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NOTICES

Disclaimers

The findings in this report are not to be construed as an
official Department of the Army position, unless so desig-
nated by other authorized documents.

The citation of trade names and names of manufacturers in

-this report is not to be construed as official Government
-indorsement or approval of commercial products or services

referenced herein.

Disposition

Destroy this report when it is no longer needed. Do not

return it to the originator.
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SECTION 1

INTRODUCTION

A wide variety of electro-optical (E-0) sensors are employed in

the modern tactical battlefield 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-0 sensors. References I and 2 present

models which have been developed for the munitions dust clouds and

the propagation of E-0 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, a:d 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 CDC 7600 computer.

The inputs to the code are the burst parameters, transmitter-

receiver p:rameters, soil and carbon parameters including size dis-

tribution aad index of refraction, meteorological conditions, size

groups of particulates, and the calculation times. The code first

calculates the Mie propagation parameters (extinction, absorption,
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

1 7



mass distribution. The code integrates the mass penetrated within
each particulate size group along each sight path (the path between
each transmitter-receiver pair). Applying the previously calculated
Mie propagation parameters, the code then computes the transmission of
each signal along its sight path.
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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.

1his 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.

UEXECUTIVE ROUTINEI oThis routine controls the sequence of operations for ASL-DUST.
The routine first sets the tape numbers for input-output and the de-

fault values for the inp:t quantities. It then reads the input for

the first problem by calling INPUT. Next, the Mie propagation

9



TABLE 1. ASL-DUST COMPUTER ROUTINES

Name of Routine Function

Executive Routine Control program. Determines sequence of operations.

INPUT Reads and writes the input quantities.

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

CGROUP Performs preliminary Mie propagation coefficie
calculations; sets up input for CROSS.

CROSS Integrates over the size group.

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

ANF Evaluates a complex function used in Mie.

CUMNOR Computes the cumulative function of the normal
randomi probability distribution.

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

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

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

PATH Integrates the dust cloud mass density along
each sight path.

DEPTH Computes optical depths along each sight path.
Prints output results.

ADDVEC Adds two three-vectors together.

SUBVEC Subtracts two three-vectors.

MULVEC Multiplies a three-vector by a scalar.

DOTVEC Scalar (dot) product of two three-vectors.

DSTVEC Computes the distance between end points of two
three-vectors.

10
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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 output 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

V- This is the control routine for calculation of the Mie propagation

coefficients for each size group, each particulate material, and each

S frequency. The primary Mie parameters are the extinction, absorption,

and scattering cross sections and mass coefficients averaged over a

11



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

ficients for each size group assuming that there is no mixing of

particulates from other size groups. The size groups are ordered by

size, beginning with the smallest. The coefficients Zor 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 i.p 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 ,iew 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 rapidl: changing integrand re-

quires smaller steps, while a portion of the integral that :entributes

little to the total can be calculated with larger steps. The algorithm

is designed to produce maximum accuracy with minimum computational

time.

12
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The equations solved in the routines are the following. The mean

cross section per particle is
a2  2

--2 --Q(a)P(a) da

a2 cm per particle (1)!a2

JP(a) da
= fa 1

where

= average cross section per particle for scattering, back-
2scatter, absorption, or extinction (cm2)

a = particle diameter (cm)

a= minimum diameter of particle size group (cm)

a2= maximum diameter of particle size group (cm)

Q(a) = Mie efficiency for scattering, backscatter, absorption,

or extinction for a particle of diameter a

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

or hybrid).

The normalized scattering pattern is

j2 ir 2

SN(O) M -T-QSCA(a)P(a)S(a) da (2)
S a

where

C = average cross section per particle for scattering,_ g~SCA(c2

given in Equation 1 (cm

QSCA(a) Mie efficiency for scattering

S(O,a) = normalized scattering pattern at scattering angle

for a single particle of diameter a

SN(6) normalized scattering pattern for the size group.

The scattering patterns are normalized so that

S(6) d1 (3)

13



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

N a n2 g- (4)

where

i mass coefficient for scattering, backscatter, absorption,

2 -1
or extinction (cm g-)

NT = total number of particles per gram of material in the size

group (g-).

The integration strategy is the following:

a2  n ~
S=I(a) da = I (a) da (5)

a j=la.
1J

where

l(a) = integrand of the integral of interest.

The interval from a1 to a2 is broken up into a number of 
subintervals.

For each subinterval we assume that the integrand can be described 
by

a power law,

x

I(a) = I(a)(A) a. <a < a+ (6)

where
I(a. 4~

J+1

I(aj)
_ 

(7)
ai £nj+l

Then the contribution to the total integral of this subinterv ii is

a
Cuitr is1

AlT = 'a I(a) da (8)

14 
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/I~a)arax+l

I (a )a. a. x

The contributions of the subintervals are calculated and summed until

either

(1) the diameter limits of the size group interval are reached,

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 [

(Aa).=a_.1 -a. = a.[elxl . (9)

With this stap size,

I(a+) = I(a.) e , (10)j+l_-

where the plus sign is for positive x and the negative sign is for

negative x. In addiition, for those cases where 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:

-a[lxi -J(AT) j- i (AIT)jl1 (11)
j (Al T)j-

MIE

This routine calculates the Mie efficiencies and scattering pat-
-~ I tern for a given uniform spherical particle. This routine and its

slave routine ANIF were originally developed by the author for the WOE

code, Reference 3. For completeness and reader convenience, the docu-

mentation is reproduced here.



We first present the formula.. 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

a 2ir/X

dimensionless size parameter

m - imR
= 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)

Y=

CSCA scattering cross section of the sphere

CABS = absorption cross section of the sphere

QSCA = 'SCA/r2
= scattering efficiency of the sphere

QABS = oABS/hr
= absorption efficiency of the sphere

QEXT = QABS + QSCA

= extinction efficiency

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

incident unpolarized energy per unit area that is

scattered into solid angle d4, which is centered about

the direction that makes an angle e with the direction
of the incident radiation (6 i- the scattering angle).

The equations for the Mie solution are:

= (2n+l) [Ia I2 + lbnl (12)

QEXT 2 (2n + l) Re (a +bn) (13)
n=l

(where Re signifies the real part of)

16



S(O) ! (~ 2is~oI S() (14)

where

ay a'(Y) Y(a) -YT' (a) T (Y)

ay' (Y) 1 (a) YEa (a)Y (Y)n n

YT(Y + (a c(T'(csT () +bT(o )sic) nnl n n C (1)
n=

YT(' 2nl i (aos) T a (Y)0)
S 2 (0 n n n. nn+)(8

n n 1

S()a7r (cos 0) b T(cos 011 (17)
n~

t~os=osIr(cos)sn a T (cos (22) 1
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and the incident radiation. Then for scattered radiation within the

plane, the complex amplitude function S1 (6) describes the scattering

for an incident plane wave with vertical polarization (E perpendicular

to the scattering plane); S2(8) is for horizontal polarization (E

parallel to the scattering plane).

As might be expected from the complexity of the Mie equations, the

numerical evaluatiun 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 a. 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 7 1n, and T is straight
n n n

forward. We can use the well known recurrence relations of Bessel

functions and Legendre polynomials to obtain

2n-I

(a - - 4n~j(a) -=n_ 2 (a) , (23)

with initial values

So(a) = sin a + i cos a (24)

(a) 3 - i sin a (25)

7- (cosO) eos r (Css ) n cos n)n(26)
n n - 1 ns nl n - 1 n-2  ) (26)

T n(Cos ) = cos [n (Cos 0) - Tn_2 (cos 8)
si2

(2n-1) sin e 7r (COS E8) + Tn 2 (cos ). (27)
n-I _(o

The initial values are

18



71r (Cos 6) =0 (28)
0

0 (cos 6) = o (29)

T (cos 6) = 1 (30)

T (Cos 0) = cos 6 (31)

1A
It2 (cos 0) =3 cos e (32)

T 2 (cos 0) 3 cos (26) (33)

With the initial values, we can use the forward recurrence relations

to generate the required terms to any order. The forward recursion L

technique for these three functions is stable and accurate.

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

t ion

A (Y) = ip'(Y) (34)
n

With this definition, the Mie formulas for a and b can be written

:__-+ R e ( C E ) I R e l ( C L A' - I-a) n

a n (A e(3(A(Y) ~~~L

mAn(Y) + Re- Re (c)
nb (36)

The primary difficulty in evaluating the Mie formulas lies in the

evaluation of A (Ij . Using the properties of the Bessel functions, A

nIAwe can write An(Y) as A

(y) = _ n-2(Y) (37)n n+/2Y "

A )(n (Y)

n+___



Thus, if we can evaluate the Bessel functions, say by for,.ard recur-

sion, A (Y) can be evaluated. Alternately, we can use the recurrence
n

relations for the ratios of the Bessel functions and write the recur-

sion equation for A (Y) itself as
n

AnY) - - - (38)

with initial condition

Ao.Y) = cos Y(9)
o-sin Y

The forward rucursion technique for the evaluation of A (Y) is very
n

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

a When the arguh..nt is small

* Ithen thiC argument is large, requiring a large number of

orders

* Wen the imaginary value is larger than the real value

* For certain anomalous values.

The use of forward recursions to gencr Le the consecutive orders of

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 tecnniques involve some type of

backward recursion. The values of the Bessel functions or the ratios

are evaluated at a high order, and the back.card recursion relation is

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

have the instability of the forward method. However, care must be

taken to preserve accuracy; some techniques lose accuracy even when

using double Precision arithmetic. Recently Lentz (Reference 4) has

developed an algorithm for evaluating the Bessel functions and ratios

that eliminates the weaknesses of the earlier methods. Lent. s

algorithm uses a new technique of evaluating contirucd fractio - that

starts at the beginning rather than the tail and has a built-in error

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

20__2



independently of all preceding values with high accuracy. Readers are

referred tcr Lentz's article for details.

We use Lentz's method to generate A (Y) for n of order -l.5a and
n

then use the backward recursion relationship,

An 1 (Y) =+- ( Y) Y (40)

to generate all lower orders. Using the forward recursion relations

for the other functions, the a and b are calculated and infinite
n-n

series summed until convergence. In almost all cases, convergence is

reached before reaching the highest precomputed order of A (Y). Other-

wise Lentz's method is used to generate any additional needed 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(e). The running time is quite reasonable for

a n exact calculation. For a =1.2, three orders are required for

convergence, and the running time is 1 millisecond on a CDC 7600 com-

puter. For a = 100, 103 orders are required with a running time of

25 milliseconds.

ANF

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

4) to evaluate the complex function A (Y) of Equation 37.
n

CUMNOR

This routine evaluates the following function:

F) < 0

__:- CUINOR (X) = (41)

F(x) x>0

where

x l2

F(x) f e 2  dt (42)

21



cumulative probability of the standardized normal

random probability distribution.

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

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

tion formula 26.2.17, and for IxL. 5 we use the asymptotic approxima-
tion formula 26.?.24.

For -5 < x < 5,
x 2

blZ b2z
2 
+b3z

3 
+b4z

4 
+bsz1

_-° CUNNOR (X)= 1 2 e 2 [ +b +b +b +b (43)

where

= 1
1 + pjxj

p = 0.2316419

b= 0.319381530

b= -0.356563782

b-= 1.781477937

b= 1.821255978

b5 = 1.330274429

The error in this approximation is less ;han 7.5 x 10- . For Ix. > 5,

CUMNOR (X) [ 2/ x -Ixli (44)L2-,

At lxi = 5 the error in this approximation is less than 1.1 x 10
-8

and decreases rapidly with increasing ix1.

INITG

The initial dust cloud is assumed to form instantaneously at burst

time. This routine evaluates the following initial cloud parameters:

22



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 wTites 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.

23



PATH

This routine evaluates the integral of the mass density (mass

penetrated) along the sight nath between a given transmitter-receiver

pair due to each type of narniulate material in a given size Iroup

at a given in.Tile quantity evaluated is

f TR -2A
MPp(D) dD g cm (45)

,;her,-

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

DT total distance froz transmitter to receiver (cm)
M() =mass density at distance D along sigh aahdet h

,liven particulate material1 in the given size group

The integration strategy is to begin at the point of closest ap-

proach of the sight path to the size group centroid location and numer-

ically integrate forward and backward. The numerical integration uses

a Simpson's Rule approximation withi a step size of 0.2 ofl the Gaussian

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

continued until the receiver or transmitter is reached or until the

mas desJtyv becomes negligible. The integration is terminated when

the distance from~ the integration point to the group centroid exceeds

five standard deviatioils. At thi.s Point the mass density at the integra-
-.52/2 -6

tion point is doun at least a factor of e -37 x 10 from the

density at the cloud centroid.

DEPTH

This routine evaluates the optical depths and transmission 3oga

giLven sight path at a given time. It calculates the optical %dellth con-

*bution due to each nmacrial in each size roup and the sini vf all

coti-ions. Teqatties evaluated are

(T W~ ).46)r; i "iEj i

24



= extinction optical depth contribution due to the

particulates in size group i

(Mp)i  mass penetrated due to particulates in size group i
-2 V

(g cm- 2

(PE = mass extinction coefficient for particulates in size
2 -1,group i (cm g j

= (Mp) i ( s)i (47)

= scattering optical depth contribution

(TA)i i i (48)

= absorption optical depth contribution
: T (49)E (E) (4

total extinction optical depth due to all size groups

Ts  = C(Ts) i  (SO)
1

A = (TA)i (51)

eT =eTE (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

large 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

I together:

v v 2 = (xl+x 2, yl+Y 2 , Zl+Z 2 ) (53)
where

V= (X, YIA zl) = first three-vector

v= x2 ' Y2 ' z2) second three-vector.
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SUB VEC
This routine subtracts two three-vectors:

v= - V9 (Xx 2  Y1 2  z (54)

MU LVEC

This routine multiples a three-vector by a scalar:

V sv1  (sx1, 2x SX3) (55)

where

s =scalar

DOT VEC

This -routine -forms the sc .lar (dot) product of two three-vectors:

p v, V2  x x+ Y'1 Y9  z~z2  (56)

DSTVEC
Thic routine evaluates the distance between the endpoints of two

three-vectors:

2 )2 + 2
I) jv-v~ = (x 1 x 2 ) +y (Y1  2) (z1.-z2)(7
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SECTION 3

INPUT

GENERAL INFORMATION

Ail 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 IBIM 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 sit 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 supplied 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 changeQ from

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

f.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 supplied, 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, E9.0, 7E10.O

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

column fields, with the exception that the first field occupies nine

columns to make room for the card identification letter in column I.

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 6 cards.

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

W up to 10 C and D cards. The order of the different cards is
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Figure 2. Input card parameters.
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I
1 10 20 30 40 50 60 70 80

Must be
A snecified 0.5 1 1 i 0 0 0

by user

B 0 0.25 0.03 0

C 105 3 500 50 2 -500 50 2

D 1.66 0.016 1.66 0.016 2 1

E 1.5 2.5 0.15 ).5 0.3 0.25 0.1

F 2.2
-- G 20 l 2 180 1O4  4H0.8 0 0 _8 -9.8xi0- 3  GO0

3 10 0.1 0

K 5 1 20 3C 40 50 60 70

K 80 90 100 105 110 115 120 125

130 125 140 145 150 155 160 165

K 170 175 i80 135 190 195 200 210

K 220 230 240 250 260 270 280 . 290

K1  300 350 400 4 0 Soo 600 750 1000

5000 10,000

f- L 2 4 6 8 10 12 14 116
1 i8 20 22.5 25 I 27. 32.... I __ j ___~30 32.5 '35

L 7.5 40 - U 50 55 601 70 80

L 100 t

Figure 3. 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 goes with the second B card,

etc.I-
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 fH' the fraction of the total yield which ap-

pears as hydrodynamic energy. fH is used in the determination of the

initial ideal spherical cloud redius,
1/3

R= 1.54(WfH"  p) m , (58)

where

W = total munition yield (lb TNT)
cm-3

Po= sea level air density (g cm)
p = air density at blast site (g cm-).

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 cloud radius of Equation 58:



R, m (59a)

R= CR (59b)
P 1P

RV =CR (59c)V V I

The sixth) seventh, and eighth entries are the coordinates of the

ground surface at the burst. Note that the z coordinate is the coor-

dinate 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 second A

card, etc. if there 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.

I 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 factor

could be internally calculated rather than being input.

The sG-ond entry is the fraction of the apparent crater mass that

is lofted into 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

thro n out to the sides, and part is piled up on the crater jij.

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

volume of the apparent crater is calculated from the scaling relation,
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V =S w1 i m3  , (60)VA AC

where

3VA volume of apparent crater (m3)

SAC apparent crater volume scaling factor (m3 (lb TNT)"I' 11)

W = total munition yield (lb 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 the static charges of DIRT 1 had a 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 not 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 eighth entries are the coordinates of the trans-

mitter and receiver. The z coordinate is the actual z coordinate of

the transmitter or receivaT (unlike the burst coordinate, where the z

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.

L
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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

nnR in1  , (61)

where

n = complex index of refraction

I= real part of the complex index of refraction

nI = imaginary part of the complex index of refraction

Hence all input entries are positive.

T-c first and second entries are for -lhe mode A dust particles,

the third and fourth are for mode B dust particles, and the fifth and

sixth are for the carbon particles. Note that these indices are for

_ the airborne particles. The indices of in 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 gcm

This variable is used along with the calculated apparent crater volume

i to calculate the total mass of soil that was in the apparent crster.

Typical values for soil density are about 1.S g cm- for loose soil

and about 2.5 g cm for rock. in situ soil is assumed to consist of

dust grains, air, and water.
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-3The second entry is the density in g cm of the airborne dust

grains. For soils this grain density is larger than the soil density;
-3a typical grain density value is 2.5 g cm Nonporous rock can have

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

The third .-ntry is the soil 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
3-3

g cm The default value is 1.5 g cm

The fifth entry is the carbon yield fraction. One 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 TNT is 0.3.

The sixth entry is the ratio of mode A to 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 entry should be set to an

insignificant number such as 10- . Remember that if this entry is

left blank or set 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 nonrising. Typical estimates of this ratio are in the range 0.05

to 0.1; 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: log 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 this is then

joined to a power law distribution for particles with diameters from

S.n to a To choose a log normal distribution, values are entered
mn max

for entries one and t:o. To choose a power law distribution, values

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

dibtribution, values must be given for all five entries.

ie 'eg normal probability distribution is
2

,,() exPt -  Zkn 0 a< CO (62) 2
PL:jl(a) = 2v'a (n S

where

a = '-::ticle diameter (microns)

PL (a) da = fraction of the number of dust particles with diam-

eters between a and a + da

a = ,nean particle diameter (microns)m
S standard deviation parameter.

The Dower law probability distribution is

P (a) = min < a < a (63)
a-(-l) -(P-l) amn - - max

M l inax

where

p = power law exponent

ami = minimum particle diameter in the power law size

distribution (microns)

amax = maximum particle diameter in the distribution (microns).

The hybrid distribution is

CIPLN (a) 0 a < ami

P (a) = (64)

C2 pP(a) a a < a
(aan- - max
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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 norrai 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 maximum diameter in microns

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

ponent of the power law distribution.

G Card

The G card specifies the size dL;tribution parameters for the mode

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

the samie definitions as the F card entries.

H Card

The II card specifies the size distribution parameters for the car-

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

same definitions as the F and G card entries.

I Card

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

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

only one I card.

The first entry is the atmospheric Pasquill stability factor,

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

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

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. Normal!y this entry is also left blank, thereby specify-. ing the default value of 0.8.
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M_______~____-____

-3Th futhenr i teair density in g cmi at _Cround level. If

this entry is 'eft blank, thl. code assumes the atLmosphere is the U.S.

Standard atmosphere and calculates the ground level density as
H-G

-0 IX e 40 gcm , 65)

where

d u ensitv at grotmd level Cm cm

U.S. Standard Atmosphere air density at mean sea levcl

=1.225 i lo cm~

H Lievzition above mean sea level of the ground level (in).

The fifth e-ntrv is the elevation of the ground level above mean

sea level Thmeters. This enp.rv is only used to calculate the air

density at grounsd level. Thus if the user specifies the fourth entry,

p then this entry is not used in the cede.

The sixt-h adseventh entries are the air teinperatzre at ground

level and the temperature lapse rate in kelvins and "K.elvins per meter,

respectively. At present these entries are not t.seil in the code and

need riot be specified, in the future we exnpect these variables to

enter in!.o the models for main cloud sta'oili7atton a:nd buoyant-

atmosphe ric diffusion crossover. Anticinating the future mo del

d4evelopment, w- have reserved these input slots.

The eighth entry is the altittde of the air temperature inversion

layer in muters above ground level. inversion lavers are effective

barriers for rising dust clouds. The code assumes the main dust

cloud cannot rise above the inversion lay--r. Hence at present thte

temperature inversion layer i.s the stabilization altitude for the

main dust cloud.

J Card

The Jcard4 is the second of the two cards specifying tho at.AS-

pheric parameters. There is only one J card.
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The first entry 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
a function of altitude is assumed to be

SZ \-
, = v(ZR)(R) m s (66)

where

vM(Z) = mean wind velocity at altitude Z (m s

vM(ZR) = mean wind velocity at reference altitude ZR (m s- )

PM = power law exponent.

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

degrees, measured clockwise from the y axis.,

K Card

4- The K card contains the particle size group information. A maximum

of 50 size groups are permitted, so there can De 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.

