1

DENCHD ae POHER
DENOMT =x PONER

/7 CiC
Gg 70 s8¢
DLAGC = &
SXCNID = BXCNTD =
BYCNTD 7 BYCNTD =
BXCNTC £ BYXINTO =
BYCNTC = BYCNTO =
RADI1 OF SIZE GROUP
DENOHD =
DENONCL = ‘& VTC
BRTD = BRT DENOHD
BRIC = BRT / DENOMC
BRPD = ARP 7 DENOMD
BRPC = BRP / DENDNC
BRYD = BRY
BRVC = BRY
RETURN

END
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SUBROUTINE PATH( Iw, IDG, IRY )}

THIS ROUTINE COMPUTES THE MASSES PENETRATED (GSM/CH2) ALONG THE
PATH BETMNEEN RECEIVER AND TRANSMITYER NUMBER IRT DUE TO EACH
MATERIAL ( MDDE A DUST, “DDE g DUST AND CARBON ) IN S1ZE GROUP
IDG FROM BURST IwW

INPUTS FROW CALL STYATEMENT

IN = BURST NUMBER

106G = S12€ GROUP NUMBER

IRT & RECEIVER « TRANSHITTER pAIR NUMBER

INPUTS FROH CINPT COMHMON AREAS

XR{IAT) = X CNORDINATE OF RECFIVER NUMBER IRT (NETERS)

YRUIRT) = Y COORDINATE OF RECFIVER NUNRER IRT (METERS;

ZR{IRT) = 7 COORDINATE OF RECEIYER NUMBER IRT (METERS)

XTCIRT) = X COORDINATE OF TRANSHITTER NUMBER IRT (METERS)

YT(IAT}) = Y COORDINATE OF TRANSMITTER NUMBER IRT (METERS)

ZTCIRT) = 7 COORDINATE UF TRANSMITTER NUMBER IRT (METERS)

FCH(IM) = FRACTION OF APPARENY CRATER HASS LOFTED FOR BURST I

ACV{IM) s APPARENT CRATER VOLYME SCALING FACTOR (M3/(LB TNT)i,111)

H{IN) t YIELD OF AURST IX (1 8 TINT)

ine = LOADING FACTOR FOR CANBNN ( RATIO OF THE NEIGHTY OF
CARRUON IN THE CLOUD TU THE YIELD MEIGHTY )

AKOD = RULK DENSITY OF SOIp (GM/CM3)

ARHNC * CARBUON DENSITY (Gu/(M3)

RAASE = RATIO OF THE MASS In THE BASE CLOUD TO THE NASS IN THE

MAIN CLOUD

INPUTS FROM CTYIVE Chusny

XCENTD = X CONRDINATE 0OF THE CENTRGID FQR DUST PARTICLES (ROTH
HODE A AND MODE 8) FpR THE HAIN CLOUD IN SIZE GROUP
106G FOR BURST NUMBER IW AT TIME T (METERS)

YCENTD = Y CODRDINATE OF THE cENTROID FOR DUST PARTICLES IN SIZE
GROUP ;DG FOR BURIT I¥ AT TIKE ¥ (HETERS)

ICENTO = 2 CODROINATE OF THE cENTROID FOR DUST PARTICLES IN SIZE
GROUP 106G FOR BURST I AT TYIME T (METERS)

XCENTC = X COQRDINATE OF THE cENTROID FOR CARBON PARTICLES IN SIZE
GROUP IDU FOR BUHST v AT TIKE T (HETEHS) ’

YCENTC = Y COURDINATE OF THE ENTROID FUR CARBON PARTICLES IN SIZE
GROUP IDG FOR BURST g AT TINE T (METERS)

ZCENTC = 7 COQROINATE OF THE cENTROIN FUR CARBQOY PARTICLES IN SIZE
SROUP IDG FOR BURST Jv AY TIKE T (METERS)

RYD & RADIUS IN THE WIND TRACK DIRECTION FOR DUST PARTICLES IN
THE #AIN CLOUD IN SI7E GROUP I0G FOR BURST Iw AT YIME T
(METERS)

RPD = RADIUS IN THE OIRECTION PERPENDICULAR TO WIND TRACK
SIRECTION FOR DUST PARTICLES TN SIZE GROUP 106G FOR BURST
IM AT TIME T (HETFRS»

RYVD * RADIUS IN THE VERTICAL OIRECTINN FOR DUSY PARTICLES iIN
SI2F GROUP IDG FOR BYRSY IN AT TIME T (METER3)

RTC 2 RADIUS IN THE WIND TpACLX ODIRECTION FOR CARBON PaRTICLES
IN S1ZE GROUP IDG FOp BURST IW AY TIME T (METERS)

RPC = RADIUS IN THE DIRECTION PERPENDICULAR TO THE NIND TRACK
OIRECTION FOR CARBON PARTICLES IN SIZE GROUP 1GC FOR
HURST I¥ AT TIME T (METERS)

RVC = H&DJUS IN THE VERTICaAL OTRECTION FOR CARBOX PARTICLES IN
$IZE GROUP TDG FOR BURST IW AT TIME T (METERS)
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59
69
61
62
63
.13
65
65
67
68
69
70
i

72
73
7a

-
.

k)
77
78
19
80

i
82
&3
84
85
13
87
88
89

9
92
93
8
95
9%
§7
e
Sy
10¢
104
102
103
ifq
1¢s
166
147
108
199
110
P R34
112
113
118
115
11¢
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BXCNTD & X CODRDINATE CF THE BASE CLOUD CENTROID FOR DUST
PARTICLES (BOTH HODE A ARD MODE B) FOR SiZE GROUP IDG FOR
BURST NUMBER IN AT TYHE T (RETERS)

BYCNTD & Y CODRDINATE OF YME pASE CLOUD CENTROID FOR DUSY
PARTICLES FOR SIZE GROUP IDG FOR BURST Im AT TIME T
{METERS)

BZCNTD = I COORDINATE OF THE aASE CLOUD CENTROID FOR DUST
PARTICLES FOR S1ZE GROUP IDG FOR BURST Iw AY TIME T
iHETERS)

BXCNTC ® X COORDINATE OF THE gASE CLGUD CENTROID #OR CARBDN
PARTICLES FOR SIZE GROUP IDSG FOR BURST IN AT TIME T
IMETERSY

BYCHYC = Y (OORDINATE OF THE giSE CLOUD CENTROID FOR CARBQM
PARTICLES FOR SIXZE GROUP IDG FOR BURST I¥ AT TIME T
{HETERS)

SICNTC = Z COORDINATE OF THE gASE CLOUD CENTROID FOR CARBON
PARTICLES FOR SIZE GROUP IDE FOR BURST IM AT TIME ¥
_{METENRS)

3RTD = 2aADIUS IN THE ¥IND TRATK OIRECTION FOR THE BSASE CLOUD
DUSY PAPTICLES IN SIZE GROUP IDG FOR BURST I AT TIME 7
{METERS)

8RPD © RADIUS I THE DIRETYION PERPENDICULAR TO THE WIND TRACK
OIRECTION FGR THE BAgE CLOUD TUST PARTICLES IN SIZE GRDUP
I0G FOR BURST 1% AT YIHE T (METERS)

BRVD x RADIUS IK THE YERTICiL OIRECTION FOR THE BASE CLOUD DUST
£3RTICLES IN SIZE GRGUP IDG FOR BURST IW AT TIME T
{#ETERS)

BRTC & RADIUS IN THE ®IND TpaACKk DIRECTION FOR THE BASE CLOUD
CARBON PARTTCLES IN glIE GROUP IDG FOR BURST Iw AT TINE 7
{METERS) _

garg = RADIUS IN THE GIRECT;ON PERPENODICULAR TU THE WIND TRACK
DIRECTION FOR THE BASE CLOUD CARBON PARTICLES IN SIZ2E
CROUP 106 FOR BURST ¥ AT TIHE T {METERS)

8RVC £ RADIUS IR THE YERTICalL DIRECTION FOR THE BASE CLOUD
CARBON PARTICLES IN §1ZE GROUP IDG FGR BURSY IW AT TIME T
{METERS)

INPUTS FROM CINITG CoMMgM

FMAL & FRACTION GF Mal: CLrUD DUST MASS IN MDODE A PARTICLES

FMEC ® FRACTION OF MAIN CLQUD DUST ¥aASS IN KODE 8 P RTICLES

THASSD{IN} = TOTAL INITIAL DUST Ma8S LOFTED IN MAIN CLOUD OF BURSY
% (GH}

TRASSC(IN) = YOTAL 3INIVIAL Cf (BC4 44535 LOFTED IN MAIN CLUUD OF
BURST Iw (5%} ’

INPUTS =noH CPERP COMMON

FMACTS = MASS FRACTION FOR SIZE GROUP I FOR WODE A oUST
PARTICLES ¢ RATIO GF WASS GOF PARTICLES I¥ 812€ GROUP 1
TD TOTAL HaSS IN GISTRIARUTION )

FMB(I} & M55 FRACTION FOR SIZE GROUP I FOR MODE B DUST
BIRTICLES

FRC(1} = HASS FRACTION FOR 3IZ¢ GROUP I FOR CARBON PARTICLES

CHUZA{T,J) 3 MASS EXTINCTION cOSFFICIENT FGR SIZE GROUP 1 AT
NAVELZHSTH J FOR MODS A GUST PARTICLES (CM2/GM)

CHUEB(I,J} = MASS EXTINCTION cOEFFICIENT FOR SIZE GROUP 1 AT
RAVELENGTH J FOR_MOCT & SUST PARTICLES (CH2/GH)

CTMUSC(I.J) = HASS EXTINCTION COEFFICITNY FOR SIZE GROUP T AT
WAVELEKGTH J FOR CARBON PARTICLES (CMZ/GH)
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OUTPUTS TO CPATH COMKON

PMASSE = MASS PENETRATED ALONG THE PATH BETMEEN RECEIVER AND
TRANSHMITTER NUMBER IRT ODUE TO MODE A DUST PARTICLES IN
$I1ZE GROUP IDG IN THE HAIN CLOGUD OF BURST IW (GM/CM2)

PHASSE = MODE 8 OUSY PARTICLE MASS PENETRATEGC (GM/CH2)

PHMASSC = CARBON PARTICLE MASS PENETRATED (GM/INM2)

BPMASA = HASS PENETRATED ALONg THE PATH BETHEEN RECEIVER AND
TRANSMITTER NUMBER IRT DUE TU MDDE A UUST PARTICLES IN
SIZ2E SACLP 106 % THE BASE CLOUD OF BURST IN (GM/CNM2)

BPMASE = MODE 8 DUST PARTICLE MASS PENETRATED (GM/CM2}

RPHASC = CARBON PARTILLE HMASS PENETRATED (GH/CM2)

GHASSA = MASS OF MODE A OUST PARTICLES IN SIZE GROUP 106 IN
TRE MAIN CLOUD OF BURST I (GH)

GuUASSE £ MRS OF MODE B DUST paRTICLLES N SIZE GRUUP 1056 IV
THE MAN CLOUD OF BURST I (g™}

GMASSC = ¥ASS OF CARBON PARTICLES IN SI2E GROUP IDG FROM BURSY Iw
IN THE HAIN CLOUD OF BURST 1x (GN)

BGMASA = MASS OF KODE A DUST pARTICLES IN SIZE GROUP IDG IN
THE BASE CLOUD OF BURST IN (GM3

BGHASS = MASS OF MODE 8 OUST pARTICLES IN SIZE GROUP IDG IN
THE BASE CLOUD OF BURST I (GM)

CMASSC = MASS OF CARBON PARTICLES IN SIZZ GRGUP IDC FROs BURST IN
IN THE BASE CLOUD OF BURST In (GM)

OO N OO0 CON

182 COMMON /7 CPGRP 7 FNA(S0), FRE(50), FNC(S0), FHA(S0), FMB(S0},
133 1 FRC(50), PNCR(S50), PNGB(S0), PNCC(S50),
163 2 CHUSA(50,510), CHUSBISO0,10), CHMUSC(SO,10),
1as 3 CHUEA(S0,10), CHMUEB(S0,10), CHUEC(SO,10),
: tas q CHUBA(SO0,10), CHUBB(50,10), CHUBC(S50,10) .
= 147 COMMON 7 CINPTY /7 %(10), FH(1g), CYf10), CH(10), CV(10), XB{10),
- 148 H Y8(10), 7B(103, COB(10), FCM(10), ACV{10),
ia9 - 2 PHIBDG(10)
150 COMNON 7 CINPT2 7 FREC(10), X{AHDAL10), XT(10), YT(10), ZT(310),
154 H XR(10), YR{§03, ZIRC10)
152 ConMoN 7 CINPT&® 7 RHOG, RHOD, RHOC., FHZU» XLC, RMAB, RBASE
i53 COMKON 7 CTIME / XCENTD, YCENTD, ZCENTD, XCENTC, YCENTC, ICENTC,
ise 1 RID, RPD, RyDs RYC, RPC, RVC, RS, HS, RT, RP;
158 2 PV, XCENTO, YCENTO, 2CENTO, BXCNTD, BYCNTD,
156 3 B2CNTD, BXCNTIC, BYCNTC, BZCNTC, BRTDs, BRPD,
187 4 B8RAVD, BRYC, BRPL, BRVC, BXCNTO., BYCNTO, BZCNTI,
158 5 BRT, BRP, RAV

159 CoMMON 7 CINITG 7 RIC10), RTI(10}, RPI{10), RVI(12), XXS$(10)},

160 1 FRC10), XXv(10), RTO(10), RPO(10), SINPW, COSPN,
16% 2 VK10, VWIOX, VWIO0Y, YNRVI(1O3, VRAVIX(10),

162 3 VHRVIY(10), THMAS.D(10), THASSC(10), FMAC, FHMBC,
163 q POKER, TOMAIN{10), TOBASE(10)