A given size group includes all particles of all materials which

have diameters within the specified diameter ranges. r..us a particular

si.e 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

T he 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 allowed, 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 particle 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. A 1

entered in column 10 of card M will suppress the printing of the de-

Lails. 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-lb TNT burst at the origin. There is a single

transmitter-receiver pair using a wavelength of 10.35 microns. The

data chosen correspond to test event B8 of the DIRT-I series of

tests at White Sands Missile Range, New Mexico (Reference 6). The

actual test consisted of three 120-lb 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-lb 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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1 10 20 j30 40 50 f60 70 80

A 360 0.8 1* 1 1 0 0 0

B01 0.50 0.03 0

IC 10.35 1.2 -1000 1.7 1.2 1000 1.7

D1 1.65 0.14 1.65 0.14 j3.4 2.8

E 1.0- 2.5 0.08 1.5 0.3 0.25 0.1

__3.1 2.34 __ ____

G'7 1 2.65

1J 4 J 2 0.8 1260 288 -9.8x10-3  1000

[3 1.8 2 0.19 26

K 0 40 60 80 100 120 140 160

K 80 200 225 250 275 300 500 700

K 1000 2000

L 60 80 100 120

-'Note that all entries which are default values could have beenIleft blank

Figure 4. Input cards for sample problem.
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SECTION 5

CODE LISTING

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.

I
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I C EXECUTIVE ROUTINE FUR THE ASI MUNITION OUST CLOUD MODEL
2 C
3 C THIS IS THE EXECUTIVE ROUTINE FOR THE CUI'PUTER CODLE PROGRAM FUR
4 c THE ASL MUNITION DUST CLOUD MODEL DOCUMENTED IN

5 C
6 c mODELS FOR MUNITION OUST CLOUDS
7 C BY jlMES H THOPPSON
h1 c ASL-CR-19-0005-2, (GF78TmP-99 ), GENERAL ELECTRIC
14 C TEMPFl, NOVEmTiER 22. 1978

11 C ASI-DUSI. A TACTICAL BATTLEFIELD DUST CLOUD AND
I? C -P.)(LGATTON) CODIE

C 1ILM . mODEL FflPmILATIINS
C VILU'E Z. USEWS MANU;AL

A 'Y JAE .THOMPSO
I.. GIFloTMP-S, GENFOAL FI.CTRC -UPO, JANUARY 1980
C

In4 C

20 C SEE %vluR(ITINE INPUT FOR WlE n FINITIONS OF VARIAII ES IN THE
21 CI1:T1 - CINTP7 LAt$LLLfP (COMMON A'EAS. SEE SURROUTINF DEPTH FOR
?2 C VANIABLES IN COEPIH LARL.0 COMMON
23 C
241 C01'MON ICINPTI IW(10), FH~lol, CTCI0), CP(10), CV(IO), XR(1o)?
25 1 YB(10), ?f$(l0), DOF)(10), FCM(10), ACV(I0),

262 Pi'IBDG(IO)
27 Zoi'4Pnq CINP~T2 /FRFIO(10), XLAMDA(1Q), XT(l0)f YTCIo)f Z7(10),
214 1 XP(10), YR(1O), ZH(lD)
29 CIIHMOJ CINPT3 XNTARC1oI, XNAI(10), XNAR(M0, XNRICIO), XpNCH(Io)
30 1 , ECICl14), ApA, SA, AMINAA APAXA, PA# ANN, 521,
31 2 AMINd), ANAXA, PB, A4C, SC, AMINC# AMAXC, PC
32 COMMON / CINPILJ / RHOG, P1400, aRtiC, FHO, XLC, RHAM, RBASE
33 COMMHON / CINPTS / PSF, ALPHA, CDRA,, RH(JA# LLEVG, TAIN, TLAPSE,

3I ALTIV, VWIND, ALIII, PVW, PHi.41C.
35 COMMON / CINPTe. / N, N'1r, N

1
RT, N714;, NPROII, IPRINT

36 COMMON / CINPT7 / DrRO110(50)v TIMC(25)
37 Com'm / CnEPTH / TAOEw(10,10j, 7AIISI(10.10), TAUAWd(10,10)t
is TAIIE(IO), TAIIS(IB), TAUA(I0)
39 C SET DEFAULT TIMES
"0 DIMENSTION IFLTt25;)
01 DATA TFL7 Q..,14, 6., 64., t0., 12., 114., 16., 18I., 20., 22.5,

~22 I?ci., 27.1;, 30., 5?.5, 55., 37.5, d40., IIS., 50., 55.,
143 2 60., 70.. so., t00.1
a1 C
£45 C SET nEFAULT DIAMETERS OF SIZE GROUPS
116 DIPENStON 3GFLY(501
47 DATA OC.FIT /5,10., ?n., 30., 4pR., SD,, 60,, 70., 60.* 90.,
4AR ioo., InS., 110., 119., 120., 1213., 130., 135., 110.,
09 150J.,IS., 115., 160o.. 165., 170., 175., 180., 185..
So 3 190o., 195., 200., 210., 220., 230., 2110., 250., 260.,
St 14 270., ?80., p~0., 300., 3S0., 1400.l ii50., 500., 600o.,
52 9750., Soon 5)0., 10000./

5a C INPUT -OLITPIT TAPF DESIGNATION
5S COMMHON / TAPE / TIAPE, JTAT'F
56 C TI'E INPUT AND nUTPut TAPE Nl4HpFRS ARE SPFCIF TED BY ASSIGNING
S7 C VALOF-S TO THE; VAPIABLES TIAPE AND JTAPE, RESPE.CTIVELY. THESE APE
58 C PRESENTLY SET To2 5 Aln 6. RUT1 CAN EASILY liE ChANGED BY RESPECIFYING
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59 C THEFOPJLILIqING TwO STAtEMENTSf
60 IIAPE S
6) JTAPV 6
61 C
63 C INITIALIZATION SECTION. SET THE DEFAULT VALUES
64 AHCIG c 1.5

m65 RHIOq a 2.5
66 FH20 c 0.15
67 AmA
68 SA Z.
69 AmItJA 0.
70 AmAxA 0.
71 PA =0.
72 AMR p0.
73 511 2.
74 AMINS w 160.
75 AFAXR w 1.ELI
76 PP = :

77 AMC z 0.5I

80 APAXC c 0

32 RHOC 2 1.5
83 YLC- x 0.3
80 NOG *50
85 on I I 2I, so

86 GO(.OP(l) Z GFLT(I)
87 1 CONTINUE

A9 FREOn;l 2 I.E5
90 XLA~iOAf1) =3.
91 xm(I= 5oo.
92 YT0l) a So.
93 iln) 2 2.
94 xpcl) =- Soo.

95 YR(t) x 50.

97 YNARCI) % 1.66
90 XNAI(J) 2 1.6E-2
99 XNARCI 1.66

100 xMAI (I)I z 1.6E-2
101 XNCR(1) 2.

103 PSF 2a

184 ALPHA 2 1.
105 CnRAG = 0.8
106 RHnlA =1.225F-3
107 ELFVG 0.

108 TAIR = 288.

110 AL71V I.E3
III VNINO z23
112 PHTwnG x 0.
113 214AM =0.25
Ila RRASF 2 0.1
Its NT114E =25
116 00 2 I z to NTIHE
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12? TImE(b 2 TFLT(I)
= lie CONTINIUE

119 NPROB x 0
120 IPRINT a 0
122 C
122 C RE~AD THE INPUT FOR MHIS PRDRLEH
123 10 CALL INPUT
124. C
12 C FUR EACH TYPE OF MATERIAL# CALCULATE THE PROPAGATION PARAMETERSib C FOC EACH CONTRIBUTING SIZE GROUP FOR EACH FREQuENCY

127 CALL PGROUP
1 8 C
I,'9 C CALCUILATE- THE IJITIAL PROPERYTES Or THE OUST CLOUDS FOR EACH BURST

130 C~ALL!! T-
!31 C
132 C T!uE DOEP;-:DENT CALCULATIONS
!33 C
13a C LO V THE 7:"'ES
135 DO 60 !T V, T74F13
0 T 9 71MECIT)

137 C
136 C ZERO 9U ;HE OPTICAL DEPTH PARAMETERS

19DO Z5 IPT ItR
140 TAUECIRT)

l02 TAIJA,01) 0.
f '3 DO 25 I!2If NNP

IC4 TAIIEWC,1,IRT) =
Jos TAuIskilk,IRTj . 0.
I fb TAUAWci,,Ir ) cr
107 21; CONtTNUE
146 C
149 C LOOP uvEM IHE BURSTS
ISO DOl 53 1- 2 1, NW
151 IWC 2I

=152 C
153 C FOR THIS TIME AWfl BURST CALCULATE THE LOCATION AND CLOUD SIZE OF154 C THE ZERO DIAMETER PARTICLES
255 CALL TIPMECO( T. PlC

=156

-S7 1Z C Lonp OVER THE S17E GROUPS
156 ~ ~ 0 Do 0 ITOG 2 O

159 IOGC =IDC
1690
1 61 C FOlR THIS TIME AND BURST FIND THE LOCATION AND GEOMETRY OF THE162 C SIZE GROJUP
163 CALL TIHECG( T, IWC, IDGC
164 C
165 C LOOP OVER THE PECETVEP - TPAtJsJMITTfQ PAIRS266 DO 30 IRT z S, NAT
167 IRTC zIRT
168 C
169 C
170 C FE.4 TH--S IME, BURST, AND SIZE GROUP cIND THE MASS PEN4ETRATED11 C ALONG TlfE PAT44 BETNEEN THIS PFCEIVtR -TRANSMITTER PAIR DUE Tt!172 C EACH t'ATEP.1AL IN THE SIZE GROUP
173 CALL PATR( IhC, IOGC, IRTC
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175 C FOIR THIS TINE, BURST AND SIZE GROUP FIND THE EXTINCTION,
176 C SCATTERING AND ABSORPTION OPTICAL DEPTHS ALONG THIS PATH DUE TO)
177 C EACH IIATERIAL IN THE SIZE GROujP. SUM THE CONTRIBUTIONS
178 CALL DFPTH( T* INC, IDGCt IRTC
179 C
160 30 CONTINUE
lei C
182 410 CONTINUE
183 C
184 SO CONTINUE
!85 C
186 60 CONTINUE

37 C
18 C

11%9 C THIS PROBLEM IS COAPLETEO. DO NEXT PROBLEM
190 GO TO 10
191 C
392 END

73

_t



SUBROUTINE INPUT
2 C

3 C THIS ROUTINE READS THE INPUT tOR EACH PROBLEM, THEN WRITES THE
0 C INPUT VALUES OUT
5 2C
6 C
7 C DEFINITIONS OF VARIBLES IN LABELED COMMON

9 C w(It)i EQUIVALENT TNT YIELD OF BURST IW (LBS TNT)

10 C FH(IW) a FRACTION OF YIELD APPEARING AS HYDRODYNAMIC Et:ERGY
4. FOR 60R T 1W
12 C CT(lP) INIIIL 'AIN CLO iD SHAPE FACTOR FOR THE DIRECTION

13 C aLOUG THP1 SHELL T2ACK FOR BURST IW
C CP(-

*
) INITIAL FAIN CLOUD SHAPE rACTOq FOR THE DIRECTION

IS C PcPPSNDICVLAP TO THE SNELL TRACK FOR IURST TW
:6 C "vET,) I'JIIAL MAIN CLOseD SHAPE FACTOR FOP TFE VERTICAL

17 C OIIECT7ON

I C X COOP'INATE OF TP- GRUURt SURFACE AT BURST IN
;q C (METE;Z)
20 C IB(!F) Y COORD!NATE OF THE GROUND SURFACE AT BURS! IN
?I C (HZTERS-
21' C ZR(IW) Z 'CJORDINA OF iE GROUND SURFACE AT BURST IW
23 C (MrTFPS)
aii C DOB(IW) = OF BURST, IE* DISTANCE BELOW GROUND SURFACE or
25 C CENTER UP GRAVITY UP 8URST IN (METERS)
26 C rCm(iw) FUACTION OF THE APPARENT CRATER MASS OF BURST IV THAT
27 IS LOFTED INTO THE AIR
28 C ACV(IW) APPARENT CRA

T
ER VOLUME SCALING FACTOR FOR BURST IW

29 c (CUBIC METERS PER (LB TNT)**I.I.Z
3o c PHTSUG(TO) z AZIMUTH OF SHELL TRACK OF BU"'ST ih fEGREES,
31 C MEASURED CLOCKWISE FROM THE Y AXIS),

32 C REO(1RT) FREQUENCY OF TRA1SMITTER - RECEIVER PAIR IRT (GHZ)
33 C )LkDA(z9T)= VAVEL(NCTH OF TRANSMITTER - RECEIVCk PAIR IRT
34 C (MICRONS)
35 C XT(IRI) X COORDINATE OF TRANSMITTER IRT (METERS)
36 C YT(IF) Y COURDINAE OF TRANSMITTER IRT (METERS)
37 C ZiIRT) Z COORDINATE OF TRANSMITTER IRT (MET S)

38 C XR(I9T) X COORDINATE OF RECEIVER IRT (METERS)
39 C YQ(IRT) a Y COORDINATE OF RECEIVER IRT (METERS)
Q0 C ZRcIRTi) Z COORDINATE OF RECEIVER IRT (METERS)
41 C XY.AR(IRT) : REAL PART OF THC COMPLEX INDEX OF REFRACTION FUR MODE
02 O DUST PkPTICtF' AT THE WAVELENGTH OF TRANSMI:TER -
a 3 - CEIVEo IRT
00 C XIAI(IRT) IMAGINARY PART OF i4E COMPLEX INDEX OF REFRACTIGN FOR
45 c 14OPE A DUST PARTICLES AT THE WAVELENGTH OF
46 C TRANSMITTER - RECEIVE- IRT
47 C X-RR(IPT) REAL PART OF THE COPLEX INIEx OF RFFRACTION FOR MODE
48 C A DUST P-RTICLES A

1 
THE WAVELENGTH OF TRANSMITTER -

49 C 2ECEIVER IRT
50 C Xt.FI(IRT) IMAGINARY "APT OF THE COMPLEX INDEX OF REFRACTION FOR
51 C HODF R DU;ST PARTICLES AT THE wAVFLEJrTH OF
52 iP.tS-17TER - ('EcEIVER 19-
53 C -"CL(IPT) = REAL "ART OF !HE COMPLEX INDEX OF REFRACTION FOR
50 C CARNON PARTICLES AT THE WAVELENGIH OF TRANSMITTER
55 C REC! VER IRT
56 C XNC:(IRT) x IMAGINARI PART Or THE COMPLEX INDEX OF REFRACTION FOR

57 C CARBON PARTICLES AT THE WAVELENGTH OF TRANSMITTER -

58 C RECEIVER IRT
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S9 C ANA = MEAN DIAMETER OF THE LOG NORMAL DISTRIBUTION FOR MUDE
60 C A OUST PARTICLES (MICRONS)

61 C SA = STANDARD I)EVIATIoN PARAMETER (IF THE LOG NORMAL

62 C DISTRIBUTION FOR MUDE A DUST PARTICLES

63 C AMIH0 z MINIMUM DIAMETER (IF THE POWER LAW DISfRIOUTIUN FOP

64 C MODE A DUST PARTICLES (MICRONS)

65 C AMAXA a MAXIMUM DIAMETER OF THE POWER LAW PISTRIBUTIUN FOR

66 C MODE A DUST PARTICLES (MICRONS)

67 C AMR 2 MEAN DIAMETER OF THE LOG NORMAL DISTRIBUTION FOR MODE

68 C 9 DUST PARTICLES (MICRONS)

69 C SB = STANDARD DEVIATION PARAMETER OF THE LOG NORt'AL
70 C DISTRIBUTION FOR MUDE B DUST PARTICLES
71 C AMINE = MINIMUM DIAMETER OF THE POnE'l LAA OISTRIBITION FOR
72 C MODE 9 DUST PARTICLES (MICRONS)
73 C AMAXR x MAXIMUM DIAMETER 11F THE POmER LAW DISTR!BUTION FOR

74 C MODE 8 DUST PARTICLES (MICRONS)

75 C AMC z MEAN DIAMETER OF THE LOG NORMAL DISTRTHUTIUN FOR
76 C CARBON PARTICLES (MICRUNS)

77 C SC a STANDARD DEVIATIn PAQAmETEP OF THE LOG NORMAL

78 C OISTRIBUTION FOR CARBON PARTICLES
79 C AMINC = MINIMUM DIAMETER OF THE POhER LAW DISTRIBUTION FOR

so C CARRON PARTICLES (MICRONS)

fi C AMAXC s MAXIMUM DIAMETER (IF THE POWER LIA DISTRIBUTICN FUR

82 C CARBON PARTICLE& (MICRONS)

83 C RHOG = BULK DENSITY OF IN SITU SOIL (GM/CM3)
R4 C RHOD = BULK DENSITY OF THE LOFTED VUST GRAINS (Gm/CM3)

a5 C RHOC 2 BULK DENSITY o" THE CARBON PARTICLES (GM/CM3)

84 C FH2O = SOIL MOISTURE FRACTION (MASS OF WATER IN SOIL DIVIDED

n7 C BY TOTAL MASS OF SOIL INCLUDING WATER)
88 C XLC 2 CARBON YIELD FRACTUN (LR OF CARBON PRODUCED PER LB

89 C OF TNT)

90 C RHAa a RATIO OF THE MASS Or NODE A DUST PARTICLES TO THE

91 C MASS OF MODE B DUST PARTICLES IN THE LOFTED CLOUD

92 C PRASE = RAIIU OF THE MASS IN THE BASE CLOUD TO THE MASS IN

93 C THE MAIN CLOUD
94 C PSF 2 ATMOSPHERIC PASOIILL STABILITY FACTOR (1 2 A, 2 a 8,

95 C 3 = C, a r 0, 5 a El

96 C ALPHA = AIR ENTRAINMENT FACTOR FOP RISING CLOUD MODEL

97 C CORAG = DRAG COEFFICIENT FOR RISING CLOUD MODEL

9A C AHnA 2 AMBIENT AIR DENSTTY AT GROUND LEVEL (GH/CM3)
q9 C ELEVG = ELEVATION OF GROUND LEVEL (METERS)

100 C TAIR = AIR TEMPERATURE A
T 

GROUND LEVEL (DEGREES K)

103 C TLAPSE = TEMPERATURE LAPSE RATE (DEGREES K/METER)
102 C ALTIV 2 ALTITUDE ABOVE GROUND OF INVERSION LAYER (METERS)

103 C VwIND = NEAN MIND VELOCITY AT REFERENCE ALTIIsI)E(HETERS/S)

104 C ALTw = WIND REFERENCE ALTITUDE (METERS)

105 C PVW = POWER LAW EXPONENT OF VERTICAL PROFILE OF MEAN WIND

106 C VELOCITY

OT C PHIxDG z AZIMUTH OF MEAN WIND VELOCITY (MEASURED CLOCKWISE
108 C FROM THE Y AXIS) ( DEGREES)

109 C N = NUMBER OF BURSTS
110 C uDG = NUMBER OF PARTICLE DIAMETER SIZE GROUPS

Ill C NRI NUMBER OF TRANSMTTTER - RECEIVER PAIRS
112 C NiTME c NUMBER OF CALCULATION TIMES

113 C NURO6 = NUMBER OF TFE PRESENT CASE BEING CALCULATED

114 C IPRINT = PRINT CONTROL OPTION (0 = PRINT DETAILS (IF PATH

it5 C INTEGRATION, I a PRINT ONLY SUMMARY OF THE PATH

116 C INTEGRATION)
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117 C DGROUP(IOG): MAXIMUM DIAMETER OF THE PARTICLES IN THE IOO SIZE
Ila C GROUP (MICRON$)
119 C TIMEdT) -THE IT CALCULATJO'4 TIME (SECONDS)
120 C
121 C
122 COMMON / CIwP-1 Iw(S0), FPCIO~t CT(10)- CP(I0), CYCIO), XBCIO)t
123 1 YO(l0), ZO(10), 008(10), FCM(OO). ACVfIO),
124 2 PHIHDG(fO)
125 COMMOn CiN4PT2 IFREOfIO), XLAMOA(IQ), XT(I0), YT(I0), ZT(10)f
126 1 XR(10). YR(30), ZR(I0)
'>1 7 CN0/ NT3/XNAR(10), XfNAIt30,1, XtJB-10), XNBI(10), XNCR(I0)

124 1 ,XNCI(10), AMA, S', AMIN^, AMAXAt PAP AMB, SOP
2 AmTNB, AMAXO, P5, AM.C, SC, AMINC, AMAXC, PC
C3 o-nN / CluPil / RHGG, RP'OD, P.;IOC, FIIZO, XLC, RHAS, ROASE

13! COkM'N / CINPT, / P37, ALPHA, CORAC., RMOA, ELEVG, TAIR, TIAPSE,
132 I ALTI. VWIND, ALTW, PYW, PHIWOG
1133 CUNON / CT 16 /Nw, ND, flAT, NTI'ME, NPRO8, IPRINT
134 COHMMON / CIIJPT7I OGROUP(50), TIME(25)
135 CO04"ON / TAPE / TAPEt JTAPE
13t C
137 DIMEN3ION INfEX(5011 HPS (6), Y(8), CAOD(15)
138 OAT ItiDEX Ii1 2, 3, UP, 5, 6, 7, 3, 9, 10 I , 1.10, 15,
'39 1 i,: 18, 10, 20, 21, 22, 23, 20, 25, 26, 27, 26P
11:0 2 2V, 30, 31, 32, 33, 34P 35, 36, 37, 38, 39, 40, 41,
14! 3 G2, 43, 44, 45., 46p 47, 08, 09, so
142 '.TA mPSF / IMA, .H8, IHC. ft1, 1HE, IMF
143 DATA CARD /I lil, 14B, 14C, 180, tHE, IMF, 1MG, tHH, IHI, IHJ, INK,
144 1 IML, IHN, 1INN, !HO

DATA BLANK f IM
.6 C

147 'NCARO x 0
148 NA x

109 0B
ISO NC x0
151 N, 0
352 l-K 0
153 C
150 C READ NEXT II.0UT CARD
155 1 READ(ZTAPE, 2) XCARO, I X(J), J 1, 8)
156 2 FORMAT( 41, E9.0, TE10.0)
157 C
151 C CHECK IF FTR!M COLUF'j 13 BLANK- N..j'CN 31GdFIES END OF INPUT DATA
159 C FOR THIS PPORLEM
160 IF( XCARD .NE. BLANK IGO TO 6
I4 C
16 C CHECK IF END OFV JOB Tt O6 LANK CARDS IN A ROK
163 IF( NCARD E-1. Ci ) STOP
364. C
165 C !'DUT HAS BEE!, READ, SFT C(OUN'TERS, FILL IN ANY DEFAULT VALUES
166 1F *.,1. Q ' A
16?, IF( 1C *CT. 0 )NP? '-C
16R IF( *- *CT. 0 ND NJ
f69 1F( U1, *GT. 0 )NTIE v ilK
!70 IFf Ni *E0. 0 G O TO I
171 N'oos M PAO93 + I
172 C

17 C CHCKIFTHREARE MORE GROUP A SETS THAN GROUP B SETS, IF SOI FILL
170 C IN PFST OF GROUP 3 SE.S WITH q1FAULT VALUES
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175 NDIF 2 NW NB
176 IF( NDIF LE. 0 )GO TO 4~177 NRI = NS

178 'SEND a NO + NOIF
179 DO 3 N URI, 'END
180 DU(ACN) 0.