164 COMMON 7 CPATH 7/ PHMASSA, PMAS3B, PHASSC, GMAS3A, 3SMASSB, CMASSC
165 1 s BPMASA, BPMAS®; BFMASC, BCMASA, BGMASB, BGMASC

166 [

167 c SET VALUE OF RATIQO OF GROUP $12E RADIUS TG GROUP STANDARD
1% [ DEVIATION

169 DATA CR 7 2,15 /

170 <

171 DIKENSION VECR(3), VECT(3), VECCEN(3), VECTCN(I), VECTR(3),
172 1 VECBTR(3), VECINT(3), VECIC(})

173
178

on

CHECX IF RECEIVER » TRANSNIYTER LOCATIONS FOR THIS FREQUENCY ARE

RN gy




THE Sa4E 23 FOR THE PREVIOUS CALCULATION, IF THE SAME, SXIP THE

176 ¢ PATH INTEGRATION

177 IFC IRT ,EG, 1t ) GO 7O 30

178 IRT1 = IRT = § . ;

179 1F¢ XRCIRT} _NE, XR{IAT1} ,OR] YR(IRT} NE, YR(IRTY) +OR,

180 1 IACIRT; ME, ZR{IHT1} ) 6n TUO 3¢ =
181 IF( XT(IRT) _HE, XT{IRT1} ,OR_ YTLIRT) _HE, YTCIRTI1) .OR.

182 H ZTLIRTY LnE, 27{IRT1} ) Gn TD 30

133 GO 70 200

Lu X ]

isT
ity

% SECEIVER AND TRANSNMITTER LGCITIONS

i93 C LODP QVER THE ~ATERIALS ¥ITH nIFFERENT DENSITIES
193 90 196 Ip =1, 2
195 IFl T0 JEG. 27) 55 15 35

o
197 T BATERIAL IS DUST
192 ¢ ChECK IF SIZE GROUP MAS INSISNIFTC2NT PROPAGATION EFFECT
199 PHASSN = 0,
209 BPMASN = 0, .
201 IFC CHUEALIDG, IRT) (EQ, 9. .AnD. CHUEB(IDG,IRT} .EQ., 0. )GO TO 170
202 G0 tg 40

203 <

204 [ HATERIAL I3 CiR3DN, CHECK IF C4ARSON DENSITY I3 YHE SAME AS THE
205 C DUST DENSITY, IF THE DENSITIEg ARE TRE SAME USE THE PREVIOUSLY
206 c CALCULATED DusT NORMALIZED MAgS SENETRATED VALUES(IFf NONZERD)
207 35 IF{ RuGl LEQ, RHOD ,AND, AMAX;{ PHASSN, BPMASH ) NE. 0, 3

208 1 63 10 150

209 C -

210 C CHECK IF SIZE-“DROUP =AS INSIGNIFICANTY PROPAGATIGN CFFECT

24t PMASSN T O,

212 APMASN = 0,

213 IF{ CHUECCIDS . IRY) LEQ. O, : &0 TO 142

214 c h

215 [ FINSTY FIND THE MASS PENETR/TIp FoR THE MAIN CLOUD, THEN FOR THE
216 4 RASE CLlup

217 A3 09 160 ICLOUD = 3, 2

21n C

219 C SEY YALUES FUs PARTICLE RADI1 A%D CENTROID LOCATIONS

220 IFC fo €6, 2 ) GO0 T So

22t

[ o]

222 SEY Tuz DUST PAPRATETERS FOR pATW INTEQRATION
223 IFf ICL0Up B3, 2 3 60 10 &S
22a

ey

22% HAIN CLOUD

226 RVCEX = RVD

227 PICEN = RT

228 RPCEN = APD

229 VECCEN(1) = XCENTD
230 VELCEN(2) = YCENID
234 VECCES(3) = ICENTD
232 60 Tn 60

i

wl"«

132 22
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238
236
2Ty
218
239
280
2ay
2az
2483
2ag
24aS
246
28R
249
239
251
252
253
2%a
255
256
257
258
259
280
261
262
263
2683
265
266
267
268
269
270
273
2712
272
274
F-24-]
27le
27
218
2719
250
251
282
283
285
285
285
287
288
289
299

[a K5

(2 XuYal [aNxXe Xyl [aXa] Cr ey

(2 Nulal

[aXaRal

BASE cLOUD

&5 QVCEN = BRvVp

RYCEN = BRTD

APCEN = BRPD
VZCCIN(1) = BXCHID
VECCEN(2) = BYCNTD
VECCEN{3) = BZCNTD
60 10 690

SEY THE CARBON PARARETERS FOR THE PATH INTEGRATION

S0 IF( FCLOUS LEQ. 2 ) 60 10 S5

sty CLOUD

RYCEN = RVC

RTICEN s RTC

RPCEN s RPC
VECCEN(3) = XCENTC
VECCEN(2) = YLENTC
VECCEN(3) x ZCENTC
GU 10 &0 )

BASE CLOY.

SS RVCEN 3 BRYC

RICEN = BRTC
APCEN = BRPL
VECCENC(1) = BXCNTC
VECCEN(2) = BYCNTL
VECCEN{3) = BIONTC

QEY SAUSSIAN STAHDARD OEVIATIGNS, SEY CAUSSIAN GENSITY CALTULATION
CONSTANT

60 AT&HT = RICEN 7 CR

SYANP = RPCEN 7 (R
STANY = RYCEN 7 CR
3TAN & AMAXIY STANT: STANP ) <
COMSYL = &,3853939E=3 / ( STANT o STANP » STANV )

FIND THE POINT OF CLOSEST APPROACH UF THE PATH T0 THE CENTROID
LUlATION

CALL SUBVEC{ VECT, VEGCEN, VELTCN

$ALL SuBYEZ({ VFLCT, YECR, VECTIR )

CALL DOTVEC( VECTR, VECTR, TRz )

CALL DOTVEC{ VECTCNs VECTRe TCTIR )

RETA = TCIR ¢ T2

CHECK IF Group CENYRGID IS MOgE 7U°AN S 31aNDARD DEVIATIONS FROM
THE POTNT uF CLOSEST APPROACH, IF 1T IS8, SkIP INTEGAATION

CALL DOTVEC{ ¥ECTCN, VECTCN, pTCN2 )

DCP = SORT! DTINZ « TRZ » BETA =e 2 )

IF{ 0CP 7 STAN 6T, S, ) 6C Tp 160

IF POINT 0F CLOSEST APPROACH 13 QUTSIOE ENDPOINTS OF PATH
INTEGRATION, SEY TO NEAREST PATH ZNDPOINT

1F{ BETA .Y, 0, ) BETS = O,

IFC BETA LCT, 1, » BETA = §,

Ly
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291
292
293
294
295
296
2¢7
298
299
300
3g:
302
303
363
305
Mos
307
3aa
369
3i0

383

31y
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INTEGRATION STRATEGY ~ START AT PDINT OF CLOSEST APPROACH, -
INTEGRATE FORmARD 10 THT FI82y EZKOPOINT, THEN BACLKHAFDS TU THE
SECORD ENDPOINT, STOP INTEGPATICN [F DISTANCE FROM INTEGRATION
PGINT TU G5GUP CENTRGID POISNT EXCEEDS 5 STANDARD DEVIATIONS

RE USE & SIuPSCHS RULE INTEGRATION WITH STEP SIZES OF A80UY 0,2
OF THE LARSEST OF THE THREE GAUSSIAN STANDARD DEYIATIONS

FIND TOTAL DATH LENGYH BETWEE: RECEIVER AND TRANSHITTER
CALL OSYVECC vECT, VECR, DRT 3

INTEGRATE FOINARDS AND BACKWARDS FARGM POINS OF CLOSESYT APPROACH
B0 196 INT = 3, 2
1€¢ InT JEG, 2 3 60 TQ 7O

FORwARD INTIGRATION SEGMENT, INTESRATE FROM CLOSESY APPROACH POINT
TG RECEIVE~

JET 31EP 3izf

DIf = £3T = ( §, ~ BETA )

N3TEP © IFIX{ 5, 2 DIR /7 5Tam :

GBETE = { 1, - BEVR )y / FLGAT{ u37EP ) _
IF{ RSICP E2, © 3 €5 T 176

IF( MDDE NSTES. 2 % EQ, | ) NSTEP = ANSTEP +

56 TG D

SELQHD HEIFT gF
APo3nalH 16 T8
H7T 3 ORT = H
KT fEP = IFi& 5, = O
IF{ ASTEP [£-, 0 } GO

TI0%, InTIERATE Fagw POINT OF CLOSESY

150
Sy
RETA

e 0 "

D0 120 JSTEP =z 1, NSTEP
BITAT = BETar 3+ DBETa

FIup VECT
CALL “iui

CALL 435

FIND DRQJESTIO: THE A0M THE CENTROIS 7o THRE
INTEGRLTIDN PGINY IN THE £ROSS TRACK, AND ¥YERTICAL

DIRECTIONS
CALL 2u8VECH

2angy =
PRIT3T % [ 1.1
Bu ,iF = SINPW

ION POINT YO CENIR(ID IS ®ORE TuAx
SICP THIS PURYIGHN OF THE INTEGRATION
en 2 4 1 PENJP 7 STANE ) #¢ 2
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349
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154
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317
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379
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387
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90

100

110
120

130

135

140

148

150
160

170

ASSUMING UMIT MASS IN THE SIZg GROU®, CALCULATE EXPONENT FACTOR
OF THE GAUSSIAN DENSITY AT THE INTEGRATION POINT
EXPF = EXP( = SODEV )}

IFC ISTEP JEN, NSTEP ) GO TO ¢0
G0 Tn¢ 90, 100, 110 ), IGQ

SUM © SUM & EXPF

160 & 2

GO 10 120

SUM ¥ SUM 4 4, » EXPF

150 = 3%

Gg 10 120

SUM = SUM ¢ 2, » EXPF

160 = 2

CONTINUE

THIS PHASE OF INTEGRATION CUMPLETED, SET CONTRIBUTION
IF( INT LEQ, 2 ) C" YO 140

SEY NQRMALIZED PENETRATED MASS ( GM / CM2 ) CONTRIBUTION FPOM
FIRSY INTEGRATION

1F( I6L0U0 ,EQ, 2 ) GO TO 13%

PHASSN = 100, = SUM * CONSTI o DRETA « DRY /7 3,

G0 Y0 (S0

BPHASN = 100, » SUM « CONSTI o DBETA % DRT 7/ 3,

GO TO 150

ADD NORMALIZED PENETRATED MASg CONTRIBUTION FROM SECOND HALF OF
PATH INTEGRATION

IF( 1CLOUD ,EQ, 2 ) GO 10 145

PMASSN u PHASSN « 100, = SUM o CONSTI » DBETA = DRY / 3,

50 10 150 ]

GPMASN = BPMASN = 100, = SUM o CONSYI » DBETA » DRT / 3,

CONTINUE
CONTINUE

NQRMALIZED PENETRATED MASS INTEGRATION COMPLETED
I#0 10 ,EQ, 2 ¥ GO TO 180

COMPUTE MAIN CLOUD DUST MASSEs IN SIZE GROUP
GHASSA = FM.C o THAGSD(IN) » gMA(JDG)
GMASSB = FMRC & TMASSD(IWN) » pMB(iDY)

COMPUTE THE ACTUAL MAIN CLOUD DUST PASS PENETRATED FOR THIS SIZE
GROUP

PHASIA = GHASSA & PMASIN

PHASSB 3 GMASSB * PMASSN

CORPUTE DUST MASS PARAMETERS pOR THE BASE CLOUD
BGMASA = RB4SE » GHASSA

AGMASE = RALSE « GMASSS

BPMA3A =z BGMASA « BPMASN

BPMASB = BGHASB * BPRASN

60 10 190

COMPUTE MAIN CLOUD CARBON MASS IN GROUP
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407
a8
409
450
ay
432
413
a1s
415
41s

€53
€1g
&29

fu Ryl [ Ea¥al

[y}

180 GMASSC = FMC(IDG) » THASSC(INW}

19¢c

2¢0

COMPUTE ACTUAL MAIN CLOUD CARBON MASS PENETRAVED FOR THIS SIZE

GrRaUP
PMASSC = GMASSC » PMASSN

COMPUTE CARBON MASS PARAMETERS FOR THE BASE CLOUD

BGMASC = RBAIC « GMASSC
BPMASC = BGMASC » BPMASN

ConNTTIvuE

RETUPN
END
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SUBROUTINE OEPTH( T, IW, 10G, IRT )

THIS ROUTINE CALCULATES THE OpTICAL DUPTHS FOR EXTINCTION,

SCATTERING AND ABSORPTION FOR_THE GIVEN TIKE, BURST, SIZE GROUP,
AND RECEIVER « TRANSMITTER PATH, THIS ROUTINE ALSO WRITES GUT THE

DETAILED AND SUMMARY TIHE DEPENDENT RESULYS

INPUTS FROM CALL STATEMENY
A\ = TIKE AFTER BURST (S)

i

IRT

INPUTS FROM C
N+

KDG
NRT
#PROB
IPRINT

FREQ(IRY) =

XULANDA(
XTCIRT)
YTCIRT)
2T.IRT)
XRCIRT)
YR{IRT}
ZR{IRT)
INPUYS

PMASSA

PMASSE
PMASSC
GMASSA
GMASSB
GMASSC
INPUTS
CMUSA(1
cHusB(1
cMusc(r
CMUEA(1
CHMUER(]
CHUEC (Y

IRT)=

= BURST NUMBER
766 s SIZE GROUP NUMBER
s TRANSMITTER « RECEIVER pAIR NUHBER

INPT COMHON AREA4

NUMBER OF BURSTS

NUMBER OF PARTICLE DIAMETER SIZE GROUPS

NUMBER OF TRANSMITTER = RECEIVER PAIRS

HUMBER OF THE PRESENY CASE BEING CALCULATED
PRINT CONTROL OPTION (0 = PRINT DETAILS OF PriH
INTEGRATION, 1 = PRINT ONLY SUMMARY OF THE PATH
INTEGRATION)