18 FCH(N) 2 0.25
182 ACV(N) = 0.03

1RS pHIhIOC(N) 0.l8a 3 CONTINUE
185 C
86b C CHECK IF THERE ARE HORE GROUP C SETS THAN GROUP 0 SETS* IF SO FILL
17 C IN REST OF GROUP D SETS WITH nEFAULT VALUES
188 d NDIF = NRT - NO
189 IF( 'JOIF LE. 0 ) SO TO 100

190 NO$ NOI + I
1q9 NEND NO * NDIF
192 DO 5 4 = NOI, NEND
193 XtJAR(Nj z 1.66
190 XNA I (M 2 1.6E.2
195 XNBR(H1 z 1.66-

196 XNBI(N) z 1.6E-2
197 XNCR(N 2
198 XNCI(N) -1.

199 S CONTIN.,E
200 C
201 C NRITE OUT THE INPUT OATA FOR THIS PROBLEFS
202 GO TO 100

203 C20 c
_20o C

205 C GO TO THE APPROPRIATE INPUT GROUP. IF NO VALUE IS PROVIDED FOR A
206 C PARAMETER, USE DEFAULT VALUE
207 6 nO 7 ICtRO z t, 15

208 I x TCARO
209 IF( XCARO .EO. CARD(I) I GO TO 8

210 7 CONTINUE
zti GO TO I
212 8 NCARD 2 NCARD 1
213 cn TOC 10, 15# 20, 30o 40, S; 8, 5t0, 55, 60, 65, 70, 80 1, I
214 C
215 C INPUT GROUP A, YIELD, HYDRO FRACTION, SHAPE FACTORS, BURST

216 C COIORnINATES
217 10 IF(Xl) .LE. 0. ) GO TO I
218 NA 2 NA + 1
219 W(NAj : X(t)
220 FH(NA) : 0.5
221 IF( X(2) *GT. 0. ) FH(NJA) X X(2)
222 CT(NA) 1,
223 IF(X(I) *GT. 0. ) CT(NA) x K(3)

?2 CP(NA) = 1.
225 IF((4) .GT. 0. ) CP(NA) X K(4)

226 CV(NA) = 1.
227 !F( Xf5 .G7, 0. ) CV(NA) X K(5)
228 YR(tA) a X(b)
229 YR(NA) z X(7)
230 ZB(NA) = x18)
231 GO TO I

23? C
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233 C NPU, GROUP 8, DEPTH OF BURST, FRACTION OF APPARENT MASS LOFTED,
23 C LOADING FACTOR, SHELL TRACK AZIMUTH
235 IS N8 = M 4 1
236 DOR 0 8 X(1) 
237 FC-JC0) = 0.25
238 IF( Y(2) .G-. 0. FCM(NBl X(2)
239 ACV(t!B) 0.03
200 IF( X(;) *G0. 0. ) ACY(HB) a x(3)
201 PHIBr-Gf8) = x()

2Q3 C
zti C !'MUT GROUP C, FREJ2UENCY OR WAVELENGTH COORDINATES OF TRANSMITTER
24S C RFCE!'ER
206 20 NC • *

207 IF( (1) xt E. 0. AND. X(2) EQ0. 0. ) GO 10 22
248 IF! (2) .EG. 0. ) GO TO 21
2-q XL acA'(tic) =x(2)
250 VPJE NC) = 3.ES / XLAHDAIMC)
251 1 Tri

252 21 CPFn'-_ V-1)
253 CL.f(.Ci 3.E5 / FEn(NC)
25C zo 7n 23
255 2~ F f 1.Es
256 Y~ L h1 3.257 2.b 3F; { .E. t 0. ,AND. X(4) *EO. O, .AND. XCS) *EO. 0. ) GO TO 24

25A INC X(3)
259 YT(vNC) x0)
260 Z('C) Xf5)
26 10 TO 25
262 24 xT:NC) =500.
263 *T(NC) = s0.
26Q .;(Nc = 7.
265 25 IF( X(b) .(Q* 0. *AMD. X(7) .EQ. O0 .AND. X(8) *EQ. C. I GO TO 26
266 XR0(C) = X(61
267 YR(} Z X(7)

76 R(C) = X fF,)
260 GO Tn 27
270 26 XP(f'C - 500.
271 YR(HC) = 51.
272 Z"fC) 2,
271 27 GO Tn
27 C
275 C VPUT GROUP 0, INDICIES oF REFRACTION FOR MODE A DUST# NODE 8 DUST
276 C AND CAq6ON FOR EACH FREOUE4CY
2-

"  
30 N .") : .

XHLR(IUD! 1.66
e7Q IF! 7({) .iGT. B. XNARfND) £x(!)

20 XNA -3) 1.6E-2
201 iF{ Y(2i ,GT. 0. ) XNAI(ND) = XIZI
282 X'..Rf'm 1.66
283 X'! 7(3- ,GT. 0. XNBR(ND) a X(3)

2@ ~ ",0i,) 1 .6E-?

285 IF( x{a) GT. 0. 1 xNBI(ND) X([)
2A6 y'4CR(N90 2.
287 IF( Y(S) .GT. 0. 1 XNCR(VD) x(5)
288 XNCII(N)) z 1,
289 if(6) .Gr. 0. ) XNC!(NO) z X(6)

I:
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291 C
292 C INPUT GROUP E, OEN31TIES OF SOIL* OUST GRAINS AND CARBON# SOIL
293 C MOISTURE CONTENT, CARBON YIELD FRACTION. RATIOS OF MODE A TO MODE

L Y 294 C 8 MASS AND BASE TO MAIN CLOUD MASS

295 40 RHOG a 1.5
296 IF( XW) .GT. 0. ) RHOC 3 X(1
207 RHOD c 2.5
298 IF(X(2) *GT. 0. ) RHOD a 1(2
299 FH2O 0.15
300 IF( X(3) .GT. 0. ) FH20 a (3j

301 RmnC a 1.5
302 IFt X(4) .GT. 0. ) RHOC X(4i
303 XLC z 0.3
304 IF( X(S) GT, 0. ) XLC l(5)
30S PwAB a 0.25

306 IF( X(6) ,GT. 0. ) RHAB x X(6j
307 RBASE v 0:1
308 IF( A(?) .GT. 0. ) ABASE z X(7)
309 GU TI1I
310 C
311 C INPUT GROUPS ft G# AND H, PROBABILITY DISTRIBUTION PARAMETERS FOR

312 C THE M0E A. NODE 8f AND CARBON PARTICLES
313 4S IF( X(I) * X(2) .LE. 0. AND. 1(3) X M (8) * X(S) LE. 0. )GO TO I

314 AMA r X(W)
31S SA x 1(2)
316 AMINA a X(3)
317 AMAXA w X(4)
318 PA 8 X(S)
319 GO T I
320 48 IF( X) * 1(2) *LE. 0. ,ANDe X(3) * X(4) X I(S) *LE, 0, 1 GO TO I

321 AN9 3 X(I)
322 Se X x(2)
323 AMINB z X(3)
324 AMAx9 a x(4)
325 PeB a (5)
326 gO TOI
327 50 1FfX(I) * 1(2) *LE. 0. *AND, X(3) * X(4) X 1(5) LE. 0. 1 GO TO I

328 AMC X()

329 SC 3 X(2)
330 ANINC a x[3)

331 DMAXC a X()
332 PC a X(S)
333 Go to 
334 C
335 C INPUT GROUP I* ATMOSPHERIC AND RISING CLOUD PARAMETERS

336 55 PSF a 0.
337 IF( () .GT. c. ) P5F X 1(l)
338 ALPHA % 1.
339 IFf X(2) .GT. 0. ) ALPHA a XQ)
340 CORAG x 0.8
341 IF( X(3) *GT. 0. ) CORAG a X[31

342 
RHOA v X(4)

343 ELEVG x X(5)
344 IF( RHOA *LE. I.E-4 ) RHOA s 1 .225E-3 * EXP( - ELEVG I 8.4E3 3

34S TAIR • 288.
346 1F(X(6) .0. D,) TAIR z X(fi

307 TLAPSE a - 9.8E-3
348 IFf X(?) .HE. 0. 1 TLAPSE • xt?)

I79
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349 ALTIV - t.E3

350 IF( %(A) .GT. 0. ) ALTIV z X($1)
351 cS O T I

32 C
353 C 1-.Pi.T GROUP J, MEAN MIND VELOCITY* KIND REFERENCE ALTITUDE, POWER
3Sa C LAW EXPUNENT OF VERTICAL PROFtLEt WIND AZIMUTH

355 60 VWIN z 3.
3S6 IF( X(I) .GT. 0. VNAINO x X(i)
3S7 A'ic 2 10.

358 1F( X(2) .GT. 0. 3 ALTw M
359 PyW t 0.-

3h F( f .T.. PVH X(3)
361 o"2WnG X(4)

362

3ou !!;PU GOUP K, MAXIMUM DIAPMEERS OF PARTICLES IN THE SIZE GROUPS

_ 1 =( ) .LE. 0. 3 GO TO 67
30IF( 4i ,EQ. 0 ) Ge TO 66

3ba 1Ff (N) *LE. OGROUPCNJ) ) GO TO 6-
369 66 14J a N3 + I

370 DCGCnUP(NJ) X 1N)
'7' 67 C "TTNUE

37?2oT
3T3 C
374 C lfmPUT GROUP L, CALCULATION 1INES

375 70 0 72 4 ,
37b IF! X(N) LE. 0. ) GO TO 72
377 1Ff NK *EQ. 0 ) GO TO 71

378 :FC ({) A1E. TIHECNK) GO TO 72
379 71 iK~ a ux I
380 T1WE(NK) x X(N)
38- 72 CIp NUE
382 ;GOTI
3633 C
384 C 1-*U- ROUP N, CO:UTROL OPTIONS
385 80 IYP21T = 0
3ab IF(tt() .T. 0. ) IPRIT - I

387 Go TO I
3AS C
3,Q C
390 C 7-I SECTIOtt WRITES OUT THE INPUT DATA FOR THIS PROBLEM

11% 100 -RITE(JTAPE. 101) NPRO8
392 101 lOET(1H1.QbQ1 AS MUNITION
393 DUST CLOUD MODEL I/
394 INPUT DATA FOR PRUSL

395 3E ~NU~tF +13 /
MUNITION AND CRATER

3137 s PAM&'ETP3
398 blH0iac-UaST YIELD HYDRO INITIAL SHAPE FACTORS BURST

3q9 7PO1t t )OOINA
7
ES DEPTH OF LOFTFO LOADING SHELL 'RAC

001 91- '12h (C.8 TNT) FRACT1 ON ALOG CROSS VERTICAL X COORD.
02 1 Y Cf0O3. Z cOOpo. BURST MASS FICTUR AZIFUTM!

=01. 2-H ,122H TRACK TRACK (METERS)
n =on 3 ("FTERS) (METERS) f"ETEf3i FRACTION (H3/L8 INTI.1) (DEC)
405 .TRVTEJTIPEt 102) C C I, 'g(!), FW(CI) CT(I)p CP(I), CY(I). X801),
406 DYORI;, C(1). 00(1), FC(I). ACV I), PMB;DGfI) it 3 1* NW

ii-
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4307 102 FORMATIH s 13, F9.I, F9.1 , 9.1, P7.1. P8., P12.t, FI0.1, F10.1
008 to F9.1, P10.2, IPEIS,2, OPFI12.1
409 WRITECJTAPEt t03) RHOG, FH2(J, RHOD, AMA# SA, AMINA, AMAXA, PA,
010 1 RHOD# AMS, 38p AMINO. AMAX8, P8, RHOC, AMC# SC#

112 AMINE, AMAXC, PC. XLC, RHAB, ABASE
at? 103 FORMAT(1H0,22HRUL( DENSITY OF SOIL 8, F4.1, 7H GM/CM3
413 ItH P 24HSOIL MOISTURE FRACTION a, P5.2
414 21H0,77H S1ZE PROBABILITY OISTR
4115 31BUTION PARAMETERS / IHO,
£116 079H DENSITY MEAN STANDARD MINIMUM MAXIM
4;17 sum POWER LAW / IN
£318 678HMATERIAL (GH/CM3) DIAMETER DEVIATION DIAMETER DIANE I

86THR EPNET 1 (MICRONS) P4RAmETER (MICRONS) (MICR I
AL 90NS)/

IIH , 8NOV51 - A, F-.2, FIZ.2p P12.1, P13e1, F13.I, F10.1 /
2!H , 8NOV57 - 8, F9,2, F12.2, F12.1, P13,1, F13,1, 1 10.1 /
31H , bMCARBuN, F11.2, P12.2, F12.1 , F13.1, P13.1, 1 1091 /
£1HO#23HCARBON YIELD FRACTION a, FS.2

£326 SIN r29HRATIO MODE A TO MODE B MASS a, F5.2
'327 61H ,3IHRATIO*ASE (0 MAIN CLOUD MASS *, F5.2 I
£328 N a MINOC 10, NDG
£329 WRITE(JTAPE, 100) (INDEX(I), I 9 It N I430 104 FORMAT(IHO,80N MAXIMUM DIAMETERS OF[
£131 IPARTICLES IN EACH SIZE GROUP ,

4332 21HO, 17HSIZE GROUP NUM frRp 10, g1i
£333 WRITE(JAPE, 105) ( DGRUP(I), I x 1, N
434 105 FORMAT(IW 1I6HMAXIMUN DIAMETER, F7.1, 9Fi1.1
433S WRITE(JTAEt 106)
1136 106 FORMAT(IN ,11H (MICRONS)
£337 00 109 L 1, a
£338 NS r10 1 + I
£339 NF xNS +9
£300 IP( MDC .LT. MS ) GO TO 110
£341 NF z MINO( NF, WOG I
£302 WRITE(JTAPE, 107) ( IMDEX(N), N a MS, NF
£303 107 FORMAT(IHO,11X, 10111
£300 WRITE(JTAPE, 105) ( DGROUP(N); N *N3, NPF
005 108 FOR4ATMI , 12X* I0FII.1
446 109 CUNTINUE
£307 110 WRITECJTAPE, III) MPROB
44£38 111 FORMAT(IHI#6.4 INPUT DATA FOR P

£3501O,74 TRANSMITTER REC
£351 3EIVER PARAMETERS/
£352 1OIM, 90H PAIR PREUUENCY WAVELENGTH TRANSMITTER SOORDINATES
£353 5 RECEIVER COORDINAIFS
£354 614 , 95HNUMBER (0HZ) (MICRflNS) X COORO. Y COURD. z CO
055 70RD. x ConnD. Y COORD. 2 C.n~RD. f
4S56 81H1 e 9534 (METERS) (METERS) (MET
057 9ERS) (METERS) (METERS) (METERS)
£358 WRITE(JTAPE, 112) 1 , PREO(T), WLAMDA(I), XT(I), YlUI), ZT(I)o
"59 1XRMt, YRMJ, ZR(I ), 1 3c1. NRT
£360 t11? FOPHAT(IM t 13, IPEIO.2, OPF10.1, F12,1, SF11.1
£361 WRITE(JTAPE, 113) To ( ,RE0cI), XLAMO)A(I), XNAR(I), XNAICI),
£3 62 1 XNBR(I). XNBI(I?, XMCI3(I), XNCI(I)1, I1 1, NRT
463 113 FORMAT( H01/ 140,
064 1611H INOICIC3 OF RFFRA

A-



465 2CTIOm / 114,
'466 39214 PAIR ICREDUENCY WAVELENGTH OUST -MODE A DUST
467 '4 - MODE 8 C.ARBON / 114
466 5130HNUMBER (GHZ) (MICRONS) REAL PART IMAG PART REAL PA
469 6RT IMAG PART REAL PART fMAG PART/
470 7 ( IN 13, IPEI'4.2, OPF0ol, FIO.?, IPE1tJ.2p OPF1O.2, 1PE14.Zo
471 8 OPF10.2, IPEI'4.2

I--- - 472 IPSF IFIX( PSF
473 APSF c PSF(IPSF)
'47'4 hP:F.(JTAPE, IM'4 APSFp ALPHA, CDRAGv RIIDA, ELEVG, TAIR# TLAPSE,
475 1 ALTIV. VWINO, AITH, PVW, PHIWDG

476 114 0168H0 ATMOSPHERIC P

480 4 GROUND AIR TEMPERATURE INVERs1ON 4 A: LH LU RG /AHDNIY GOH

4151H14 )HTBLT ENTRAINMENT COEFFICIENT AT GROUND ELEVATIO
482 61 T~fIEPA-UE LAPSERATE LYRATTD

4PI T7114v 98HFACTOR FACTOR G/3 (ERS
484 8 (DEG K,, (DEG K/ M) (METERS)

I OPFIS.1/

Q8I2HO,47NMEAN WIND WIND REFERENCE WINO VERTICAL WIND/
883114 r49NVELOCITY ALTITUDE PROFILE POWER AZIMUTH/'48 ~ 4114 48H4 (M/85 (METERS) LAW EXPONENT (DEC)/

'4g0 51H , F6.1* FI4.1, F15.2, F13.t£ 491 c
492 RETURN

'493 C
494 END
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M-71
ISUBROUTINE PGROUP I

2 C
3 C THIS SUIBRUUTINE IS THE EXE.CUTIVE ROUTINE FOR THE CALCULATION UF
4 C THE PPOPA6ATION PARAMETERS FOR EACH CONTRIBUTING SIZE GROUP FOR
5 C EACH TYPE OF PARTICULATE MATERIAL FUR EACH FREQUENCY. THIS ROUTINE
6 C SETS UP THE INPUT TO SUBROUTINE COROUP, STORES THE OUTPUT IN THE

=7 C APPROPRIATE VARIABLES, ANDl AFTER ALL CALCULATIONS ARE CC4PLFTE
a C WRITES OUT THE RESULTS
9
10 C
it C INPUTS FROM CINPT COMMON AREAg
12 C RHOD = DEBSITY OF TE OUST RAINS (GM/CM3)

13 C RHOC = DENSITY OF THE CARBON PARTICULATES (GH/CM3)
14 C XNAR v REAL PART OF THE INDEX OF REFRACTION FOR MODE A OUST
I5 C PARTICULATES
1b C XNAI IMAGINARY PART OF THE INDEX OF REFRACTION FOR MODE A OUST
17 C PARTICLATEs

is C XNBR FAL PART OF THE INDFX OF REFRACTION FOR MODE 8 OUST

19 C PARTICULATES
P C XNRI IMAGINARY PART OF THE INDEX OF REFRACTION FOR MODE R OUST
21 C PARTICULATES
22 C XNCR 2 REAL PART OF THE INDEX OF REFRACTION FOR CARBON PARTICLES
23 C XNCI 2 IMAGINARY PART OF THF INDEX OF REFRACTION FOR CARBON
27 C PARTICULATES
25 C AMA LOG NORMAL MEAN DIAMETER PARAMETER FOR MODE A DUST
26 C PARTICLES (MICRONS)

27 C AND ©LOG NORMAL MEAN DIAMETER PARAMETER FOR MODE B OUST
28 C PARTICLES (MICRONS)
29 C AHC x LOG NORMAL MEAN DIAMETER PARAMETER FOR CARBON PARTICLES
30 C (MICRnS)
31 C SA c LOG NOaMAL STANDARD DEVIATION PARAMETER FOR MODE A DUST

32 C PARTICLES
37 C SB LOG NORMAL STADARD DEVIATION PARAMETER FOR MODE 8 DUST
34 C PARTICLES

35 C SC 2 LOG NORMAL STANDARD DEVIATION PARAMETER FOR CARBON
3b C PARTICLES
31 C AMINA POWER LAM MT'!AU DIAMETER FOR MODE A OUST PARTICLES.

30 C (MICRONS)
39 C THIS IS THE DIAMETER AT MHICH THE LOG NORMAL AND POWER

4D C LAW PROBABILITY DISTRIBUTIONS ARE JOINED To FORM THE
41 C HYBRID PROBABILITY DISTRIBUTION
02 C AMINA L POWER LAM MINIMUM DIAMETER FOR MODE B DUST PARTICLES.
AS C (MICRONS)
44 C AMTNC 1 TOWER LAM MINIMUM DIAMETER FOR CARBON PARTICLE,
45 C HICROAS)

46 C AMAXA 2 PIWFR LAW MAXIMUM DIAMETER FOR MODE A OUST PARTICLES
47 C (MICRINS)
ao C AMAXA PO.ER LAW MAXIMUM DIAMETER FOR MODE B OUST PARTICLES
49 C ["ICRONS)

so C AHAXAC POWER LAW MAXIMUM DIAMETER FOR CAUBON PARTICLES
51 C (MICRONS)
52 C PA s EXPr.N'RLT FOR POW LAW PROBABIL!TY DISTRIBUTION FOR THE

53 C MODE A DUST PARTICLES
54 C PB 2 EXPONENT FOP POWER LAW PROBAMILITY OISTRIBUTION FOR THE

55 C MODE B DUST PARTICLES
56 C PC EXPONENT FOR PIOWER LAW PROBABILITY DISTRIBUTION FOR THE
57 C CAPRON PARTICLES
5R C DGPOUP ARRAY OF MAXI4UM DIAMETERS OF PARTICLES IN EACH SIZE

83
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59 L GROUP (MICRONS)
60 C XLAMDA 2 ARRAY OF THE WAVELENGTHS OF THE TRANSMITTER - RECEIVER

6) C PAIRS (MICRONS)
62 C
63 C OUTPUTS TO CPGRP COMMON
64 C FNACT) NUHBER FPACTION OF PARTICLES IN SIZE GROUP I FOR MODE
65 C A OUST PARTICLES (RATIO OF NUMBER OF PARTICLES IN SIZE
66 C GROUP TO TOTAL NUMRER OF PARTICLES IN CISTRIBUTION
67 C FNR(I) a NUMBER FRACTION OF PARTICLES IN SIZE GROUP I FOR MODE
6a C B DUST PARTICLES
6" C FNC(I) x NUMBER FRACTION OF PARTICLES IN SIZE GROUP I FOR
70 C CAPION PARTICLES
7" C F'A(l) t -ASS FRACTION FOR SIE GROUP I FOR MODE A DUST

PAR'ICLES ( PAT:O oF MASS OF PARTICLES IN SIZE GROUP I
7 . TO TOTAL -1S! IL ISTRIBUTION I

r B 6CI' = " -S FRACTION FO SIZE GRz3UP I FOR MODE 9 DUST
" C PAu'ICLE5

6 -"C(I) -AS- FP!CTIO" COR OIZE GROUP I FOR CARRON PARTICLES
C FUGA(!" Nj' r P OF PARTICLES 

0
ER GRAM O

r 
mTERIAL IN SIZE GROUP

76 r 1 MODE A A DS
T 
PARTZCLES (NUMBER/GM)

79 C PNGB(I = NImbER OF PAP'CLES PER GRAM OF MATERIAL IN SIZE GROUP
C I FOR MODE B VUST PAPTICLES (NUMBER/GM)

81 C PGC{I) = ,U STR "I PI' RTCL.S "ER GRAM OF MATERIAL IN SIZE GROUP
82 C I FOR CARBON PARTICLES (NUMBER/Gm)
83 C aIGA;(I,J) AVERAGE ABSORPTIr,% CROSS SECTION PER PARTICLE IN SIZE
84 C GROUP I FU iAVEi NGTH J FOR MODE A DUB. PARTICLES
as C (Cm2)
86 C SIGAB(I,J) z AVERAGE ABSORPTION CROSS SECTION PER PARTICLE IN SIZE
87 C GROUP I FOR WAVELENGTH J FOR MODE B DUST PARTICLES

89 C SIGAC(IPJ) 2 AvERAGE ABSORPTION CROSS SECTION PER PARTICLE IN SIZE
90 C GROUP I FOR WAVEL.ENGTIS J FOR CARBON PARTICLES (CM2)
91 C SIGSA(ItJ) x AVERAGE SCATTERING CR(63S SECTION PER PARTICLE IN SIZE
92 C GROL'P I FOR WAVELENGTH J FOR MODE A DUST PARTICLES
Q3 C (CM2)
94 C SIGSR(IJ) 2 AVER GF SCATTERING CROSS SECTION PER PARTICLE IN SIZE
9s C GROUP FOR wAVELENGTH J FOR MODE 8 OUST PARTICLES
96 C (CM2)
97 C SIGSC(.#J) a AVERAGE SCATTERING CROSS SECTION PEC PARTICLE IN SIZE
98 C GROUP I FOR HAVELENGTH J FOR CARBON PARTICLES (CM2)
99 C SIGEA(IJ) c AERAGE EXTINCTIO.N CROSS SECTION PER PARTICLE IN SIZE

100 C GROUP I FOR wA%!ENG,4 J FOR MODE A ')UST PARTICLES
lOt C .C-2)
10? C SIGEM(IJ) c AVERAGE EXTINCTION CROSS SECTION PER PARTICLE IN SIZE
103 C COUP I FOR WAVELENG(P J FOR MODE B DUST PARTICLES
10 C (Cr2)
105 C SIGEC(IJ) AVERAGE EXTINCTInN CROSS SECTIUN PER PIRTICLE IN SIZE
10% C aROUP I FOR WAVELENrIH J FOR CA4, % PARTICLES (CM2)
107 C SIGBA(U.J) =VEAF C3CXSCATTC ZROSS SECTION PER PARTICLE IN
108 C SIZE GRN UP ! FOR 4AVELENGTH J FOR MODE A OUST
109 C PARTICLES (CMP)
I0 C SIGB(Ij) 2 AVERAGE BACKSCATTER CROSS SECTION PER PARTICLE IN
II| C S!7F GROUP I FOR WAVELENGTH J FOR mODE 0 DUST
112 C PARTICLES ;CM2)
113 C SIGBC(IJ) i AVERAGE BACKSCATTER CROSS SECTION PER PARTICLE IN
Ili C SIZE GROUP I Ff,q WAVELFNGTH J FOR CARBUN PARTICLES
115 C (CM2)
116 C CM(IAA(I.J) MASS ABSORPTION rOErFICTENT FO1R SIZE GROUP I AT

184



117 C WAVFLENGTH J FOP MODE A DIJST PARTICLES (CM2/GM)
118 C CMUAR(IJ) z MASS ABSORPTION COEFFICIENT FOR SIZE GRO)UP I AT
119 C WAVELENGTH J FOR MODE B DUST PARTICLES (CM2/GM)
120 C CMUACtIpJ) a MASS ABSORPTION r0EFFICIENT FOR SIZE GROUP I AT
121 C WAVELENGTH J FOR CARBON PARTICLES (CN2/GH)
122 C CMlSA(IJ) a MASS SCATTERING COEFFICIENT FOR SIZE GROUP I AT
123 C WAVELENGTH J FOR MODE A DUST PARTICLES (CM2/GM)
120 C CMuSR(IJ) MASS SCATTERING COEFFICIENT FUR SIZE GROUP I AT
125 C WAVELENGTH J FOR MODE B DUST PARTICLES (CM2/GM)
I6 C CMUSC(IJ) x MASS SCATTERING COEFFICIENT FOR SIZE GROUP I AT
127 C WAVELENGTH J FOR CARBON PARTICLES (CM2/GH)
128 C CMUEA(IgJ) • MASS EXTINCTION COfFFICIENT FOR SIZE GPOUP I AT
129 C wAVELENGTH J FOR MODE A DUST PARIICLES CCM2/GM)
130 C CMUER(IJ) x MASS EXTINCTION COEFFICIENT FOR SIZF GROUP I AT
131 C WAVELENGTH J3 FUR NOUDE 8 DUST PARTICLES (CM2/GH)
132 C CMUEC(IJ) 2 MASS EXTINCTION COEFFICIENT FOR SIZE GROUP I AT
133 C WAVELENGTH J FOR CAPBON PARTICLES (CM2/GM)
13 C CMUBA(I#J) 2 MASS BACKSCATTER COEFFICIENT FOR SIZE GROUP I AT
135 C WAVELFNGTH J FOR MODE A DUST PARTICLES (CM2/GM)
136 C CMUBB(IJ) MASS BACKSCATTER COEFFICIENT FOR SIZE GROUP I AT
137 C kAVELENGTH J FOR MODE B DUST PARTICLES (CM2/GM)
138 C CMOBC(IJ) 2 MASS BACKSCATTER COEFFICIENT FOR SIZE GROUP I AT
139 C WAVELENGTH J FUR CARBON PARTICLES (CH2/GN)
IGO C CMUEMAfIRT) MEAN MASS EXTINCTION COEFFICIENT FOR THE ENTIRE MODE
lil r A PARTICLE DISTRIBUTION AT WAVELENGTH IRT (CH2/GM)
302 C CHUEMB(IRT) t MEAN MASS EXTINCTION COEFFICIENT FOR THE ENTIRE MODE
303 C B PARTICLE DISTRIBUTION AT WAVELENGTH IRT (CN2/GM)
140 C CMUEMC(IRT) 2 MEAN MASS EXTINCTION COEFFICIENT FOR THE ENTIRE
145 C CARBON PARTICLE DISTRIBUTION AT WAVELENGTH IRT
lob C (CM2/GM)
107 C CMUSMA(IRT) 9 MEAN MASS SCATTFRING COEFFICIENT FOR THE ENTIRE MODE
148 C A PARTICLE DISTRIBUTION AT WAVELENGTH IRT {CH2/GM)
309 C CMUSMB(IRT) 2 MEAN MASS SCATTERING COEFFICIENT FOR THE ENTIRE MIDE
I50 C R PARTICLE DISTRIBUTION AT WAVELENGTH IRT (CM2/GM)
151 C CMUSMC(IRT) 2 MEAN MASS SCATTERING COEFFICIENT FOR THE ENTIRE
152 C CARBON PARTICLE DISTRIBUTION AT WAVELENGTH IRT
153 C (CN2/GM)
354 C CMUrIMA(IRT) m MEAN MASS BACKSCATTE. oEFFICIENT FOR THE ENTIRE
155 C A PARTICLE DISTRIBUTION AT WAVELENGTH IRT (CH2/GM)
156 C CUBHMR(IRT) 2 MEAN MASS BACKSCATTER COEFFICIENT FOR THE ENTIRE
157 C B PARTICLE DISTRIBUTION AT WAVELENGTH IRT (CM21GM)
158 C CHU8MC(IRT) z MEAN MASS BACKSCAI7ER COEFFICIENT FOR THE ENTIRE
159 C CARBON PARTICLE DISTRIBUTION AT MAVELENJGTH IRT
160 C (CH2/GM)
161 C
162 C NOTE THAT THE MASS ABSORPTION COEFFICIENTS ANG ALL AVERAGE CROSS
1b3 C SECTIONS ARE NnT CARRIED EXPLICITLY BUT ARE CALCULATED WHEN NEEDED
164 C BY CMUAA(I,J) = CMUEA(I,J) . CWUSA(I,j)
165 C STGAA(IJ) 3 CMUAA(lJ) / PNGA(I)
166 C WITH SIMILAR RELATIONS FOR THE B AND C MATERIALS AND THE OTHER
367 C AVERAGE CROSS SECTIONS
168 C
169 C

170 CUMMON I CCGRP / HGRP, MSIZE# MSPHER, DLIOW, OHIGH, DM, S* DMIN#
171 3 OMAX, P, XR, XI, RHOI, PNG. FNf FH, SIGA& SIGS,172 2 SIGE, SIGB# SPN(21), CMUA, CMUS. CMUE. CHUB, 9L '

173 COMmON I CINPT2 / FREO(IO), XI.AMOA(IO), XT(1O), YT(10), Z7(10),174 1 RX(I0), YR(i0), ZR(IO)
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-a

175 COMMON ICINPTS XJAP.(10), XNAI(1O), XNRR(IO)t XNBI(lO)t XNCR(10)
i7~ I XNCI100), AMA* SA, AMINA, AMAXA, PA, AMlS. 38#

177 2 AYIN8, AtAXs# P8. AMC, 3C, AMINC, AHAXC, PC
178 COMMON ICINPIR / RHOG, RHOD, RHOC, FH? , XLC, AHAB, ROASE
179 COMMON I CINPT6 / NW, NOG, NR7, NTIME, NPROB, rPRINT
180 comnON / CINPT7 / DGROUP(50), TIME(2S)
lei COMMON / CPRP IFNA(S0), FNACSO), FNC(50)o FMA(50)# rmB(50)0
182 1 FMC(SO), PNGA(50), PNGB(50), PNGC(50),
183. 2 CI'u3#ISO,10), CMUSB(50,10), CMUJSC(50,t0)o
IPA 3 CMUEA(SO,10), CNIJ'EB(5O,101, CMUEC(50,10)t

I "t~zCMVRA(50,10), CN1Je5(50,10), CMUBC(so,1O)
Cow'ro'j TAvr I iAoE, JTAPE

p- 71'ENS'G. C'~IV .0) , rmUMu'ue~o,, CO'UE"C(1O)f CMUSHA(10),

2 JCi) FMDOO), P1'ASZ3Ft5Q
1 C

C SET F ~A~T NPAP.METEQ
IQ-DAT4 -RZI .

_5 C ZEPO (JUT TrhE FPEQUEC- CALCULATION CONTROL INDEX
1-b C ZEO : T$ EAN MASS COEFFICIENTS FOR THE THREE MATERIALS

107 Do 5 IRT 1,HRT

19q IF fI P T

240 C"UE- (IP.1 0.
201 CM4UE14C IT) 0.

c.1CMUS"Af1' =~ 0.
201 C'US"R1(IAT) c0.
20L4 CvU~xCt1RT) a 0.
205 CMUSMA (IQI R'
206 C MI-'4lR C1R 0
207 CMUS"'CURT) r 0.
208 5 CoINT;NuE
209 C
210 C ZERO CUT NUMBER AND MASS FRACTION PARAMETERS
2.1 DO 6 I'G A ,'.DG
212 FNA(IDS)
213 F0,(I0G) x0.
214 FNC(TOC) zA
2i5 FIA(TSC) =
216 Fm8CIDG) =0,
217 FMC(IOr) 0.
2t8 6 CONT I NU
219 C
220 C LOOP OvEQ THE MATERIALS
221 00 175 I"AT = 1. 3
222 C
223 C SET CNTROL VARIARLFS AND I'ViT PARAMETERS

2247 Gfl Trjt 8,1 20 )o, AT

22126 C !,AT t1 THE mATEPTA,15I MODE~ A MUST PARTICLEs
228 'P
229 IF( AMA *SA ,G1. 0. MNM -

230 IF( A'IINA * A"AXA *PA .GT. 0. 1MPL z-2I231 HSIZE a IH + MPL
?32 MSPHER
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iME

233 RHO a RHOD
234 0t! z t.E-4 AMA
235 3 x SA
236 OMIN z I.E-4 * ANINA
237 0MAX x I.E-4 * AMAXA
238 P PA
239 GO TO 30
240 c
241 C IHAT a 2 THE MATERIAL I HODE B DUST PARTICLES
242 £0 ML?: c 0
243 MPL a 0
200 IF( AM8 0 58 GT. 0. ) HLN u -1
245 IF( AHIN$ * AMAX8 a PB tGT. 0: ) WPL * -2
246 MSIZE HLN H HPL
247 MSPHER I I
244 RHO a RHOD

250 5 r S
25£ OHAX 2 I.E-4 * AxINB
252 OMAX w IE-4 * ANAX8
2S3 P x Ps

254 GO TO 30
255 C
256 C THAT * 3 THE MATERIAL 15 CARBoN PARTICLES
257 20 HLN 0
258 PL  0
259 IF( AMC * SC *GT. 0. ) HLM a -1
260 IF( AMINC * AMAXC a PC *GT. 0. MPL * -2
261 HSIZE s MLN 4 MPL
262 MSPHER U 1

263 RHO U RHOC
264 OH I £.E-4 a AHC
26S S z SC
266 DMIN a I.E-4 * AMINC
267 OMAX a I.E-4 * AMAXC
268 P a PC
269 C
270 C FUR THIS MATERIAL LOOP OVER WAVELENGTHS
271 30 00 170 IRT * It NRT
272 C
271 C CHECK IF THIS FREQUENCY IS THE SAME AS A PREVIOUSLv CALCULATED
27a C FREQI NCY
275 IF( fRT .EQ. I ) GO TO.38
276 IF( ISKIPCIRT) .GT. 0 ) GO TO 33
277 IRTI * IRT - £
278 On 31 InTC 3 I, IRTI
279 IRTP x IRTC
280 IFi XLAMDA(IRT) *EQ. XLAMDA(IRTC) ) GO TO 32
281 31 CONTINUE
282 GO TO 38
283 C
284 C FREQUENCY HAS BEEN CALCULATEO PREVIOUSLY# USE PREVIOUS RESULTS
285 32 ISKIP(IRT) a IRTP
286 33 TRTP z 13KTPCIRT)
287 00 17 TG x 1, NOG
288 GO TO( 34, 35, 36 1. IMAT
289 30 CHUEAUIOGIRT) a CmUFA(IDGe;RTP)
290 CMUSA{IDG#IRT) a CHUSA(IDG.TRTP)
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291 CU9A(IO,IRT) CHUFRA(IOG,IRyP)
29? CmUENA(IRT) CMIIEMA(URIP)
2)3 CmUS"~AU-71) =CiIUSMA(IRTP)
29L1 CMUP'-A(IRT) =CtO.)BMA( IRTP)
295S Gil TO k,7
296 35 CmUER(If0G,1RT) =CMUEB(IOG,IRTP)

207 CmUS9(!OG,1PT) =CIUSB(IDGtIRyP)
290 CMUFE(IOG,IRT) =CMl.J16CTODGIRTP)
270 CHUFMIPP) = UEFMIRTP)
300 UUSf(IPT) CmtUS-9 IPTP)

l0p Gil t' 17
30; 36 C-lJCC0DG,IR1T) =CMUEC(IOG,IRTP)

C",USC(TODG,IRT) =CM4USC'IO)G,1RTP)
305 :"ijiC(TIGt1RT) =CMUBC(IDGIRTP)
.06 CtE'4C(!RT) CNIJEmC(IRTP)
307 CIUSm(I0T) CmUS'C(IPTp)

309 37 C014T 7NItF
310 ril iO 170
'11 C
112 r FR0 1E'LY '"49 NOT BEE!! _.,ULATED PREVIOUSLY, DO CALCULATIONS
313
3i4J C KET ELEU(,Th FOR CCGRP COM",qN
315 -11 *L = .E-4 * Y LAMOA(IRT)
31(' C
317 C SET 317' G0LtlP CALCULATIOnt INDOICATOR

30 c i;TTALIzc TPME MAXIM.UM GQO!2" EXTINCTION CONTRI'IUT1OW

320 FmAx 7 .
321
322 C SET 1'OICIES (IF --- F0ACTI0N.
323 rCO 7;1( 'J0, 30, 60 3.IMAT
324 4JQ XP X44R(IRT)
325 =XPNA1(' T)
326 Go i0 70
327 50 XP XNHP(IRT)
328 =I X1,9
32q Tr)1 70
330 1.1 XR =XNCRUNRT)
33, X, = '- ! !7

Ile 10 -'1111 INIE
333 C

33 C LtjIP (110 SIZE GPOU)PS. START wi~ THE SMALLEST SIZE GROUP, STOP
335 f 2-flW' C.LCULATI(PJS T,,fN EX~ITCII0 CONTRIfxUTION FROM LAST GROJP IS
336 c LESS TIAN I.E-6 OF 'AXI"'m .- ',1IP EXTINCTION CONTRIBUTION
337 W', 160 106,-I NDG
338 c
33Q C CHECX IF EXT114CTI. t0'NTRjiqlTjtoN FROM THE SIZE GROUPS NAVE
300 C AECO"E NEGLIc 16LF
341 !F( ICAIC .EQ. n) Go To 150

31J3 C SET r.ROUP NUMBER FOP .CCRP COmFUN

306 C SET THE SI7F LIFITS FOR THIS SIZE GROUP
347 IF( ItGG CO. 1 ) GO TU So

3.8 flLO.. 1.E-4 vrmn* fr -



349 0141GH x t.E.C a OGRjUP(IDG)
350 GO TO 90
351 80 DLOW 0.
352 DMIGH *I.E-4 O GROUPCI)

4353 90 IF! OXIGH .LE. 0. ) GO Tn 160
354 C
355 C CALCULATE THE PROPAGATION PARAMETERS FOR THIS5 SIZE GROUP&
356 C WAVELENGTH# AND MATERIAL
357 CALL CGROUP
356 C
359 C SET THE PROPAGATION PARANETER
360 154 GO T0( 156, 157, 158 ), THAT
361 C
362 156 IF! FNA(10G) *LE. 0. )FNA(IOG) =FN
363 IF( FM4!IOG) *LE. 0. 1 FUACIOG) FM~
364 PNGACTOG) a PNG
365 CNUSA!IOGIRT) z Ct'US
366 CmUEA(IOG,IRT) x CMUE
361 CmUBA!IOGIRT) a CHUB
368 CmUEmA (If.T) x CHUEHA(IRT) * Fm.A(IOG) * CflUEAWlfGPIRT

-- 369 CMiUSPACIRT) u CMUSNACIRT) * FiMA(IOG) * CHUSA(IOG.IRT)
370 CmUBMA(IRT) xCMUBNA(IRT! + FmACIDG) * CNUBACIDGrIRt)
371 GO 10 159
372 C
313 157 IF( FNB(IOG) Lt.. 0. ) NB!IOG ) a FM
374 IF( FMR(IDG) ALE. 0. )FMB(IDOG) FMP
375 PNGR(Ir)G) 2PNG
376 CmUSB(IOGIRT) a CHUS
377 CMUE8!IOGP:RT) a CHUE
378 C"UBR(IDG.IRTj m CHUB
379 CHUENB!IRT) a CHUEMe(IRT) + FmB(IOG) * CNUE8(IDG.IRT)
380 CNUSNR!IRT) 2CHUSN8(IRT) + Fp"BCIOG) * CMUSO(IDGeIRT)
381 CMUBMB!IRT) a CMUBMBCIRT) + F.mB(IO6) * CNUBB(IOG#IRT)
382 GO TO 159
383 C
3" 15O IF! FNC(IOG) .LE. 0. ) FNC(IDG) a FN

385 IF! FC(IDG) *LE. 0. aN!~o FM

386 PNGC!IOG) xPMG
387 C'4USC(IOGrTR') 3CMUS

388 CmUEC(IOGPIRT) 3CMUE

389 CmUBC!IOIRT) xCHUB
390 CmtUENCCIRT) 2CMUENC(IRT) 4FmC(IOG) *CMUEC(IOG#IRT)
391 CMUSMCIRT) *CNUSMC!IRT) + FsqC!IOG) *CMUSC(IDG*IRT)

392 CmUBUCCIRI) c C,4URMC(IRT) + F.mCC1DG) CMUBC!IOG.IRI)
393
394 C SET MAXIMUM VALUE OF EXTINCTInN CONTRIBUTION
395 159 EMAX aANAXI( EMAX, FM *CHUE
396 IF( EMAX ALE. 0. 1GO To 160
397 C
398 C CHECK I EXTINCTION CONTRIBUTION IS NEGLIGIBLE
399 IF( FM * CMUE *GT. I.E-6 * EMAX 1GIJ TO 160
400 c
401 C EXTINCTION CONTRIBUTIOU HAS BECOME NEGLIGIBLE, SET CONTROL
402 C PARAMETER TO SKIP REST OF CROSS SECTION CALCULATIONS
403 ICAIC x 0
404 M 0.
005 FM 0.
406 Phc 0.