FREQUENCY OF YTRANSMITTER = RECEIVER PAIR IRT (GHZ)

WAVELENGTH OF TRANSMITTER = RECEIVER PALIR IRY
(MICRONS)

X COORDINATE OF TRANSMITIER IRT (METERS;

Y COORDIMATE OF TRANSMITYER IRV (METERS)

Z COORDINATE OF TRANSHMITTER IRT (METEPS)

X COORDINATE OF RECEIVER IRY (METVERS)

Y COORDINATE OF AECEIVER IRT (METERS)

1 COORDINATE OF RECEIVER IRT (METERS)

FROM CPATH COMMON
®t 4AS3 PENETHATED ALONG THE PATH BETHEEN RECEIVER AND

TRANSMITTER NUMBER IpT ODUE 1O MODE A DUST PARTICLES IN

31Z& GROUP 10G FROM BURST IN (GM/CM2)
= HODE B DUST PARTICLE MASS PENETRATED (GM/CHM2)
s CARBON PARTICLE KASS PENETRATED (GM/CHZ)

t MATS OF MODE A DUST pARTICLES IN SIZE GROUP IDG AT TIME

T DUE TO BURSY IW (Gu)

& MASS OF MODE R DUST pARTICLES IN SIZE GROUP 106G AT TIME

T OUE TO BURSTY IW (Gn)

® MASS OF CARBON PARTICLES IN SIZE GROUP IDG AT TIME T DUE

TO BURST IW (GM}

FROM CPGRP COMMON

) =
J) =
J) =
¢J) =
') 2
¢J) =

MASS SCATTERING ¢OEFFICIENT FOR SIZE GROUP 1 AT
WAVELENGTH J FOR_MODE A ODUST PARTICLES (CM2/GM)
HASS SCATTERING cOEFFICIENT FOR SIZE GROUP 1 AT
WAVELENGTH J FOR MODE 8 DUST PARTICLES (CM2/GM)
MASS SCATTERING cOEFFICIENY FOR SIZE GROUP 1 AT
WAVELENGTH J FOR CARBON PARTICLES (LHZ2/GNH)

MASS EXTINCTION ¢OEFFICIENT FOR SIZE GROUP 1 AT
WAVELENGTH J FOR_MOUDE A DUST PARTICLES (CM2/GM)
MASS EXTINCTION cOEFFICIENT FOR SIZE GROUP 1 AY
WAVELENGTH J FOR MODE 8 DUST BARTICLES (CM2/GNM)
HASS EXYINCTION cOEFFICIENT FOR SIZE GROUP I AY
WAVELENGTH J FOR CARBON PARTICLES (CHM2/GM)
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M o sy

100
161
102
103
105
105
106
107
108
109
110
11
112
113
11g
tis
t1s

[+
c
C
[
c
C
c
C
C
[
[
c
c
[
[
C
[
C
c
<
[
[
c
[4
[
c
c
[
c
[
c

c
[
C
C

[

C

c
[
c
c
[
c
c

[
[

C

[

[

¢
[

C

c

INPUTS
XCENTO

YCENTOD
TCENTO
XCENTC
YOENTC
2ZCENTC
RTD

RPD

RYD
RTC
RPC

RVC

AXCNTD

BYCNTD

8ZCNTD

BXCNTC

8YCNTC

RICNTC

8HTO

8RPD

BRVD

BRTIC

FROM CYIM. COMMON (USEp ONLY FOR PRINTING DETAILED RESULTS)

® X COORDINATE DF THE ¢ENTROID FOR DUST PARTICLES ({BOTH
HODE A AND HODE 85 FOR THE MAIN CLOUD IN SIZE GROUP
106G FOR BURSY NUMBER IN AT TIME T (MEYERS)

% Y COOFDINATE OF THE CENTROID FOR DUST PARTICLES IN SIZE
GROUP 1DG FOR BURST N AT TIME T (METER3)

3 7 COORDINATE OF THE CENTROID FOR DUSY PARTICLES IN 811k
GROUP 10G FOR BURST JW AT YIME T (METERS)

=

= X COORDINATE JF THE CENTROID FOR CARBON PARTICLES IN SIZE 3
GROUP 10G FOR BURSY W AT TINE T (METERS) b
¥ Y COORDINATE OF THE CENTROIO FOP CARBON PARTICLES IN SIZE E
GROUP IDG FOR BURST IN AT TIRE T (HETERS) E
* I COORDINATE OF THE CENTRGIO FOR CARBON PARTICLES IN SIZE - |
GROUP IDG FOR BURST IW AT TIME T (METERS) e

® RADIUS IN THE WIND TRACK DIRECTION FOR DUST PARTICLES IN ;
THE MAIN CLOUD IN SIZE GROUP IDC FOR BURST IN AT TIME T |
(METERS) =

= RARTUS IN THE DIRECTION PERPENDICULAR TO KIND TRACK %
DIRECTION FOR pUST PARTICLES IM SIZE GROUP 106 FOR BURST E
IW AT TIHE T (METERS) z

® RADIUS IN THE VERTICAL DIRECTION FOR DUST PARTICLES IN H
SIZE GROUP IDG FGR BURST IW AT TIME T (METERS) k|
= RADIUS IN THE WInD TRaCX DIRECTION FOR CARBON PARTICLES E
IN 8IZE GROUP IDG FOR BURST Iw AT TIME T (METERS) =z

® R:DIUS IN THE DIRECTIOF PERPENDICULAR TO THE WIND TRACK E

DIRECTION FOR CARBON PAR({CLES IN SI2E GROUP 1DG FOR
BURSY IW AT TIME ¥ (4ETERS)

2 RADYUS IN THE VERTICaAL NDIRECTION FOR CARBON PARTICLES IN
SIZE CROUP 106G FOR BYURST IW AT YIME 1 (METERS)

= X COORDINATE DF THE pASE CLOUD CENTRGID FOR DUST
PARTICLES (BOTH MODE A AND MODE B) FOR SIZE GROUP 106 FOR
BURST NUMBER IW AT TIME T (METERS)

= Y COORDINATE DF THE BASE CLOUD CENTROID FOR DUST
PARTICLES FOR SIZE GROUP }DG FOR BURST IR 7 TIME T

il

(METERS) -
3 7 COORDINATE OF 1:% p.%E CLOUD CENTROID FOR DUST

PERTICLES FOR SIZE GRIUP IDG FOR BURST IW AT TIKE T E

(METERS? E

8 X CNCRDINATE OF THE pASE
PARTICLES FOR SIZE GROUP
(METERSY

= Y COORDINATE OF THE gASE
PARTICLES FOR $12€ GrOUP
(MEYERS)