89



40(17 CHUS 0.
408 CHUE 0.
409 CHUB u 0.
410 C
411 160 CNNTINUE
412 C
41! 170 CNTINUE
414 C
415 175 CONlNUE

416 ciJ 1t7 C

0Q1 C WRITE OUT THE SIZE DISTRIBUTInN PROPAGATION PARAMETERS FOR THIS
40 C PROBLE-
4120 C
421 180 00 lco THAT 1, 3
422 C
423 '00 20c. !RT 1, N.RT
2a C
42-' C CHECK IF THIS FREOUENCY 13 THE SAME AS A PREVIOUS FREQUENCY
'426 c IF n4) SK'P REPRINTING THE PROpLGATION PARAMETERS
427 IF' iSKIP(uT) .GT. 0 ) GO TO -190
026 C
2 c SET PR:NT LINE COU',TER
C30 ILINES - 13
031 C
432 WRITr(JTAPE, 190) 4PROB
433 190 FORMAT(1H1,70H ASL HUN
434 1IIIOM OUST CI.U') FODL I I
025 0,76H PROPAGATION CONSTANTS

3 F R PROBLEM NUMBER 1 13 /
a37 4 P;H (SIZE DISTR18UTION 0
438 S4LY, 010 FACTiON1ZATxON
439 C
440 ^0' To( 200, 210, 220 ) IHAT
441 C
442 200 WRITE(JTAPE, 202)
4a3 202 FORI'IT(H0,70H DUST
440 !rPTICLES - MOD; A
-05 GO Tn 230
44t) 210 hRITE(JTAPE, 212)
447 21!' rOQAT(IHO,0f OUST
44F iPIRTICLES - MODE B )

409 GO Tn 230
d50 220 ""ITE(JTAPE, 22S)

451 225 FORMIT(|H0,66H CA
51 52 l0O' PARTICLES )

453 C
= 454 230 mg:;E(J;APE, 235) XLAMDA(IRT), FREO[IRT)

235 FO9HAT(l-i0, Q6" WAVELENGTH S

I F7.1, 21H 4ICRONS (FREnUENCY • IPE9.2. SH GHZ) / IH,
457 2I1CHSIZE MAXIMUM NUMBER OF NUMPER FRACTION MASS FRACT
-58 30n GROUP 4ASS COEFFICIENTS ( FIRST LINE# CH2/GM ) / I"
45-- 4120HGROUP DIAMETER PARTICLES PER (NUMBER IN GROUP (MASS IN GR
460 SOUP AVERAGE CROSS SECTIONS f SECOND LINE, CM2/PARTICLE ) / IN!461 61H (MICROUS) GRAM IN GROUP /TOTAL NUMBER) /TOTAL HAS
4(2 73) ExTINCTION ABSORPTION SCATTERING BACKSCATTER
463 C
-60 D0 280 1G 1 . NOG
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465 C
466 GO TO( 2401 260. 270 To THAT
467 240 IF( CNUEA(IOG,IRT) *EQ. 0. )GO To 260
468 CmUAA s CHUEA(IDG#IRT) -CMUSA(IDG#IRT)

069 SIGEA 9 CMUEA(IOGIRT) IPNGA~tDG)
470 SIGAA z CMUAA / PNGA(IOG)
all SIGSA xCNUSACIOG,IHT) / PNGAf JOG)
472 S1^AA s C4UBA(IOG#IRT) / PNGA(IOG)
473 WkITE(JTAPE* 2S03 lOG, OGROUPfODG), PNGACIOG)o FNA(IOG), FMA(IOG)t
474 1 CNUEA(IOGPIRT)t CMUAA, C"M.AIOGIRT)t
475 2 CD4UBA(IDG,Z£3T)t SIGEA, SIGAA, SIGSA, SIGBA
476 250 FORMATfINO, 13, F1I.1, IPEIS.;. 2E17.3t EIS.3* 3E14.3 I
4177 TIN #63X, IPEI5.3# 3Et4.*
478 GO) T0 277
479 C
'380 260 IF( C:!UE8CIOG,IRT) .EQ. 0. GO TO 280.
/jet CMUAR a CMUEe(ICIG*IRT) -CMUSm(IOG,IRT)

4382 SIGER a CHUER(IOG,IRT) /PNGB(IDG)
4383 SIGAS CMUAB ! PNGB(IDG)
£184 SIGSB CNUSS(IDGeIRT) / PNGRf JOG)
"85 S1088 s CMUBOC106,IRT) / PNGB;IDG)
486 IRITEMJAPE, 265) IOG, OGROUP(IOG)* PNGSCIOG)t FNBfIOG)# FNB(IOC),
487 ICMUEB(IOG,IQT)f CMUAB, CMUSB(IOG,IRT)v
488 2 CHU~bOIOGfIQT)* SIGER, SIGABPS, 518 31088
489 265 FORMAT(HO, 13, F11.1, IPE15.3, 2E17.3p EIS,3# 3E14.3 f
ag0 11H 163Xv IPE1S.3, 3E18.32
491 GO TO 277
492 C
493 270 IF( CMUEC(IOG,JRT .EQ, 0. ) GO to0 280.
494 CHUAC a CH'ECUODG,IRT) -CNUSC(IrC2,IRT)

495 SIGEC x CH'JECC100,IRI) /PNGCCIOG)
496 SIGAC aCHUAC / O'NGCCIOG)
4297 31GSC a CMUSC(IDG,IRT) / PNGC(1OG)
4911 SIGHC aCNUBC(IDGIRT) / PNGC(1OG)
499 WRITE(JTAPE, 275) IDr., DGGCUP(IOG), PNGCCIOG)* FNC(IDG)t FNC()104)t
Soo I CMUEC(IOG#IRT)* CMUAC, CHUSC(IDGU'-T),
501 2 CHUBC(IDG*IRT), SIGEC, SIGAC, 3IGSC, SIGBC
502 275 FtJRMAT(1NO, 13* Flt.!, IPE15.3, 2E17.3, EIS*3. 3E14.3/
503 1ii .63y, IPEI5,3, 3E14.3
504 C
505 277 1I.I:ES 2 ILINES * 3
506 1F( ITRES LT7. 50 ) GI TO 280
507 ILINES 7
50o PITE(JTAPE, 278 ) NPROB
509 278 FORHAT(IMI,).4 PROPAGATION CONSTANT
510 15 FOR PROBLEM NUMBFh # I3t 12H (CONTINUED) i IHIO,
511 2114&ESTZE NAXIMUN NUMBER OF NUMBER FRACTION H&SS FRACTI
512 3ON GROUlf MAZS COEFFICIENTS ( FIRST LINE# CM2/GM ) I I"E
513 U1ZOHGROuP DIAMETER PARTICLFS PEP (NUMBER IN GROUP (MASS GR
514 SOUP AVErAAGV CROSS SECTIONS ( SECOND LINE, C42/PARTICLE IN/1,
515 WINt (H1CRONL.) GRAN IN GROUP /TOTAL NUMBER) /TOTAL P'AS
516 73) EXTINCTION ABSORPTION SCATTERING BACKSCATTERI
517 C
518 28's CONTINUE
519 C
520 GO lflf 281, 243, 285 TH IAT
521 281 CHUAMA 9 COOFMA(IRT) - CHUSMAfZRT)

522 X23TE(JTAPEp 262) CMUEMA(IRT), CMIJAMA, CHUSMACIRT), CMUBP4A(IRT)
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5p3 Z8 FIIPMATI lHO, 9H EN~TIRE# 55X, IP4EIO.3/ IN 1 2HDISTRIBUT1014
524 GO Tn '90
525 283 CHIIA-48 =CMUEMS(IRT) - CHUSHR(IRT)
526 4RII(JTAPE, 284) CMUEARCIRT), CMUAMR, CNUSMS(IRT)p CMUSHB(IRT)
527 ?8Q FOQ4ATC PlO, 9H ENTIRE# 5SX, IP4EI4.3/ IN , 2HOISTRIBUTIOJ
528 Go1 To 290
529 285 C- A'MC =CHUEHCCIRT) - CMUSMC(IRT)
530 hMRTF(JTAPE, 286) CM'UEIC(IRT), CHUANC, CHUSHC(IRT), CHUBI4C(IRT)
531 286 FORMLTC IM0, qH ENTIRE, 5SX, iP4EILI.3/ IN , IZDISTRIaUlIOJ
53Z

537 c

530 !- 5SF7' qE'F:NE lHE A-QS r2ACTIONS AND CPOSS SECTIONS IN
~~~.--) s: JJP'PEAHHTEfl!A TO ACCOUNT FOv THE ExFECTS OF

5.13 C LOOP ,IER THE MATERIALS
saij Z 610 IHAT c 1, 3

56 C SET Tfh- S122: DISTRIBUTION HAS$ FRACTIONS FOR THIS MATERIAL
547 10 T., (eO Q0,00, 440 1, IHAT
I0 C

500 C UST 40MDE A
403 00 010 1OG z . NOG

5
5e Q10 COJT I HUE
553 460OaO

555 C DUST - MODE 8
556 420 00 430 :DG a 1, ND
557?-(.G F4RCIDG)
558 030 CONTJE
550 7n abt06
560

5. C tAHtflq
C. 40 P-1 CS0 lOG NOG HO3

-- 563 r--1 1 r)3 FMC;IrDGIA
S&ZI 050 C'.-:1 :-aE

=565 C
5 C CALCUL&TE THE PARTIAL MASS FRACTION-S ( 4A3S OF MATERIAL IN THE IOG

I IE 4U IVDD~TH ~ F ASSIN ALL GROUPS LARGER THAN

C THE JOG. SIZE GPOUP
50 b 60 PWASsrCUOG) 0.

470 LOG 2, NJOG
5-2G !VS = O * I - LOG

-~~~s-s +7 :t"-RSH DS* M(IOG + Ji
PMASSF(IDG) =0.

5?"IP( -;MASS .GT. 0. ) PMA3SF(IftC) F"DWI SUMASS

576 070 C 0 1I'LE
= 577 C
=578 C C.CUL AT E THE 'JEw 1ASS FRCTION Xo9 EACH SIZE G40UP

579 SU wpmv = 0.
=5a3 D')2 s OG~ 1, FNOG
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___Sol FR__ 1. ___

58140FM(O) (O FRZT1 + 1.T UMM

586a @7 GO T70 50. 90 503.HA

S87 490 Fm8(lO.) FMH(IOG) *CFRZTl + FRZT 3 UMPMF
588 GO TO 510
589 500 FmC(IOC) x FMC(1OG) *CFRZTI + FRZT hSUmPHF i
590 510 SUPMF =SUMPHF *PMASSF (JOG)
591 520 CnuTiNUE
5Q2 C
593 C CALCULATE THE CROSS SECTIONS FOR EACH SIZE GROUP FOR EACH
594 C FREQUENCY
S95 C LOOP OVER THE FREQUENCIES i
596 DO 805 IRT z 1. NRT

59(4 C CHECK IF ITS FREQUENaCY IS THE SAME AS A PREVIOUS FREQUENCY
599 IF( ISIP(RIRT) I.E. 0 3GO TO 565
600 C
601 C FREUUENCY 1S THE SAME, USE PREVIOUS RESULTS
602 TIP =ISKIRCIRT)
603 D0 560 IOG x 1, NOG
604 GO TO ( 530, 540# 550 )# THAT

605 S30 C'MUEA(tOG,IRT) x CP4UEA(IOGIRTP)
60b CHUSACJOG,IRT) =CHUSA(IOG.IRTP)
607 CNURA(IOGIRT) =CHURACIOG,tRTP)
808 GO TO 560
609 S40 CHUER(IDG,IRTi CNUEB(IOG.IRTP)
610 CPUSR(TOG#TRT) aCHUSH(IOG.IRTP)
611 C4UBRCIOG,IRT) z C0MUR8CIDG,IRTP)
612 GOJ TO 560
613 550 CmUEcCIOG.IRT) a CMUEC(IOG,iRjP)
614 CMUSCCIOGIRT) =CHUSCCIDS-IRTP,
615 CmtfiHCIIDG, IRTI CMURCCIOG#IPTP)
616 560 CON TI NUE

-- 617 GO TO 6)5
618 o C
619 C FREnUENSY 'SOT THE SAME, Do CALCULATIONS
620 565 SU'E c0.

=621 SUMS z 0.
6112 Suke 0.
623 00 600 TOG £2, NOG
624 LOG = TOG-I
625 FRZT1 a 1.
626 IF( JOG *EO. HOG 3Gfl TO 568
627 IF( FMO(IUG 4 1) *GT. 0. ) F47 T1I. FRZT
628 S68 GO T0 C 5701 580. 590 ), IHAT
620 570 StIME 2SUHE *PMASSF(LOG) *CmUEA(LDG,TRT)
630 SUMS =SUiMS * PHASSF(LDG.) *CNIISACLOG,JRT)
631 5U"a . SUMB * PMASSF(LOGJ CM'J8ACLOGvTRT)
632 IF( FIAC JG) .E. 3. ) GOl TO 00
633 CMUEAfTO,JRT) =FPN0tJ01) - t FRZ71 * CHIJEACZOG.TRT)
634 1 + FRZT SUNE j/FI-A(IDG)
635 CMUSA(lOGIRT) = FmDfInG) * f FRZT1 * CmIJSA(IDG.IRT)
636 1 * FR77 * SUMS /F"A(IDG)
637 CMI!RA(IOG,IRT) =FMD(10G) *CFRZTI a CPUIIA(IOG,IRT)
638 1 + FRZT SUMH FMA(InG)
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-- -.. a

619 ifl TO 690
640 580 SIN~E S UM! 4 PMASSFWDOG) * CyttEM(LGRT)
641 SUM3 SU-4S * PHASiFCLOG) - CHUSB(LDG,1RT)
bj2 SUMS = SU-8 + PNASSF(LOG) * CmUUB8(LDG,IRT)
603 IF! 'MARCIOG) ALE. 0. ) GO 70 600

&tE;;OC4,!RT' Fr'D(IDGI FP* a pr! CnUES(IDG.IRT)
I FAZT *k SUN!j FMB(IDG)

6C6 C"IfiZfl;T) =FMOCIOG) 7 VZTI * CMUSBCIDG,IRT)
ba"+ FRT - 50"S j / POC TG)

Q ~ CMU08 1-n ?T) = FMD(!OG) * f FRZTJ * CHUOB(TDG.IRT)
I , FDZT ASJmE F /VPB(JDG)

550 ~ 4 TO 7 600
61 590 SU"-E = 4.E PMASSF(LD)G- CMUECCLDG,IRT)

Sin'S =Sin'S * PmASSFfjJ'Z CpUSC(LDGIRT)
- ri*PMASSF(Lfl(fl 0 CHUSC(LDG.JRT)

IF( AECCO) 1. 0. ) GO Tn lP
CHUEC(TOGIRT) VhO.(IVIGr) r rRill * crflUECCIDG.IRT)

FRT*SlME )I / NC(IOG)
C"U~CT~lRT) FMOJDG)* CFRZTI # CHU;SC(IDG,IRT)

6,.C 'PtDIT F NDcG r. FPN. * CHUSBC(IOG,IRT)
6&1* FpaT sfl j F-MC!;DG)

C
600 Cr'JT;'iiE

C QTEr --T1F PQOPAGATIO'4 PARA"ETERS ImCLuOING THE EFFECTS OF
= 669 C F ACTTP7IATIPON

67r C
Do. E -"A 1

672 C
b73 0(. 7Q9 7 1 1, WZ!

5-5 C CFrVTS REUIC 5T(SAME AS a PREVIOUS FREOUEkCT
- £ )F SO SKIP QEDRI-f7T1G THEPm A~T PARAMETERS

IF( (il-P'jTl r7. 0 ) GO TO 790

t.1 C T I. -. -1E~ COUNTER

615 t'A 7 .4 ASL H~UN
IflS' CLOUD MODEL I

_=-21G7A. PQObAGATION CONSTANTS

!'POLEM IIMSR * 3 /f FRACTIONJZATION EPA

C
Go-r 620, 640, 4b'0 1, I-AT

= .--- C
6-'? 20 - C(JAE, 230)

630 f!-TI',Q DJST
bO-- IPACT*CLC-S -MO)DE A
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697 650 FORMAT(1N0,70H DUST
698 IPARTICLES f!U10E 8
699 GO TO 680
700 660 WRITE(JTAPEt 670)
701 670 FORMATCINO0,6 CA
702 IRRON PARTICLES
703 C
70LJ 680 WRITE(JVAPE# 690) XLANDACIRT); PREO(IRT)
705 690 PORMATCINO, 46H WAVELVIGTH
706 1 P7.1, 21H MICRONS (FRFOUENCY I PE9,2# SH GMZ) /IMOP
707 2 76HSIZE MAXIMUM MASS FRACTION GROUP HASS COEPPICIE
708 3NTS ( CMZ/GM IN/ #
709 4 86HGROUP DIAMETER (MASS IN GROUP EXTINCTION ABSORPTION S

- -710 5CATTERING RACKSCATTER/
lil 6 30H (MICRONS) /TOTAL MASS) /IN
7t2 C
713 00 780 IOG it ROG
I7I1( C
its GO TO ( 700# 720 740 )# IMAT
716 700 IF( CMUEA(IOG.RT) *EQ. 0. ) GO TO 780.
717 CHUAA a CNUEA(JDGIRT) - CMUSA(IOG#IRT)
718 hPTE(JTAPE, 710) IOG, OGROUPCIOG)t PMA(IOG)r CHUEA(IDG#IRT)o
719 1 CMUAA* CHUSA(IDGPIRT), CMURAIDG#IRT)
720 710 FORMMTIH 13# P11.1, 1PE13.3, 2Xp 4E14.3
721 GO TO 760
722 C
723 720 IF( CMIJEB(IOGIRT) *EQ. 0. 3GO TO 780.
724 CMUAR =CMUER(IDG#IRT) -CMIJSpfIDGIRT)
725 WRITE(JTAPEv 730) lOG, DGROIJPCIDG), P~e'!OG)t CHUEB(IDGeIRT)o
726 1 CmUAB, CMUSn(IDGIRT), CMUBDCIDG#IRT)
727 730 FORMAT(IH r 13, P11.1, 1PE13.3# 2X, 0Et4.3
728 GO TO 760
729 C
730 740 IP( CMUEC(IOG#IRT) .EQ. 0. ) rO To 780,
731 CMUAC a CMUEC(IDGPIRT) - CMUSC(IOG,IRT)
73;! "RITE(JTAPE, 750) lOG, nGROUPCIDG)t PMC(IDG)# CMUECCIDG#IRT)i
733 1CHIJAC, CMUScCIDGIRT), CMUBC(IDG#IRT)
734 750 PORMAT(I t 13, F11.1, IPE13.3, 2X* 4E14.3
735 C
736 760 TNES = ILNES + I
737 IF( ILINE) .LT. 50 3GO TO 780
738 ILINES a7
739 WRITE(JAPE, 770 ) NPROB
740 ?70 FORMATCIHI,73H PROPAGATION CONSTANT
742 1S POR PROBLEM NUMBER v 13, 12m (CONTINUED' IHO,
702 2 76HSIZE MAXIMUM MASS FRACTION GROUP MASS COEFFICIE
743 3NTS ( CM2/GM IN #I
744 4 86HCROUP DIAMETER (MASS IN GROUP EXTINCTION ABSORPTION S
745 5CATTERING BACKSCATTER/
746 6 30M (MICRONS) /TOTAL MASS) /IHO
747 C
748 780 CONTINUE
749 C
750 790 CONTINUE
751 C
752 800 C0'JTINUE
753 C
754 RETURN

755 C
756 END
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SUEROUTINE 
CGROUP

2 C
3 C THIS SURPOUTINE CALCULATES THE SCATTERING AND4 C EXTINCTION PARAMETERS FOR A GIVEN SIZE GROUP. THE RANGE OF5 C PARTICLE SIZES IN THE SIZE GRnUP CAN BE ONLY A SMALL SUBSET OF THE6 C wHOLE PARTICLr DISTRIBUTION RANGE OR CAN INCLUDE THE WHOLE7 C DISTRIRUTION. THREE TYPES OF PARTICLE SIZE PRORABILITY
8 C OISTRIBUTIONS ARE ALLOWED - LOG NORMAL, POWER LAW, OR HYBRID( Aq C LOG 4ORMAL JOINED TO A PONER LAW

10 C
11 IP!'T VAPIA8LES FROM CCGQ0 COMON
12 C AGP NI AFR OF THE GIVEN SIZE GROUP
13 C 3

4IZE 2 I THE PARTICLE SIZE DISTRIBUTION 1 LOG NORMAL14 C COMPUTE PARAMETERS INCLUDING SCATTERING PATTERN15 C - H "E PARTICLE SIZE OISTRIBUTION IS LOG NORMAL16 C COMPUTE PARAMETERs ( NO SCATTERING PATTERN17 2 Z THE PARTICLE SIZE DISTRIBUTION IS POWER LAWI8 COMPUTE PARAMEERS I;-'LUDING SCATTERING PATTERN19 x -2 THE PARTICLE 317E DISTRIBUTION IS POWER LAW20 C COkPUTE PARAMETERS I NO SCATTERING PATTERN I21 C * 3 THE PARTICLE ViZE DISTRIBUTION IS HYBRID22 C COMPUTE PARAKETEPS INCLUnXNG SCATTERING PfTTERN
2 C2 -3 THE PARTICLE SIZE DISTRI,UTION IS HYBRID
ai COMPUTE PARAMETERS ( NO SCATTERING PATTERN )

C HSPHER 2 I THE PARTICLES ARE SPHERICAL, USE STANDARD MIE THEORY?6 C v THE PARTICLES A NO'3PHERIC4L* USE MODIFIED mIE
27 C THEORY
Z8 C OLOM s LOOER LIMIT OF PARTICLE DIAMETER RANGE C CH )21 C DHIGH 2 UFPER LIMIT CF PAR-fCLE DIAMETER RANGE ( C4 )
30 C O N S MEAN DIAMETER PARAiEtER FOR LOG NORMAL ZND HYIRID31 C DISTRIRUTTONS CC )
32 C S !TANDAPO DEVIATI oN PARAMETER FOR LOG hOqNAL AND HYBRID33 C DISTRI UTIONS
34 C DMIN 2 HINIMUM PARTICLE DIAMETER FOR POWER LAW AND POINT AT35 C WHICH LOG NORMAL AND POWER LAW JOIN IN HYRRID36 C DISTRIRUTION ( CH )37 C Om.X MAX!UM PARTICLE DIAMETER FO POWER LA- '.NO HYBRID

-- 38 C DISTRIBUTIONS ( CM I39 C x PnFk LAW EXPON:ENT FnQ THi POWER LAW AND HYBP!D
40 C PRIB!ABILITY DISTPIBUTiONS
at C L WAVELENGTH CF THE INCIDENT RADIAT:ON i CHG2 Xq s REAL PART OF TRE -'PLEX INDFX OF REFRACTION OF THE

C 2ARTICLES
44 C XI IMAGTN4RY PART OF THE COMPLEX I?OEX Oc REFRACTTIN OF THE45 C PARTICLES ( THE INDEX I H u XR l*XI SD THAf BOTH YR

4b C Aid) Y1 ARE POS171YE)
41 C RHO DENSITY OF THE. PARTT*LES C G./CM3 )
48 C
49 C CtLC!LATD PARAMETERS, iJ1-TOUI S TO CCGRP CHMMON
so C PuG a NJO4R OF PARTICLES PER GRAM ( OF MATERIAL IN THE SIZE
5 3 C GPOUP
5) Fs 2 NUMMER FRACTION OF PiRTICLrS IN SMZC GROUO ( RATIO GF53 C NUqFR OF PARTICLES IN SIZE GROUP TO TOTAL NUMBER OF
54 PANILES IF: DISTIBT'TION )
55 C FH SS FRACTIT.N ( RATT OF MASS OF PARTICLES IN SIZE
56 C GROUP TO TUTAL MASS TN D:STRIRUTION )57 C SIGA AVERAGE ARSOPPT1.i CROSS SECTION PER PARTICLE
58 C IN THE GROUP f CM2
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S9 C 5105 AVERAGE SCATTERING CROSS SECTION PER PARTICLE
60 C IN 114E GROUP ( CM2
61 C 31GE a AVfRfIt EXTINCTION CROSS SECTION PER PARTICLE
62 -C IN THE GROUP I CM2
63 C 31GO AVERAGE CACKSCATTER CROSS SECTION PER PARTICLE
64 C IN THE GROUP C C42j
65 C SON *NORMALIZED SCATTERING PATTERN FOR THE PARTICLES IN THE
66 C GIVEN SIZE RANGE OLOw TO ONIGN. SPN(J) z SCATTERING
67 C FUNCTION AT THE SCATTERING ANGLE WHO0SE COSINE IS
68 C 0.1*CJ-1I), SPN 1S NORMALIZED SO THAT THE INTEGRAL OF
69 C 5PM OVER 4 PI STERADIANS EQUALS 4 P1 I IEp AN ISOTROPIC
70 C SCATTERING PATTERN H4AS SPN(ij a 1.0 FOR ALL J

71 C CMUA *MASS ABSORPTION COEFFICIENT C CN2/GN
72 C WHERE TH4E GRAMl OF MASS PENETRATED REFERS TO THE MASS
13 C OF PARTICLES IN THE SIZE GROUP
74 C CMOS a MtSS SCATTERING COEFFICIENT ( CN2/GH )
75 C CHUE a MASS EXTINCTION CCEFFICIENT C CMZ/GM
76 C CHUB a MASS 8ACKSCATA COEFFICIENT ( CM21GM

7? c THE MASS COEFFICIENTS ARE CALCULATED BY MULTIPLYING THE AVERAGE

78 C CROSS SECTION-PER PARTICLE BY THE NUMBER Of PARTICLES PER GRAM

a0 C NOTES

82 C LOG NORMAL 2EXPI .0.5*(LN(D/(OM),LN(3)AAZ2 3/ QRT(2*PIDaDALN(S)1

83 C WVHERE 0 X PARTICLE DIAMETER C CM

84 C POWER LANW (P-I)*D*.C..P)I(OMIN**(I.P)-DMAX**C1-P))V
85 C HYBRID *CI * LOG NORMAL FOR n BETWEEN 0 AND DMIN
86 C- C2 * POWER LAW FOR D BETWEEN OMIN AND DNAX
8T C WHERE Cl AND CZ ARE NORMALIZING CONSTANTS WHICH INSURE THAT
a$ C THE INTEGRAL OVER THE HYBRID PROBABILITY DISTRIBUTION FROM
69 C 0 TO DMAX EQUALS ONE# AND THAT THE LOG NORMAL AND POWER
90 C LAN DISTRIBUTIONS JOIN AT ONIN
91 .C
92 C
93 DIMENSION SPNLN(21), SPNPL(2I1
94 C
95 C SET VALUE OF PI

16 DATA P1 / 3.1415926S
97 C
98 COMMON ICCGRP M CRPf MSIZEP MSPHERP OLOW. DHIGH. ON, S, OMIN,
99 1 DNAX, P. XR, X1, RHO, PNG, PH , 1 GA* SIGS#

100 2 SIGEP SIGB 3PN(21)t CHUAP CMUS. CMUE, CMUB* WL

102 C ZERO OUT VARIABLES
103 SIGALN 0.
104 SIGSLN *0.
105 SIGELN z 0.
t06 SIGBLN 2 0.
107 SIGAPL 20.
108 SIGSPL x 0.
109 SIGEPL 20.

110 SIGBPL x0.
Ill DO 5 1 5 .21
112 SPNLNC 1 0.
it! SP'.PLC 1 0.
11ts S CONTINUE
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I1b C DEFAULT VALUES
117 IF( NSIZE Ell. 0 GO TO 83
It8 IF( MSPHER .EO. 0 ) MSPHER z I
119 IF( RHO ,EO. 0. ) RHO = 2.5
120 C
121 C CHECK THi] GROUP SIZE RANGE IS WITHIN SIZE DISTRIBUTION LIMITS
122 IF( WL .LE. 0. ) GO :0 83
123 ImS.7E -" iAS( hiZE.)
12a IF( OLOW .GE. OHIGH ) GO TO 83
125 IF( 0flW .IT. 0, ) DLOW a 0.
126 IF( IMSIZE *EO. I ) GO TO 84
127 IF( IMSIZE *EO. 2 ,AND. DLO,1 :LT. OHIN ) OLO DHIN
128 IF( OHIGH .GT. OMAX . DHIGH u OMAX
129 IF( CLOW .LT. OHIGH GO TO 84
130
131 83 SIGA 2 0.
132 SIGS 0.
133 SIGE 0.
"313 SIqB 2 0.
135 PNG 0.
136 F" 0.
131 FM 0.
13A GO TO 156
13'. C
10O C CHFCK ,-ICH nlIS.qI8UTION IS Tn BE USED
!1 G 6) TOC 65S 9S, 118 )p IMSIZE

-- j2 C

1133 C
1134 C OZ'JTRISUTION IF LOG NOP'AL
I1DS C CO[P;TF IJUV.BR AND MASS FRACTIONS
IR6 85 ALNS 2 ALOG( S
107 s03 x-1.
1138 F 2i = 0.
1Q F;41 - 0.
IS0 S02 ALOG( DMIGH / M ) nS
151 S03 v 3. * ALN3
152 IF( nLOW .LE. 0. ) GO TO 90
153 SO: z !LOG( LOW D 0" ) / ALNS
15' FI - CUmMOR( S01 I
155 FYI z CUMNOR( SOt S SD3 I
156 90 rVf2 x CUNJOR( SD2 )
IS- FM2 = CUHUOR( 502 - 303 1
15 sTV( 801 * S02 .LE. 0. ) GO TO 91

FN FN-- F3J,
160 IF( jn2 *LT. 0. F N - FN
161 GO TO 02
162 q| FM 1. - FIjI - FN2
.63 Q IF| ( SDI )03 * -D2 - So3) LE. 0. ) GO TO 93
160 FM F4t - FH2
165 IF( 5.2 - Sn3 *LT. 0, ) FM -Fm
166 GO TO 94
167 03 Fm i FMI - FM2
168 C
169 C COMPUTE AVERLGE CURED DIAMETER OF GROUP
170 94 D3L FM * DM**3 FXP( 9. * ALNS**2 / 2. ) / FN
171 c
172 C COUP.ITE CROSS SECTIONS AND SCATTERING PATTERJ( FOR POSITIVE MSIZE,
173 CALL CROSS( 4SIZE, "SPHER, GLOW, OHIGH, GM, S. GUM, WI, XR, XI
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174 1 SIGA. 51 SIGE* 1GB. SPN )
17S GO TO 155
176 C
177 C
178 C OISTjR'JTION IS POWER LAW
179 C COMPUTE NURPER AND MASS FRACTION
to 95 04 z 1. -
t8 FN u ( DLOM . OMP - D0IGH ** (MP ) O R DI|N O OMP - ONAX *0 OMP)
18i IF( a .EO. 4. ) GO TO 100
183 FMP a. - P
184 FM ( OLOW ** FmP - OHIGH * FMP ) / ( OMIN *F FHP D OMAX *0 FMP)
185 aO In 105
186 100 Fm a ALUG( OHIGH I DL0W ) / A OG ( OMAX / ONIN
187 C
1134 C COMPUTE AVERAGE CUBED DIAMETER C

r 
GROUP

189 105 CUMI z -OMP O R OMIN *0 OMP * DIAX *0 OMP I
190 IF( P .EQ. 4. GO TO 110
191 D3AVT a CORI * ( DMAX * FFP rMIN 0* FMP FMP
i2 GO TO 115
193 110 03AVT a CnNI o ALOG( OMAX / OmIN )
198 115 03AV O3AVT i FM / FN
lq5 C
196 C COMPUTE CROSS SECTIONS AND SCAT7ERING PATTERN( FOR POSITIVE "SIZE)
197 CALL CROSS( MSIZE# MSPHER# OLoWP DHIGHp DMtc. OMAX. Pf "Lo IRf XI,
198 1 SIGA. SIGS, SIGEf SIGB, SP)

199 GO TO 155
200 C
201 C
202 C DISTIOUTIUN IS HYBRID
203 C PRELIMINARY CALCULATIONS. 00 ONLY ONCE

205 t18 IF( MGRP .GT. I ) GO TO 128206

207 C COMPIITE NORMALIZING CONSTANTS Cl AND C2

208 ONP 3 I. - P
209 PPI a -UMP * OMIN 0* ( -P MN * ONP D OMAX *3 OMP I
210 ALNS • ALOG( S
211 SDI = ALOG( PHIN / ON I I ALN S
2t2 PL| * EXP( -301 *0 2 I 2. 3 I ( SORT( 2. * PI ) * OMIN * ALMS )
213 CUM z CUMNOR ( 301 1
24 IF( SDI .GT. 0. ) Ctl • 1. - CUM
215 C2 = 1. / ( 1. CUM * pp! / *LI
218 Cl x C2 PPI / PLI
217 C
218 C CALCULATE THE NUMBER AND MASS FRACTIONS OF THE LOG NORMAL A0
219 C PnwER LAW SEGMENTS OF THE HYBpIO DISTRIBUTION
220 FNPL = C2
?21 FNLN 2 1. - C2
222 03AVLN * ON *3 3 * EXP( 9. * ALNS ** 2 / 2. 1
223 COIN w -OMP / ( ORIN ** OMP - OMAX *4 OMP I
220 IF( P *EO. 4. 1 GO TO 120
225 FMP 3 4. -P
226 D3AVPL • CON * C OAX *0 FMP - ORIN * FMP ) / FMP
227 GU TO 125
225 120 O3AVPL * CONI * ALOG( DMAX /oMIN )

229 125 CU" = CUMNORC SOI - 3. * ALMS I