® 2 COORDINATE OF THE gaSE
PARTICLES FOR SYZIE GpOUP
(METERS)

= RADIUS IN THE WIND TgiCK

(METERS)

= RADIUS IN THE DIRECTYION PERPENDICULAR TO THE WIND TRACK

CLAUD TENTROID FOR CARBON
106G FOR BURST I AT TIME T

CLOUD CENTROID FOR CARBON
I0G FOR BURSY I¥ AT TIME T

€LOUD CENTROID FQR CARBON
IpS FOR BURSTY I AT TIME T

DIRECTION FUR THE BASE CLOUD
DUST PARTICLES I* SIFE GROUP 10G FUR BURST Iw AT TIME 71

I

i

b

= RADIUS IN THE YERTICAL DIRECTION FOR THE BASE CLOUD puUST

S RADIUS IN THE ®IND TpaCK DIRECTION FUR THE BASE CLOUD

OIRECTION FOR THE BASE CLOUD DUST PARTICLES IN BIIZE GPROUP -5
I0G FOR BURST IW AT YIME T (METERS)

PARTICLES IN SIZE GROUP I0G FOR BURST IW AT TIME T
(PETERS?

CARBON PARTICLES IN gIZE GROUP Ip6G FODR BURSY Iw AT VIME T
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(METERS)

BRPC s RADIUS IN THE DIRECTION PERPENDICULAR TO THE WIND TRACK
DTRECTION FOR THE BAgE CLOUD CARBON PARTICLES IN 3IZE
GROQUP IDG FNR BURST W AT TIME T (METERS)

8RVC s RADIUS IN THE VERTICaL DIRECTION FOR THE BASE CLOUD
CARBON PARTICLES IN S$IZE GROUP IDG FOR BURST IN AT TIKWE Y
(METERY)

ouTPUTS

TAUEA = OPTICAL DEPTH FOR EXTINCTION AT TIME T ALONG PATH BETHEEN
TRANSMITTER « RECEIVER IRT OUE 10 HODE A DUST PARTICLES IN
81Z€ GROUP IDG GENERATED B8Y BURST Iw

TAUEB = OPTICAL DEPTH FOR EXVINCTION DUE TO MODE B8 DUST PARTICLES
TAUEC 3 UPTICAL DEPTH FOR FXTINCTION DUE TO CARRON PARTICLES
TAUSA =z OPTICAL DEPTH FOR SCATTERING DUE TO “UDE A DUST PARTICLES
TAU3SR = OPTICAL DEPTH FOP SCATTERING DUE TO MUDE B OUST PARTICLES
TAUSC = OPTICAL OEPTH FOR SCATTERING DUE TO CARMON PARTICLEY
TAUAL =z OPTICAL DEPTH FOR ARSHHPTION pUE 7O HODE A OUST PARTICLES
TAUAB = OPTICAL DEPTH FQOR ABSQRPTION DUE TO MODE B DUST PARTICLES
=

TAUAC OPYICAL DEPTH FOR ABSORPTION ODUE 7O CARBON PARTICLES

QUTPUTS TO COEPTH COMMCON

TAUEW(IW,IRT) = TOTAL EXTINCTION OPTICAL DEPTH ALONG PATH IRT DUE
B TO ALL SIZE GROUPS AND MATERIALS FROM BURST Iw

TAUSW(IW,IRT) & YOTAL SCATYERING OPTICAL DEPTH OUE TO BURSY Iw

TAUAW(IN,IRT) = TOTAL ABSORPTION OPTICAL DEPTH DUE TO BURST IW

TAUE(IRT) ® TOTAL EXTINCTION OPTICAL DEPTH ALONG PATH IRY DUE
. TO ALL HATERIALS IN ALL 3;2€ GROUPS AND ALL BURSTS

TAUS(IRT} s TOTAL SCATTERING OPTICAL DE3TH

TAUACIRT) = TOTAL ABSORPYION OPTICAL I°Th

COMMDN 7/ CINPT2 7 FREQ(30), XL AMDA(10), XT(§0), YT(10), 2710},

1 XR(10), YR{40), ZR(10)

COMMON /7 CINPT6 / NW, NDG, NRy, NTIME, NPROd, IFRINT

COMMON /7 CPGRP / FNA(SO), FNB(S0), FNC(S0), FHA(SO), FMB(SO),
FHC (50}, PNGA(SO0), PNGB(S50), PNGC(30),
CMUSA(50,10), CHUSB(SO0,10), CMUSC(S0,30),
CHUEA(S50,10), CMUEB(S50,10), CMUEC(S0,10),
CMUBA(SO0,10), CMUBB(S0,10), CMUBC(S0,10)

COMNON / CTIME / XCENTD, YCENTYD, ZCENTD, XCENTC, YCENTC, 2ZCENTC,
R1D, RPD, RyD, RYC, RPC, RAVC, RS, H3, RT, RP,
RV, XCENTO, YCENTO, ZCENTQ, BXCNTD, BYCNTD,
BZCNTDs BXCNTC, BYCNTC, BZCNYC, BRTD, BRFD,
BRVD, HBRYC, BRPC, BRVCL, BXCNYO0, BYCNTO, BZCNTO,
BRT, BRP, Bgpv

CoMMoN 7 COEPTH / TAUE"('O:IOSO TAUSW(10,10), TAUAW(10,10),

1 TAUE(10), TAUS(iO0), TAUA(10)

COMHON 7 CPATH 7/ PMASSA, PMASgB, PMASSC, GMASSA, GMASSB, GMASSC

1 ¢+ BPMASA, BPMASB, BPMASC, BGMASA, BGHASB, BGMASC

COMHON / TAPE / ITAPE, JTAPE

&N -

VI &t N e

COMPUTE THE QPTICAL DEPTH FQUR EXTINCTION, SCATTERING, AND
ABSORPTION FOR THIS SIZE GROUp FOR EACH MATERIAL

COMPUTE OPTICAL PARAMETERS FOR THE MAIN CLOUD FIRST, THEN FOR THE
BASE CLOUD

Do 105 ICLOUD = ¢, 2

1FC ICLOUD .EQ, 2 ) GO 10 S
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17%
176

218
219
220
el
222
223
224
2eS
226
227
226
229
230
231
232

[eNxXal

[u Nule)

[z R4l

10

20 HMRITE(JTAPE,
30 FORMAT{1HI,7aH

MAIN CLOUD
TAUER 3 PMASSA * CHUEA(IDGsIR?T)
TAUES = PHAS38 & CMUEB(IDG,iRY)
YAUEC = PMASSC #» CHUEC(IDG.IPY)
TAUSA = PHMASSA w» CMURALIOG,IRY)
TAUSB = PHASSHE » CMUSB(IDG,IRY)
YAUSC = PHASSC « CHUSC(IDG/IRT;
CHUAA = CMUEA(IDG,IRY} «
CHMUAB = CHUEB{IDG,sIRT) =
CHUAC = CMUEC(IDS,IRY) »
TAUAL = PHASSA « CHUAA
TAUAB = PHASSB « CMUAB
YAUAC = PMASSC ® CHUAL