-30 IF( Sol - 3. 0 ALNS *GT. 0. 1 CUM • 1. - CUM
231 03AVi a Cl o D3AVLN * CUM C * O3AVPL
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232 FHPL z C2 nj3AVPL / 03AVH
233 FHLN = . - FHPL
234 126 CUNTINUE

235 C
236 C COPUIE THE MUHER FRACTION AtiD MASS FRACTION FOR THAT PART OF THE
231 C SVE GROUP THAT LIES IN THE LnG NORMAL PORTION OF THE HYBRID
238 C DISTRIRUTION
239 FNrL4 t 0.
211O FHCL'= = 0.
2011 IF( fLOw *GE. OmIN I GO TO 135

2
r
7 Pf'POR = AMIN1( OHGH, 0RIN

FNI x 0,

245 Sil = -.

24 'D? = -4LnG( 'UPPER / OR 3 / ALNS
27 303 = S. - ALNS

1F( LO. .LE. 0. ) GO TO 130

250 F.! = CUlP ,(SDI 3
251 Ffil CUmtJl,( '$01-! 303
252 130 F142 a CUMNOR( S02 I
253 FH? 2 CUMNOR( 52 - 303 3

o IF( SO! * S02 .LE. 0. ) G0 TO 131
255 FNGLN =C * C F - FN2 I
25b IF( S2 ,LT. 0. 3 FNGLN -FNGLN
257 G0 fn 132

298 131 FNGLN = C! * . - FR! - FN2 3
250 132 IF( ( SI - 53 * 5D2 - SO3 .LE. 0. 3 GO TO 133
2to FXGL4 C * 03AVLN * I F#! - FM& I / D3AVH
261 IF( 802 - S03 *LT. 0. 3 FMGLM = -FHGLN
262 GN TO 13a
263 33 FNGLJ = CI * 03AVLN . - FH! - FM2) / D3AVH
2641 C
265 C COMPITE CROSS SECTIONS FOR THIS PORTION OF THE SIZE GRO9P
i66 13c PSZE 1
267 IF( MSZE *LE. 0 ) SIZEH
26 CALL CROSS( HSIZzH, MSPHER, DLhn, OUPPER, DH, Se DUN, ML. XR, XIt
269 1 SIGALN, SJCSLN, STGEL4, SIGBLN, SPNLN )
270 C
271 C COmPITE THE NUMBER FRACTITN AND MASS FRACTION FOR TAT PART OF THE
27? C :IZE GROUP THAT LIES IN ThE PnhER LAw PORTION OF THE HYBRID
273 C DISTRIBUTION
274 135 FNCPL = 0.

27S FHGPL CO.

p76 IF( O4IGH *LE. OMIN ) GO TO 147
277 PLANFR AMAXIC OL01., Oin )
27r FNG'L CZ * I OLOWFQ ** iMP P ONION * OHP D ( 0HIN ** IMP

170| - OHAX ** 'IMP
?80 IF( P *EO. 4. 1 GP TO 140
Rl FHGPL = FPPL D OLOWER * FMp - OHIGH * FHP 3 / C O1IN** FaP
282 1 - omkX *. Flp 3
2F 3 O To lOS
Z84 ICo U FHPL * ALUG( 04:GH / ILOwER I / ALOG( ODAX / DMIN
285 C
286 C COMPUTE CROSS SECTIONS FOR THIS PORTION OF THE SIZE GROUP
287 105 NSIZEN = 2
288 IF( mSIZE LE. 0 ) MSIZEH z -p
289 CALL CROSS( HSIZEH, USPHER, OtO"ER, 0HIGH, DHN, OHAX, Pp ML, XR,
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290 1Xtr SIGAPLv S:GSPL- SIGEPL. SIGSPL. SPNPL
291 C
292 C
293 C COMPUTE NUMBER AND MASS FRACTIONS FOR THE SIZE GROUP
290 147 FN 3 FNGLJ + FNGPL
295 Fm x FNGLN 4 F"GPL
294 C
291 C C9IMPUTE AVERAGE CUBED DIAMETER OF GROUP
298 fl3AV aFM 0 3AVH f FN
294 COcT
300 C CMUECROSS SECTIONS FOR THE WHOLE SIZE GROUP

-- 301 COMI a FNGLN iCFNGLN + FNGPL
302 CON2 a 1. - CORI
303 SIGA a CONI * 53041W + COM2 *SIGAPI I
Usa 5105 z CORI * SIGSLN * CONZ * SIGSPL
305 SIGE CONI * SItELN + CON2 * SIGEPL
306 SIGR a CORI * SIGRIN 4 COW2 * SIGBPI I

-- 308 C COMPUTE NORMALIZED SCATTERING PATTERN FOR POSITIVE "SIZE
309 IF( "SIZE *LE; 0 ) GO TO £55
310 CONI CORI *S3CSLN I 1GS
311 CON2 a 1. - CONl

3a0 SOs1 1. o21
313 SPN( I I *CORI SPNLNC I )*CON2 *SPNPL( I

314 ISO CONTINUEI
315 C
316 C
31? C COMPUTE NUMBER Of PARTICLES PIR CRAM OF MATERIAL IN THE GROUP
318 S 15PN9Ga6. 1 (Pt ORNG 3AW
3t9 C
320 C COMPUTE MASS COEFFICIENTS

--- 321 156 CHU.A 2 PNG40 3 16A
322 CKiUS a PWG * SIGS
323 CHUE x PNO * SiGE
324 CHUB a PNc * %,Go
325 C
326 C
327 C THE CALCULATION FOR THIS SIZE GROUP ARE COMPLErE
328 C
329 RETURN
330
33£ END
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SUBROUTINE CROS!( "SIZE, MSP"FR, OLOW, DHIGHr DIM, 023. Po WL& XR.
2 1 XI, SIGA, SIGS SIGE. SLGB* SPR I
3 C
4 C
5 C THIS ROUTINE CALCULATES THE AVERAGE ABSORPTION, SCATTERING,
I, C EXTINICTION AND rACKSCATTER CROSS SECTIONS PER PARTICLE AND THE
7 C NURMALIZED SCATTERING PATTERN FOR PARTICLES WITH DIAMETERS IN THE
8 C SIZE INTERVAL 0LOW TO DMIGH. THESE PARTICLES ARE A SUBSET OF A
9 C COLLEC!ION OF PARTICLES WHOSE SIZES HAVE A LOG NORMAL OR A POWER
10 c LAN PRBABILITY DISTRIBUTION. THE PARTICLES CAN BE SPHERICAL OR
i! C '-ONSP E ECAL

3 C INPUTS
20 C MSIZE = I THE PA2RTCLES HAVE A LOG NORMAL SIZE DISTRIBUTION,
Is C CCMPUTE CROSS SECTIONS AND SCATTERING PATTERN
1|. C a -1 THE PARTICLES HAVE A LOG NORMAL SIZE DISTRIBUTION,
17 C COMPUTE CROSS SECTIONS
18 C 2 2 THE PARTICLES HAVE A PORES LAW SIZE DISTRIBUTION,
19 C CUMPUTE CROSS SECTIONS AND SCATTERING PATTERN
20 C 9 -2 THE PARTICLES NAVE A POWER LAW SIZE DISTRIBUTION
21 C CVFPUTE CPOSS SECTIONS
22 C RSPHEq I THE PARTICLES ARE SPHERICAL, USE STANDARD HIE THEORY
23 C 2 THE PARTICLES ARE NONSPHERICAL, USE MODIFIEP "XE
24 C THEORY
2s C OL a LOOER LIMIT OF PARTICLE DIAMETER RANGE CL, WHERE L IS A
26 C LENGTH UNIT SUCH AS HICRGOS, CENTIMETERS METERS, ETC. )
27 C zIGH 2 UPPER LIMIT OF PARTICLE DIAMETER RANGE (LI

28 C D.N M WEAN DIAPETER PARAMETER FOR THE LOG NORMAL DISTRIBUTION
29 C (L)
30 C 2 NINIMU- DIAMETER OF POWER LAN DISTRIBUTION (L)
31 C DZS x STANDARD DEVIATION PARAMETER OF THE LOG NORMAL
3? C DISTPRIUTO
33 C A AXIMUM DIAMETER OF ThE POWER LAW D13TRIBUTION (L)
34 C p POWER LAW EXPONENT OF THE PONER LAN DISTRIBUTION
35 C %L x -AVELENGTH OF TME INCIDENT RADIATION (L)
38 C xR 2 REAL PART OF T4E COMPLEX INDEX OF REFRACTION OF THE
3T C PARTICLES
3R C XI 1 MGINARY PART CF ThE COMPLEX INDEX OF REFRACTION CF THE
39 C PAPTICLES f THE INDEX IS H IR - I&XI SO THAT BOTH XR
00 C AND XI ARE POSITIVE I
41 C
42 C OUTPUTS
43 C SIGA : AVERAGE ARSORPTIO'j CROSS SELTION PER PARTICLE ( L**2 )
44 C 51Gs 2 AVERAGE SCATTERING CROSS SECTION PER PARTICLE ( LA*2 )
45 C S E AVEPAGE EXTINCTION rOSS SECT!ON PER PARTICLE C La'? )
46 C SINS 2 AVERAGE RACKSCATTE CROSS SECTION PER PARTICLE C L*2
07 C SPm 2 NORMALIZED SCATTERI-:G PAT'ERN FOR THE PART'CLES IN THE
:86 GIVEN SIZE RANGE DLn. TO DHIGH. SPN(JI = SCATTERING
g C FUNCTION AT ?.E SCATTEPRZN ANGLE WHOSE COSINE IS
50 C 0.*(J-11)# SPN IS NORNAL:ZED SO THAT THE INTEGRAL OF
51 C SPN OVER 0 P? *TERAnIANS EOUALS 4 PI ( IE. AN ISOTROPIC
52 C SCATTERING PATTERN HAS SPN(J) z 1.0 FOR ALL J )
53 C
5q C NOTES
55 C THE UNITS TO BE USED FOR IC LENGTH ) ARE THE USERS CHOICE BUT ALt

56 C DISTANCE INPUTS - DLIM, ONIOH. DIM, D2SC FOR PWLER LAN I. WL -
57 C "UST BE IN THE SAME UPjT3. THF CROSS SECTION OUT0UTS SIGA, SIGS,

w 58 C SlGE, SIGB ARE THEN IN UNITS OF L*42
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59 C TEOUTPUTS CALCULATE: SY THI PaITINE APE OE

C2 c IST6IBITION TIM4ES CROSS SECTIONAL AREA ( P1 0 DIAMETtO 4 )
63 C TIMES NIE EFFICIENCY. I'm 13 THE FRACTION OF THE TOTAL NUMBE.
64 C OF PARTICLES THAT ARE WITHIN THE SIZE RANGE 010W TO ONION
65 C SPN - NORMALIZED SCATTERING PATTERN FOR TdlE PARTICLES WITH
86 C DIAMETERS RETNEEN nLOW AND V'IGH. EVALUATED AT 21 POINTS,[
87 C WHERE THE COSINE OF THE SCATTERI-G ANGLE VARIES FROM -1 TO68 C #1 By 0.1 INCREMENTS. EijUATION IS ONE OVER TH'E SCATTERING
69 C CROSS ETONTIMES THE INTEi;PAL OVER PARTICLE DIAMETER FROMN
70 C OLD" TO DGIf OIF NORNP.I7.ED SCATTERING PATTERN AT PARTICLE
if C OIAtF.TEN TIMES PROAILITY DISTRIBUTION TIMES AREA( PI
72 C DIAMETER*02 / 4 j TIMES "If SCATTERING EFFICIENCY
73 C THE PROBA8IITY DISTRIBUTIONS ARE
78 LOG NORMAL EXPi -0.S*(LNCO/DM)/LM(S)i**2 /CSORT(2*P1).DOLN(S)1
75 C WHERE 0 PARTICLE DIAMETER I L I
78 C DN DI0N, "EAU PARTICLE DIAMETER PARA14ETER I L)
77 C S 023, STANDARD DEVIATION PARAMETER
78 C POWER LAW PlDh(P(MT*CP) MAa(P3
79 C WHERE DnmI x DIN, MINIMUM PARTICLE DIAMETER OF
80o DISTgIIIUTION
Rj C DMAX x D23, MAXIMUM PARTICLE DIAMETER OF
82 C DISTRIBUTION

A83 C IF FOR THE LOG NORMAL DISTRIBUTION 010W 2 0 AND DNIGIN 13
84 C ESETAL INFINITE( LJCDHIGH/DINI .GT. ZOOLNCD2S) ) THE WHOLE
As C RARGE OF THE DISTRIBUTION IS COVERED AND THE CUIPUT3 ARE FOR ALL
86 C THE PARTICLES IN THE DISTRIBUSTION. SIMILARLY IF OLOW x DIM AND
87 C DHIGH a 02S, THEN THE WHOLE POWER LAW DISTRIBUTION 13 INCLUDED

69 C
90 DIMENSION SPUC21). SPC21i) SPICZI), 3PL(21)v SPUCZI)t SPJC21)

92 C SET VALUES OF PI, d*Pl. SORTC2.PI), AND 3QRTC2i
93 DATA PII 3.1a15926S it FOL8RPT 12.5683706 50 S2PI 2 .S0662$??/

1 * 322 / 1.41421356
q5 C

96 C INITIALIZATION - ZERO OUT VARIASLES
9? SICSz 0.
Its SIGE 2 0.
90 SIIGR 0.

1-20 OSIGEL 20
lot DO ? IP I, ?1
102 SPNC To z 0.
103 2 CIhTINUE
too C SET NUMBER oF STFPS INDICATOR
Ins NSTEP 0
106 C SET MIE DIMENSIONLESS SIZE PARAMETER INDICATOR
107 LINITA z 0
Ina C
109 C CHECK W'HICM DISTRIBUTION IS To HIE USED -LOG-NrS1MAL OR POWER LAW'
110 IF( IABS "SIZE I .Q. 2 1GO II0 6

112 C
113 C DISTPIAUIION IS LOG NORMPAL
Ila C SET HEAR VALUE AND STANDARD DEVIATION PARAMETERS
Its ON aDIM
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116 S 028
117 ALNS a ALOG( 3 )

119 c CALCULATE DIAMETER AT PEAr OF PROBABILITY DISTRIBUTION
120 DPEAK O EXPf -ALNS**2 I
121 C
122 C
123 C CALCULATE FN, THE FRACTION OF THE TOTAL NUMBER OF PARTICLES T||AT
124 C ARE IN THE GIVEN SIZE RANGE ( NUMBER OF PARTICLES WITH DIAMETERS
125 C BETWEEN 0LO AND DHIGH DIVIDED BY TOTAL NUMBER OF PARTICLES IN THE
!26 C DISTRIBUTION I
127 FN o
126 El z-I.
129 iF( OLOW LE. . ) GO TO 3
130 El a 4LOG( OLOW/ O ) / ALNS
131 FNJ x CUtJOR( El I
1t3Z3 E2 C ALOMf DHIGH i ON ) / ALMS
13, FN2 a CUMNOHf E2 )
134 IF( El * E2 .LF. 0. ) GO TO A
135 FN PNFI - FIN2
136 IF( E2 *LT. 0. 1 FN -FN
137 GO TO 5
138 4 FN=1. -FNI -FN2
139 C
140 C
141 C SET CoaSTANT FACTOR IN LO ;ORMAL PROBABILITY EQUATION
142 CONLN z 1. /f S02PI * ALNS * FN I
143 C IGTEGRATION STRATEGY
144 C IF OPEAK 13 WITHIN INTEGRAT!ON RANGE DLOW - OHIGHt START AT DPEAK
loS C AND INTEGRATE FORWARD TO ONICH, THEN RETURN TO OPEAK AND
146 C INTEGRATE BICKWARDS TO 0O1W. OTHERWISE IF DPEAK I3 LESS THAN DLOW
147 C START AT OLOV AND INTEGRATE FORWARDS TO DHIGH. IF DPEAK IS GREATER
148 -C THAN OHIGH. START AT DHIGF AND INTEGRATE BACKMARDS 10 DLOW

-= 149 OSTART --
-0 IF( OFEAK *GC. DHIGH I aO To i00
151 DSTART 2 PPEAXK
152 IF( DPEAK ,LE. DLOW j DSTART = DLO;

IS3 Go 1 T
154 C
155 C
156 C DISTRIBUTION IS POWER LAW
157 C SET 41NIUM AND MAXIMUM DIAMETERS
156 6 DUIN DIM
159 DOAX 0 02S
160 C
161 C CALCULATE FN FOR POWER LAW DISTRIPUTION
162 COP I . - P
163 F f DLUw**OMP - D.IGH**O04 i / ( D"IN**OMP OMAX**OMP )
160 C
165 C SET CONSTAT FACTOR IN POWER AN PROCABILITY EgUATION
166 Cv0%P-L -OMP /(fDMIN*SOMP - D4AXS*tIM? I FN
167 C
158 C INTEGRATIO4 $TRATEGY
169 C START AT DLOW, INTEGRATE FORWADD TO ONIG"
170 DSTART = OL3W
171 C
172 C
173 C THIS IS THE FODwARD TNTEGRATIPv SECTION

I0
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174 C
17S C SET THE INITIAL INTEGRATION STEP SIZE AND STARTING DIAMETER
176 70 a OSTART
177 DELTA a 0.2 * OSTART
179 C
179 C THIS IS THE FORWARD INTEGRATION LOOP
180 C INCREMENT NUMBER OF INTEGRATIoN STEPS
181 10 NSTEP * NSTEP * 1
162 C
183 C CALCULATE THE DINERSIOWLESS M;E PARAMETER FOR THE CURRENT DIAMETER
184 A ' AMINI( PI ODI/L, 100.)
185 C
186 C IK THIS VERSION WE LIMIT THE HIE SIZE PARAMETER TO Of EQUAL 10 100
187 C OR LESS. THIS LIMIT IS IMPOSED TO CONSERVE COMPUTER RUNNING TIME.
186 C THERE WILL BE NO LOSS OF ACCURACY ON CROSS SECTION CALCULATIONS.
169 C THERE HAI BE SOME ACCURACY LOSS IN THE SCATTERING PATTERN FOR A
lo C DISTRISUTION OF EXTREMELY LARCE SIZE PARTICLES
'91 C
192 C CALCULATE MIE PARAMETERS
193 C IF MIE SIZE LIMIT WAS REACHED LAST TIME, USE PREVIOUSLY COHPUIED
194 C VALUES
195 IF( LINITA .EO. I ) co TO 11
1q6 CALL HIE( MSIZE, HSPHE9, A, XR* XI, OSCA. QEXT# 0S SPU )
197 C
198 C CHECK IF HIE SIZE PARAMETER LIMIT HAS BEEN REACHED
199 IF( A .EQ. 100. ) LIMIT& x 1
200 C
201 C EVALUATE INTEGRANDS AND NORMALIZED SCATTERING PATTERN( FOR
202 C POSITIVE N!IZE ) AT CURRENT 0 VALUE
203 11 AREA w PI * 04*2 / 4.
204 IF( IARSf mSIZE .E9. 2 ) GO TO 12
205 PROS CONLN EXPC -OS ( ALOG( O/ O) ALNS )**2 )/D
206 OT) ) 13
207 12 PROS U CONPL / O*UP
208 13 CNST PROP * AREA
209 XINTS z CNST * OSCA
210 XINTE a CNST * OEXT
211 X;YR v CNST * Q8
212 IF( "SIZE .LE. 0 ) GO To 15
213 CONS = 4./ f ea QSCA )
210 on 14 IP a 1, 21
215 Sef 1P I a CONS SPU I1)
216 14 CONTINUE
217 C
21a C CHCK IF THIS IS THE FIRST EVALUATION POINT
219 15 1Ff NSTEP .GT. I ) GO TO 17
220 C
221 C SAVE IMTEGRAND VALUES FROM OSTART FOR SACKNARDS INTEGRATION
222 XINTSI x XINTS
223 XINTEI a XINTE
224 KINTRI z XINTR
225 IF( *SIZE .LE. 0 ) GO TO 5S
226 DO 16 TP 2 1. 21
227 SPI( !P ) aSP( IP)
228 16 CONTINUE
229 GO 1n 55
230 C
231 C USE POtER LAV INTEGRATION BETwEEN THIS POINT AND PREVIOUS POINT

I1 _
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232 C COMPUTE EMPWENT DF POKER LAW
233 17 ALDDL z ALOGI 0/P O
21* EKS ALOGC XINTS IXINTSL ) ALDOL
235 FxR ALOGf xI'ITB / XINTRL I /ALOOL
235 nE = ALMSC XINTE XINTEL I ALDOL
;37 C i
23R IF( Lest EXS + 1. 1 *LE. 1.E-3 3GO TO 18
239 115108 e xflT%! * (~ C D / ot)*L EX3 1. 2 -1. 1 3 Efl 4 1.

201 nil TO 20 I
242 18 D-5iGs S Xi4TSL aL 0 A' * -
2013 29 1Ff ARSE EXE + 1. 1 .LE. 1.E-3 I GO TO 25
206 5!E:XIjtTFL DL- ( (D/L)* EXE I.)1 1.)/(EXE4I1.=

206 0TO1

2Q7 25 Oslk-F = Jl 01 E D ALDOL
205 3C 3F( A9SC EXB 41. 1 *LE. I.E-; I GO 7O 351

=2039 03308R EIHTRL *DL* C D f) ni )*' LB 1. 3-1. f C EXB 4 1.
250 )1I
?51 Gil TO Z0
252 35 051CR s XINTRL *DL *ALOOL
253- C
25a C A00 C04IRIBUJTIOM MINM THIS IkREHCNT TO TOTAL
255 40 SIGS 5IM + OSIGS
256 SIC!E SlOE + O)SIGE
25? =I; S. 4 P53GB

=258 1F( NSjfl ALE. 0. i GIl TO 45
259 COM2 =05105 / 5105

-ab 2C ON* 7 COlN2
261 :!D 03 IP 121
262 EXSP =ALOGf 119175 SPC IP 3 / X INTSL *SPL( IP I AL~fL
263 1Ff Agsf EISP v1. 3 AE. 1S-3 I GO 10*41
?60 SoRI ;TO I tXJNTSL SP1,( IP i*DL # f C 0 / DL 3 a(EzSP f 1.
265 1 )-lI.)IC( XS:#.z1 # DSGS)

=266 U 7 -T a?
-= 267 01 P I0 = XIU-TSL *SPLt IP S* DL t ALODI I 10 -

268 yz 5v..f -0a z coflI * spNC IP I COn42 * SPIC lp
269 C35- - iJ E
270) C
271 C .-mCX IF THE INTEGRAL PARTIAL SUMS HAVE AL-1EADV CONVERGED TO FINAL
272 C V Fe S (JE, IF ALL SENSIBLE cOJTPIBUTTONIS 10T INTEGRALS 14AVE
-273 C 4L ZA0V BEEN INCLUDED I CRITERON 15 THAT -Z~ LAST CONTRIBUTION Tr
27;1 C THF FXINCTIOM CROSS SECTION C LESS THAN Ig**-I OF THE TOTAL
275 U, 1"US FAR

=27f% 45 I~F 'SIC!f / SIC! .LT. I.E-c I GO TO 100
277 C

=275 C CONVEGNCE MA$ NOT TET BEEN REACHED, 00O NEXT :7-:r9'lENT
279 C SAE ;qTEGRAND VALUES AnD DIAKET'R FP-r 11-1 STEP

?60 55CX1NJT3'=-XZ1175

282 ZINTR
2i3
2840F 1-C ZE .LE. 0 1 Gil. TO 61
285 D n 63 P 1. 21
286 5P1,f 10 1 5 P( OIP
267 50 CO-NTINUE
28n 61 1Ff -.STEP AE. 1 1GO TO 65
269 C

10



290 C COMPUTE STEP SIZE FOR NEXT INCREMENT
291 DELTA x D * AHAXI( 0.a; EXP( 1. / AMAXIC AIS( EXE ), 1. ) ) - 1. 1
292 RATIO x OSIGEL / DSIGE
293 IFf RATIO *GT. 1. ) DELTA a DELTA * RATIO
29 C
295 C SAVE OSIGE VALUE
296 OSIGFL D OSIGE
207 C
298 C CHECK IF FORWARD INTEGRATION LIMIT HAS BEEN REACHED
299 IF( n C-E. DHIGH ) GO TO 100
300 C
301 C LIMIT HAS NOT YET BEEN REACHED, INCREMENT D FOR NEXT STEP