7

GO Y0

BASE CLOUD

FAUEA > BP¥aSs
TAUE5 = BPHASE
TAUEC = BPMASE
TAUSA 3 BPMASS
TAUSB = BPMASE
TAUSC = BP4aSC
TAUAA = 8PHASa
TAUAB = BPMASB
TAUAC = BPMASC

*
«
*
"
*
%
*
*
L3

CMUEACIDG,1°7)
CHUEB{ILG,IPT)
CHUsC{IB3, IRY)
CMyg2(i5a, 127
CMUSBLI0sIRY)
CHU3C(IDG,IRT)
CHUAR
CHuLAB
CryaC

CHUSA (IDG, IRT)
CHUSA(IDG, IRT)
CrUSE (106, IRT)

SUM THE EXTINCTIOM, SCATTERINg AND ABSORPTION CONTRIBUTIONS FROM
THE THREE HMATERIALS

TAUET = 7453
TAUST = T2yg

v TAUEB ¢+ TaUEC

TAUSE + TauscC

TAUAY = TAUZA & TAUAB & TAUAC

ADD THE CONTRIBUTIONS TO THE 7TOTALS FOR EACH BURST AND FOR ALL

BURSTS

TAUEW (1%, 1T} = TAUEW(IR,IRS) ¢ TAUET
TAUSH(IW,IRT} = TAUSH{IN,IRT) ¢ TAUST
TAUA?(!“:!RT) + YTAUAT

TAUAWLI¥,19T)

TAUECIRY) = TAUE(IRT) + TAUET
TAUSCIRTY = TIUS(IRT) + TAUSY

TAUA(IRY:

TAUACIRT) + TAUAY

WRITF QUT THE DETAJLED £ESULTg UNLESS SUPPRESSED BY IPRINT OPTIOR
1F¢ IPRINT .G1, 0 )} GO 10 109
IF{ 106 .E@., 1 AND, IRT ,EG. 1 _AND, ICLOUD .EC, 1 ) GO TO 20

xMgMAY = AMAX1( PMAS3A, PHASSE, PMASSC )

F{ jCLOUD LE0, 2 ) XHMSHAX = gMAXi( BPMASA, BPHASB, SPHMASC )

F{ XMSHAX [LE.

0, ) 60 Y& 1¢5

IFC NLINES LT, 50 ) 60 T9 60
WRITE{JTAPE, 10)

FO MaT{iHi,79H

1€ GROUP RESULTS (CONTINUED)

NLINES = 9
GG 10 40

30) NPROE, T, I%

11TI0N DUST CLOUD MGBEL /77 iH

2634
3, 13 7 1HO,

140
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234
23s
232
237
238
139
2a9
2ay
242
2433
2aq
215
2a6
2ay
248
2a9
250
251
252
253
25a
255
256
257
258

%9
260
261
262
263
264
265
266
2p7
268
269
270
211
212
2713
274
275
276
217
2718
279
280
281
282
283
284
285
286
287
288
289
290

80
S0

60

65

q72H

DETAILED 81ZE GROUP RESULYS F

SOR TIME = , Fe,1, 8h SECONDS , 1M ,

&72H

T NUMBER = , I3 )
NLINES = IS
WRITE(JITAPE, S0)

BURASY

FGRHAT(1HO / 1HD,

1126HCLOUD ousTt CARBON OUST RADII CARBON RADI1 TOTAL M
2488 cLoup GROUP MASS OPYICAL DEPTH ALONG PATH DUE YO GROUP 7
3tn ,

4125K CENTROID CENTROYD WiND TRACK WIND TRACK IN GROU
spP PENETRATED EXTINCTION SCATTERING ABSORPTION /
618 ,

7113HGROUP X<COORD, X=COORp,
BDE A PATH DUST=MODE 4
9113HNUMBER  Y-COORD, Y=-COORypy,
10€ 8 NUMBER DUST-MQODE 8

21101 Z~CODRD,  Z-COORp,
3N CARBON
4 8SH (METEPS)  (METERY)
53) . (GH/CH2) )

IF( XMSHAA ,GT, O, * GO TO &S

CROSS TRACK CROSS TRACK DUSTY=ND
DUST=HODE A 7/ {H ,

YERTICAL VERTICAL QUST=MD
DUST=MQDE 8 7 K ,
(METERS) (METERS) CARBOD

CARBON 7 tH ,
{CRANM

IFC IRT ,EQ, 1 ,AND, IDG LEQ, § } GO TD 6%

GO T0 105 .
IFC 1CLOUD ,EQ, 2 } GO 10 80

NRITE(JTAPE, 70} XCENTD, XCENYC, RTD, RYC, GMASSA, PMASSA, TAUEA,

& WY e

TAUAL

TAUSA; TAUAA, IDG, YCEN1)D, YCENTC, RPD, RPC,
GHASSB, IRT, PMASSB, TAUEH, TAUSB, TAUAB, ICENTD,
ZCENTC, RVD, RVC, GHASSC, PMASSC, TAUEC, Tausc,

70 FCRMAT(1KO0, GHMAIN, 2F11,1, 2F12,1, 1PE1G,2, SX, QHMAIN, 1PEf2,.2,
1 3E13,27 M , 13, OPFi2.1, Fly.1. 2F12.1, 1°E14,2, 17, £14,2,

80

2 3€E13,2,7 tH , OPF15.1, Fit,d,
GO TD 100

2F12.1, 1PE1Q, 2, E21,2, 3£13,2 )

HRITZ(JTAPE, 90) BXLKTO, BXCNiC0 BRTD, BRTZ, BGMASA, BPNASA, TAUEA

o NN -

TAUAC

¢ TAUSA., TAUAA, 1DG, BYCNTD, S8YCNYC, BRPD, BRPC,
BGMASB, IRT, BPMASB, TAUEB, TAUSB, TAUAS, BICNTO,
BICNTC, BRYD, BRVC, BGMASC, BPMASC, TAUEC, TAUSC,

90 FORMAT(1HO, 4HBASE, 2F11.t, 2r12,1, 1PE19,2, 5X, 4MBASE, 1PE12,2,
1 3513.2/ iH ’ I!. OPFla.if 'll.lo 2F12.l' ‘PE‘“.ZO I7. E‘°¢2!

100
105

C

C

[
ii¢
120

2 3E13,2,7 14 , OPFIS.1, Fi1,1,
NI,INES = NLINES ¢ @
CONTINUE

2F12.1, 1PSta,2, E21,2, 3E13,2 )

IFC 1w (EQ, NW ,AND, IDG .EQ. MDG ,AND, IRT .EQ. NRT ) G 10 110

G0 10 240

ALL CALLULATIONS ARE COMPLETE FUR THIS TIME, WRITE QUY SUMMARY OF

CSULTS FOR EACH PATH

WRITE(JITAPE, 120) HKPROB, T

FORMAT (1H1,504 ASL MUNITION CUST CLOU
10 MODEL // t.i0,
248H PROBLEN NuUMBER , I3 s 1Mo,
362H SUKHARY OF PROPAGATION RESULTS FOR TIME =,

GF6,1, BH 3ECONDS // §
NLTHES = 11

00 230 KRT = §, NRY

141
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Al bl

291 [
292 o CALCULATE THE TRANSMISSIONS CORRESPONDING TO THE TOTAL QPTICAL
293 c DEPTHS
29a TRAHNE = 0,
295 TRARS = O,
286 TRAKL = 0, |
297 IF{ TAUE(KRY) .LT. 40, ) YRANE 2 EXP( = TAUE(KRT} )
298 IF{ TRUS(KRT} LT, 80, ) TRANS x EXP{ = TAUS(KRT) )
299 IF{ TAUA(KRY) ,LT, 40, ) TRANA = EXP( =~ TAUA(KRT) )
300 c
301 00 220 KW =2 1, NH R
302 IF{ KRY ,20. 1 LAND, KN EQ, § ) GC TU ;-
303 IF{ NLINES ,LE. 50 ) 60 T0 1i7g
3cq w7TITE(JTAPE, 140)
3¢S 140 FoamsT(IHE, 53y SUMHARY LF PROPAGATIQON RESULTS
306 1(CONTINUED) 7/ )
07 HLINES = 8
3on 158 =ITTE{JTAPE, 160)
3¢9 160 FGRMAT( 1HO,
310 t 3T MAVELENGTH ©PATH COORDINATES(NETERS) 1074 7
34 20TAL OPTICAL OPTICAL DEPTE CONIRIe 7 tH ,
312 3 99H PATH (HICRONSY TRANSMITTER  RECEIVER TRAHSMISSICN
313 4 DEPTH BUTIONS FRO® EacH BURST /7 IR ,
i 5 GIHNUMBER FREQUENCY X«~CnORo, X«COORD, EXTINCTION
315 SEXTINCYION BYRST  EXTINCTION /7 IH ,
3i6 7 94u {GHZ) Y«CQURD, 1=COORD, SCATTERING
317 BSCATTERING NUMBER SCATTERJNG / {H ,
318 S 2sH Z=Cp0RD, Z=COORD, ABSORPTION
319 1ABSORPTICH ABSORPTION 3}
32¢ i79 IF{ K¥ _GT, ¥ J GO T0 (99
321 MRITEC(ITAPE, 180) KET, XULAMDA(KRY)}, XT(xRTY)}, XR{KRT}, TRANE, £
322 H YAUZ{KRT)Y, KW, TAUEW(KH,KRT), FREGIKART), 3
323 2 YT(KRT), YR(KRT), TRANS, TAUS(XRT}, E
124 3 TAUSH (KM KRT)s 2T(KRYT), ZR(KRT}, TRANA, 3
323 ] TAUACKRT), TAUAW(KW, KRT} 5
326 180 FORMATIIHO, I3, ¥F13,:, F13.4, Fli.l, IPEYL.2, €15.2; 18, E14,2 /7 B
327 18, TPEIS,2, OPFi4,%, Fit,1, 1PE1s6,2, E$5.2, €£22.2 /7 E
328 2 1% , 16X, OPFI&.:1, Fli,i, 1P£16,2, E15.2, £22.2 ) 3
329 86 10 210 E=
330 190 “RITI(JTAPE, 200) £W, TAUEWM(KW,KRT), TAUSHIKN,KRT), TAUAW(XK,KRT) 3
33 200 FOR=AT(iHD, 72X, 18, 1PE1a,2 ;
332 11K ; BOX, IPE16,2/
333 2in , 80X, I1PEL8,2 )
331z 2I0 HLINES = NLINES + S
335 <
33¢ 220 CTONTINUE
337 o
138 238 TOATINGE
3319 [
a0 249 RETURN
k13! END
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SUBROUTINE ADOVEC( vi, v2, V3 }

THIS ROUTINE ADDS THO THREE VeCTORS TOSETHER

INPUTS
Vi = FIRST THREE VECTOR
V2 z SECOND THREE VECTOR

ouTPUT

V3 = THREE VECTOR WHICH IS THp SUK OF Vi AND V2
DIMENSION V1(3), v2(3), Vv3¢3)

Dg 19 1= 53_3

V3II) = VICIG ¢ v2(I)

CGNTINUE

RETURN
ENp
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SURROUTINE SUBVEC{ Vi, v2, v3 )

THIS RGUTINE SUSTRACTS TWO THREE ¥ZCTORS
NPYTS

Vi = FIRST THREE VECTOR

¥2 = 3ECOND THREE VECTOR

auTtpuT
V3 = THREE VECTOR NHICH IS ¥1 » V2

DIKENSION V1({3), V2{3), V3(3)
DO 161 = 1, 3 .

VI(I) = VICI) = v2(I)
CONTINUE

RETURN
END
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SUBROUTINE MULVEC( Vi, 8, V3 § )
THIS ROUTINE MULTIPLIES A THREE VECTOR 8Y A SCALAR :
INPUTS :

Vi = THREE VECTOR E
S = A SCALAR

OB o NN -

QUTPYUT
V3 = THE THREE VECTOR RESULTINC FROW FULTIPLYING Vi BY 8

-

gy
-
L~
(o B Y e N e N K N N N Ruls)

£ 12 DIMENSION V1(3), V3(3)
13
: 1a VIC1) = 8+ ViI(D)

15 v3(2) = 8 & vi£D)
Vi(3) = 8 & VI(3)

LR TS
-
-
«©

i8 PETURN
19 END
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SUBROUTINE OOTVEC( vi, v2, 8 §

TYIS ROUTINE CALCULATES THE DgT PRODUCT OF TWO THREE VECTORS
INPUTS

Vi = FIRST THREE VECTOR

V2 = SECOND THREE VECTOR

ouTPLY
S = SCALAR DDT PRODUCT OF VI AND V2

DIMENSION ¥1(3), v2(3)
S 2 VIQL) = V2(I) & VI(2) # VI(2) v v1(3) & v2(3)

RETURN
END
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SUBROUTINE DSTVRC( Vi, v2, DIAT )

THIS ROUTINE CALZULATES THE DrSTANCE BETNEEN THE ENDPOINTS OF
VECTORS V1 AND V2

INPUTS
Vi = FIRSY THREF VELTOR
¥2 = SECOND THEREE YECLTIOR

E-X- RN NV R RV TR
aaoaaaaaaaanan

10

i1 ouTPUT

H DIST r DISTANCE BETWEEN ENDPOINTS OF VECTORS Y1 AND V2
13

14 DIMENSION Vvi(3), v2(1)

15 c

16 OIST = SORT( ( vI{i) » V2(1) j #« 2 & ( V1(2) « V2(2) ) te 2
17 1 + { VI(3) = V2(3) ) #« 2 }

18 ¢

16 RETYURN

20 END .

awn oy
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