302 65 0 a 0 + DELTA303 IF( O .GT. ONIHON D DHIGH

30a C DO NEXT SIEP
305 G0 to to
316 C
307 C
30 c THIS IS THE BACKWARDS INTEGRATION SECTION FOR THE LOG NORMAL
309 C AISTRIRUTION
310 C
311 c CHECK IF THE FORWARD INTEGRATION INCLUDED WHOLE INTEGRATION RANGE
312 100 IFf DSTART *EO. OLOM ) GO TO pO

33 C
318 C RESET INTEGRATION STEP COUNTER AND OSIGEL VALUE
315 NSTEP z 0
316 DSIGEL 2 0,
317 C
31A C IF FORWARD INTEGRATION BEGAN AT PROBABILITY PEAK, USE SAVED VALUES
319 C FOR STARTING POINT, OTHERW7SE CALCULATE STARTING VALUES
320 IF DSTART .EO. OPEAK GO TO 105
321 OSTART z DHIGH
322 D a DSTART
323 DELTA c -0.2 * DSTART
32-1 CO Tn 115
325 105 XINTSL a XINTSt
326 XINTFL x XINTEI

- 327 XINTBL a XINTfjI
3?8 0 z nsTART
329 DL z OSTART
330 DELTA = -0.2 * DSTART
331 NSTEP = I
332 1Ff MSIZE LE. 0 ) GO TO 165
333 DO It0 IP z t, 21
334 SPL( IP I c SPI( IP )
335 110 CONTINUE
336 GO Tn ,bS
337 C
336 C
339 C

t 310 C THIS IS THE BACKWARDS INTEGRATION LOOP
3111 C
342 115 NSTEP z NSTEP + I
3413 C
344 C CALCULATE THE DIHENSIONLESS HIE PARAMETER FOR THE CURRENT DIAHETER
345 A 2 AMINI( P1 * 0 / WL, 100. 3
346 C
347 C CALCULATE HIF PARAME7ERS

i07

N 107



rN

3Q(s C IF HIE SIZE LIMIT WAS REACHED LAST TIME, USE PREVIOUSLY COMPUTED
349 C VALUES
350 IF( LIHITA *EO. I ,AND. A .GE. 100, ) GO 70 117
351 C
352 CALL HIE( HSIZE, MSPHER, A* XR, XI# OSCA QEXTv 08# SPU
353 C
354 C CHECK IF HIE SIZE PARAMETER LIMIT HAS REEN REACHED
355 IF( A *EO. 100. ) LIMITA = I
356 C
357 C EVALUATE INTEGRANDS AND NORMALIZED SCATTERING PATTERN( FOR
356 C POSITIVE "SIZE ) AT CURRENT 0 VALUE
359 t17 AREA 2 P1 * 0**2 / I.
360 PROR = CONLN 0 EXP( -0.5 ( ALOG( D / DM ) / ALNS )**2 ) / D
361 CNST = PROB APEA
362 XINTS = CNST A OSCA
363 XIN7E CNST * OEXT
36U XI.TH = CNST 08
365 IF( mSIZE .LE. 0 ) GO TO 119
366 CONS A* I / ( *2 * OSCA )
367 00 -,S IP x 1, 21
369 IP( P ) m CONS * SPU [ IP
369 18 CONTINUE
370 C
37| C CHECK IF TH14 IS THE FIRST EVALUATION POINT
372 1!9 IF( NSTEP .LF. I G il TO 155
373 C
31 C USE PfjwER LAW INIEGRATflN RETWEEN THIS POINT AND PREVIOU3 POINT
375 C COMPUTE EXPuNENT OF POWER LAW
376 ALDDL v ALOG( OL I I )
377 EX3 ALOG( XINISL / XINTS ) ( ALDDL
370 EXE = ALOG( XWINTEL I XINTE ) / ALDDL
379 EXe ALOG( XINTRL / XINTS ) / ALODL
380 C
381 IF( AD5( EYS + 1. *LE. I.E-3 GO TO 120
3R2 nTGs XINIS D 0 * ( ( DL / D )**( EXS + 1. ) * 1, ) / ( EXS + 1.
303 1)
3A4 GO TO 125
385 120 DSIGS x XINTS D 0 * ALDDL
386 125 IF( ABS( EXE 1 1. ).LE. 1.E-3 ) GO TO 130
387 OSIGE = XINTE * D * C( OL / n )**( EXE + 1, 1 1. 2 ) ( EXE + 1,
388 1)
389 0o Tn 135
390 130 DSIGF = XINTE D D * ALDOL
391 135 IF( ACS ( EXK + 1. ) *LE. t.E.3 3 GO TO 100
392 051GR XINT1 D 0 f ( C DL / D )**( EXB + 1. - 1. ) / ( EXR 4 I.

390 GO TO 105
395 140 SIGR = XINtR * 0 , ALODL
396 C
197 C ADO CONTRIAUION FR(M THIS 3 c EmENT TO TOTAL
98 05s SiGs IG + OSIG
399 SIGE = SI+ Os
000 $Ina zSIGR DSIGB
0t1 IF( M.T1ZF LE. 0. 3 CO] To 150
002 CON2 0SIGS / 511S
003 CONS I. - CON2I '04 rm t':i 1P = 1,21
005 FXSP ALiJG( XINTSL * SPL( IP 3 / ( XINTS * SP( IP ) 3 3 ALDnt
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406 IF( ABS( ENSO 4 1, ) LEs I*E.3 G O TO 146
407 SPI( IP ) INTS *SPC IP D O L / 0 ) aCEMSP + 1. j
'l0s t. f .) EXSP + 1.) DSIGS)
409 Gn TO 101

410 14I6 SPIt IP ) X XINTS 3 P( IP ) 0 *ALOOL / DSIGS
411 147 SPNC IP ) x CONS SPNC IP ) + CON2 SPI s I
412 148 CONTINUE
413 C
4t& C CHECK IF CONVERGENCE HAS BEEN REACHED. CRITtRION IS THAT THE LAST
41S C CONTRIBUTION TO THE EXTINCTION CROSS SECTION 1S LESS THAN 10**-4
416 C OF THE TOTAL
417 150 If( DStGE / SIGE *LT. 1*1-4 )GO TO 200

418 C
019 C CONVERGENCE HAS NOT YET BEEN REACHED, DO NEXT INCREMENT

420 C SAVE INTEGRAND VALUES AND DIAM4ETER FROM THIS STEP

421 155 XINTSL 8 XtNTS
022 XINTEL z XINTE
423 XINT19L x XINTS

425 IF( MSTZE *LS, 0 )GO TO 161
426 no 160 IP a 1, 22
427 SPLt IP ) x SP( IP
428 160 CONTINUE
429 t61 IF( NSTEP *LE. 1 ) GO TO 16S
430 C
431 C COM'PUTE STEP SIZE FOR NE1T INCREMENT
432 DELTA a -f) a AMhAX1C 0., 1. *EXP( -1. IAHAXIC AS$( EXE )e 1.
433 1
434 RATIO N DSTGEL / DVIGE
43S IF( RATIO .GT. to DELTA -ANAXtC -0.9 Do0 DELTA *RATIO
436 C
437 C SAVE D31GE VALUE
438 DSIGEL x OSIGE
439 C
440 C CHECK IF BACKWARD INTEGRATION LIMIT HAS BEEN REACHED
441 IF( n *LE. OLOW ) GO TO 200

z C
4 C LIMIT HAS Not YET BEEN REACHED#, INCREMENT 0 FOR NEXT STEP

444 16S D a 0 + DELTA
44S IF( ) ALT. DLON 30 aOLOW
406 C DO NEXT STEP
407 60 TO II5
448 C
449 C
050 C INTEGRATION COMPLETE* SET VALuiE OFSIGA
451 200 SIGA xSIGE -STGS
452 C
453 RETURN
454 END

-2y.
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I SUBROUTINE MIE( MSIZE, MSPHER, X, DR, DI, QSCA* QEXT* 088 S
2 C
3 C THIS ROUTINE USES HIE THEORY TO CALCULATE THE EFFICIENCIES FOR
4 c SCATTERING AND ABSORPTION AND THE SCATTERING PATTERN FOR A SINGLE
5 C UNIFORM SPHERICAL PARTICLE
6 C
7 C 1HE kETHO) FOR MODIFYING THE HIE CALCULATION FOR NONSPHERICAL
8 C PARTICLES IS THAT OF CHYLEK# rRAMS, AND PINNICK
9 C LIGHT SCATTERING BY IRREGULAR RANDOMLY ORIENTED PARTICLES

10 C SCIENCE, VOL 193, 6 AUGUST 1976, PP 480-482
11 THE METHOD IS BASED ON THE ASSUMPTION THAT SURFACE NAVES ARE

12 C PRESENT IN SCATTERING BY S,4ERICAL PARTICLES, BUT THEY ARE ABSENT

13 C IN SCATTERING BY IRREGULAR PARTICLES
1 C
Is C INPUTS
16 C MSIZE 2 POSITIVE INTEGER# COMPUTE BCTH CROSS SECTIONS AND
17 C SCATTERING PATTERN
18 C t NEGATIVE INTEGER, COMPUTE CROSS SECTIONS ONLY
19 C MSPHER v I THE PARTICLES ARE SPHERICAL, USE STANDARD HIE THEORY

20 C 9 2 THE PARTICLES ARE NONSPHERICAL, USE MODIFIED HIE
21 C THEORY
22 C X a NORMALIZED SIZE PARAMETER, WHICH EQUALS TWO PT TIMES

23 C THE RADIUS OF THE SPHERE DIVIDED BY THE WAVELENGTH OF THE
24 C INCIDENT RADIATION
25 C DR a REAL PART OF THE COMPLEX INDEX OF REFRACTION OF THE

26 C SPHERE
27 C 01 a IMAGINARY PART OF THE COMPLEX INDEX OF REFRACTION OF THE
28 C SPHERE ( NOTE THAT THE COMPLEX INDEX OF REFRACTION IS
29 C ASSUMED TO BE M c DR - I*I So THAT BOTH DR AND DI ARE
30 C POSITIVE
31 C
32 C OUTPUTS
33 C OSCA v SCATTERING EFFICIENCy, WHICH EQUALS THE SCATTERING CROSS
34 C SECTI'1N OF THE SPHERE DIVIDED BY THE CROSS SECTIONAL AREA
35 C OF THE SPHERE ( SIGMA/(Pi*RADIUS**Z)
36 C OEXT EXTINCTION EFFICIENCY, WHICH EQUALS THE TOTAL
37 C ( SCATTERING + ABSORPTION ) CROS SECTION OF THE SPHERE
38 C DIVIDED BY THE CROSS SECTIONAL AREA OF THE SPHERE
39 C OFS BACKSCATTER EFFICIENCYt WHICH EQUALS THE SCATTERING CROSS
0 C SECTION( IN THE BACKWARDS DIRECTION) DIVIDE) BY THE CROSS

01 c SECTIONAL AREA OF THE SPHERE( SIGmA/(PI*RADIUS**2)
42 C S SCATTERING PATTERN4 OF THE RADIATION SCATTERED BY THE
03 C SPHERF, ASSUMING INCIDENT UNPOLARIZED RADIATION. S(J) 2

4413 C SCATTERING FUNCTION FOR THE SCATTERING ANGLE WHOSE COSINE
45 C IS 0.1(J-.1), S IS UN-NORmALIZED, THAT IS, THE INTEGRAL A

L' C OF S OVER '1 PI STERAnIANS EQUALS PI*SCA*X**2
'3? C

09 DIMENSION S(21), XHU(2I)t S(21), 32(21)o PPI(21), PP2(2I)v

0 1 PTI(21), PT2(2I), PT(21), PP(21)
51 DINSTON ANA(200)
52 COMPLEX DZEMIEh2,ENANFANR,ANZANBNCGSC
53 COMPLEX S1, S2

55 C SET THE VALUES OF THE COSINE F THE SCATTERING ANGLE AT WHICH THE
S C SCAITERING PATTERN 13 TO BE EVALUATED
57 DATA x-U / -I., -.*, -.8, -.7, -.6, -.5, -.4, -.3, -.2, -. 1, 0.,

1I .1, .2, .31 .13, .5p 6*6 *7f , ql 1.

F-
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64 C

C SET 111LVALUES OF COMPLEX INDE OFREF CTION DNCVRA
66 Em) 2 C4PLX( IN XR - ICSX

60 C

69 C ZERO OUT LFFICIENCY VARIABLES ANI SCATTERING PATTERN VARIABLES
70 IF( MSIZE .Lf. 0 ) Go TO ao
it noJ 10 1 z1, 21

7231 1 o C0, 0.
73 S2C ( 1.) 0., 0. f
74 pplCI) t0.

Is F5Pim 0.
76 op?(I) 0. 4
77 012(1) 0.
7Ar 10 CONTINUE

?9 20 CJ3CA 0.
An 4tXT 0.

633 C StT 11P ARRAY OiF ANF VALUES IiSE LENTZ rACKWAROS RECURSION
h4 C ri.CIUF SEE COMPLEX FUNCTION ANF
h5 1.5 x
86 1A AXOC Ze MINOC NY# 200)
67 ArtNCNxi r ANFE NX# Z
AR NYM M
81 10llIOI1, NKNI
90 4 N I
91 Cr1 FLOAT( N

92AJP(-1) X CN /Z (1C...) CN I7 4 ANRCN)
93 30 COiNTINUE

90 C
95 c
98 C CALCULATE T4E EFFICIENCIES AN() SCATTERING PATTERN USING THE HIE

k 97 C I NF I IITE SF
0
TE5 EXPANSIONM FOR044LAS

99 ONE -1 .
t00 DOt $10 11 ?: 0
let F% xN
102 ntflN -Otie
123 CI P. * FN 1 .
I0 CI 4 n * E41 X EM2

1915Tr -i '.LE. fix I ANZ =ANR(N)
106 IF CN .GT. NX )ANZ X ANF( N. 7
107 CF04OW FMN x
108 CI REAL( EN
109 CZ aRFALC EmI
Ito AN = ANZ / D CFN11v )*Cl C2 /
III I C ANZ/fO4ItCFNfIX1EN F041
112 AN CC0 * ANZ 4 CFNOX I*Cl -C2 I
113 1 0C * ANZ 4CFNOxI*FN Em1
110 C'
115 C CHECK IF PARTICLE$ ARE SPHERICAL OR4 NONSPHERICAL

ai



116 IF( -SPHER .LE. I1 GO -0 35
117 C
118 C THE PARTICLES ARE NIINSPHERiCAL, MODIFY THE VALUES OF AN AND B IF
119 C THEY ARE NEAR A RESONANCE PEAK ( DUE TO SURFACE WAVES
120 C M4AYE HODIFICATTON ONLY FOR HIE ORDERS OF THREE AND ABOVE
121 1Ff N .1T. 3 ) GO TU 35
122
123 C CHECK IF DIMENSIONLESS SIZE PARAMETER IS BEYOND THE RESONANCE
124 C REGICN
!25 IFf X .GT. I.! * FN 5 GO TO 35
126 C
127 C WE APF NOT BEYOND THE RESONANCE, LIMIT AN AND BN
120 IF( PEAL( ) .GT. 0.5 ) AN = ( 0.5, 0. )
129 IF( DEAL( St- ) *GT. 0.5 ) BN z ( 0.5, 0. )
130 C
131 35 XFACT a 2. FM 1.
132 XTACR r ONE f FN 1 0.5
133 z S XFACT A ( CABS( AN 3 **2 4 CABS( ON **2 1
-3 o.yl 2- JEXT * XFACT * RAL( AN 4 8 -)
135 O1SC =06SC * XFACR . AN -- N )
136 E"? = Et,,

13' E41 z EN
13A Tr fs:LE .LE. 0 ) GO TO 80

2)21 70 1 = 1. ?1
1t4O iF N w .GT. 2 1 GO TO 5
242 IF ( " .EO. 2 G 0O TO 0
142 P,'1) 1.

PTrI Xi'lf I)
; ) T:; 6O

1US 40 "1 1 , X'U(I)
1'46 PI) 6. A XU~

t
) *2 3.

107 GO TO o
1148 50 PP(fi C f 2. F4 - 1 X ) XU(I) A PPI(I) - FN A PP2(I) ) /
149 1 ( FN -1 I
SO150 Pl XHU(! ) (PPI " PP 2 (I) I - ( 2. * FN - I* ) A

151 1 ( 1. - KNUII *2 3* OPICI) + PT2(1)
152 60 CXFACT 2. FN i, / ( FN **2 + FN )
153 Cl = PP()
IS4 C2 = PT(1)
55 81(" 

= 
S-(!i - CXFACT * CA4 * Cl + 8N * C2 I

156 S2(11 a ,2(I) + CYFACT C ON * CI + AN A C2 )
157 PP2,I) PC1IQ)
158 PT?2U) P11I);
159 PP(I) PP(f)
160 PTI ) :'Ti)
161 70 CJTVTNUg
162 AO TF( FN .LT. 1.2 * X .O. . .En. I 3 GO Tn 90
163
164 C ,--f:K TF THE INFINITE SERIES HAS CONVERGED
165 IF ( A,-$( i.. DAMAkif nEXT, 0EXTST ) AMINI( OEXT, OEXTST ) )
166 2 -LE. I.E-3 I GO TO 120
267 C
168 r CONVERGENCE HIS NO! BEEN REACHED, COMPUTE NEXT TERN IN SERIES
169 90 OEXTST ,ExT
170 100 Cum, PU&
171 C
17? C qEQIFS HAS CONVERGEv, SET THE CROSS SECTION .LUES
1T.; 120 XT 2. A OEXT /2
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174 OSCA 2. *93CA /X2
175 O0lS 4. *CABS8( ORSC ) '2 1 X2
176 C

-177 C FOR POSITIVE NSIE, SET THE VALUES OF THE UNPOL;ItIZE0 SCATTERING
178 C PATTERN
179 ZF( &4SXE *LE. 0 ) RETURNM
too Do 1?0 1 a It 21
lot 5(1 x 0.5 f CABS( SIM! 1 *42 + CABS( 32(r) 1 3
262 120 CONTINUE
163 C M
164 RETURN
185 END
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I COMPLFX FUNCTION ANF( INDEX,#
2 C
3 C THIS ROUTINE IS CALLED BY MIE
4 C THIS 1S A NOV ROUTINE - DOCUMENTED IN REPORT GE77TMP-22
s C
6 C THIS FUNCTION EVALUATES THE COMPLEX QUANTITY ACN,Z) WHICH IS USED
7 C IN THE HIE FORMULAS, WHERE
a C ACN*Z) 2-N/Z + JCN-1I2#Z)/J(N+1I2tZ)
9 C Z =m*ALPNA

t0 C N af M(REAL)-I*M(IHAGINARy) 9 COMPLEX INDEX OF REFRACTION
11 C ALPHA rf 2*PI.R/WAI)ELENGTH NORMALIZED SIZE PARAMETER
12 C R = RAM;S OF SPHERE
13 C H c ORDER OF THE FUNCTION
14 C 3 c BESSEL FUNCTION OF COMPLEX ARGUMENT AND HALF-INTEGER
is C ORDER
16 C
17 C THE METHOD OF EVALUATION USES THE CONTINUED FRACTION ALGORITHM OF
18 C wILLIAm J LENTZ GENERATING SESSEL FUNCTIONS IN NIE SCATTERING -

19 C CALCULATIONS USING CONTINUED FRACTIONS
20 C APPLIED OPTICS, VOL, 15# NO* 3, MARCH 1976
21 C
22 C
23 C INPUTS

2a C INDEX 2ORDER rF A(N,Z), THAT IS, INDEX aN
25 C Z :COMPLEX ARGUMENT
26 C
V7 C OUTPUT
28 C ANT A(M,Z)

29 C
30 C
31 COMPLEX Zi N, D, To PNv PD, Tit T2 t E
32 C
33 C DFFINE ARITHMETIC STATEMENT
30 C( X ) 2. S FM - 0.5 xI)
35 C
36 C SET VALUE OF FIRST PARTIAL FRACTION TERM FOR NUMERATOR (PN)
37 FN INDEX

-~38 S .1.
39 CP = 2. *FM + 1.

-- 40 PNxCP/z
41 C

42 C SET VALUE OF FIRST PARTIAL CONVERGENT FOR NUMERATOR (N)
43 NRPN
44 C
4S C CALCULAIE SECOND PARTIAL FRACiIO)N AND CONVERGENT FOR NUMERATOR
46 CP m-2- .FN -3.
az7 T=CF/Z
48 PNizT.(l.,0.)/PN

09 MNNPN

51 C SET vA-11E nFT FIRST PARTIAL FRACTION (PD) AND CONVERGENT (D) FOR
52 C DENOF -OR
53 PP.!T
50 D=RD
55 C
56 C
51 C CALCULATE HEHIGHER ORDERS OF THE PARTIAL FRACTIONS AND
5R C CONVERGENT$

114 _



60 00 30 J 1 1 t00
6t XI"XI+I.
62 s x -S
63 7 2 Cl~64 PNCT4+( l.10.)/PN

66 C

67 C
S68 C IN TH4E RARE INSTANCE TH4AT THE NUMERATOR PARTIAL FRACTION TERM IS

69- b C NEAR ZERNe USE THE LENTZ ALGORITHr 11MPROVEM4ENT METHOD TO IENSURE
- 70 C ACCUR.CY
---- 71 IF (CASS( P4 A .T. IoEoa ) .0 TO 20
= 72 3 x "S__73 x__ X + 1.

"- 74 TI C( X ) 7
7s E I t •PN + (1.0O.i76 N

78 XI XI #*.

79 T2 = C( X ";
60 PN a T2 +. PN /E

a1 C
82 C IF T DF ENOMINATOR PARTIAL FRACTION TERM 13 NEAR ZERO* USE THE

A3 C ALGORITHM INPPOVC4EMT M4ET400
84 IF ( CAB4S( PI ) I GT..IoE-4 GO TO to
as E • I PO + (l.w0.)

6 7 PD c: T2 PD E

so Go to Po~89 C -
go 10O 0 at 0 * PD

_ 91 P02TI.f l.,O.i/PD

03 PD9T2+ (1 •O. )1PD
94 C
95 C
96 20 N a N * PN

97 0 2 0 * PD

99 CHECK IF CO1NVERGENCE HAS qSEN CEAC14ED

100 IF ( ARS( CARS( PM ) CARS( PO )-1. )A.E. I.E-6 ) 0 TO 40
101 30 CONT INUE
102 c o
103 C
ton C CONVER4;ENCE HAS BEEN RFACHE~v -SET VALUE C1 ANF
1615 40 Wq x -.FN /Z +4.
106 C ,
107 RE TURN
ton END 11

I15 I



-;: -- -- - N _ _ _ _ _

I FUNCTION CIMNOP( X
2 C
3 C CUMNOR IS THE CUMULATIVE DISTRTBUTION IF THE NORMAL RANDOM
4 C PROBABILITY DISTRIBUTION FOR EGATIVE X AND IS ONE MINUS THE
S C CUMULATIVE DISTRIBUTION FOR POSITIVE I
6 C
7 C TtF CI1HULATIVE DISTRIBUTION OF THE NORMAL RANDOK VARIABLE JS
8 C 1/SORT(2Pl) TIMES THE INTEGRAL FROM MINUS INFINITY TO X OF
9 C EXP(.T**2 / 2 ) OT

10 C
C FnR ABS(X) LESS THAN 5 WE USF THE POLYNOMIAL APPROXIMATION

12 C FORPULA 26.2.17 IN THE HANDBOOK OF MATHEMATICAL FUNCTIONS BY
13 C ABR. WOWITZ AND STEGUN, MARCH 1965. FOP ASS(X) GREATER OR EQUAL TO
14 C 5, WE USE THE ASYMPTOTIC APPROXIMATION FORMULA 26.2.24
IS C
16 C SET POLYNOMIAL CONSTANTS
17 DATA 81/ .31938151/, 82/ -.358563782/ 83/t 1.781477937/.
18 1 4/ -l.82125bv78/, S/ 1.3027849/, 9/ .2 6b 19/

C
20 C SET VALUE OF SORTC ZtPI
21 CATA $02f1/ 2.50662827/
22 C
23 C
24 AX zASS( X
25 Tr( AX .GE. S. i C0 TO 10
28 C
27 C
28 C A85(X) 1 LESS THAN St USE POLYNOMIAL APPROXIMATION
2q T . 1 .+ P AX3

-= 30 IPPROX z EXP( -AX ** 2 / 2. 1 * C 81 + T a + T 5 7 83 * T
31 1 C 8 B T * as ) a I ) I 592PI
32 GO TO ?0
33 .C
34 C
35 C ASS(X) IS GREATER THAN OR EQUAL TO SO USE ASYMPTOTIC APPRDXIMATION
36 10 APPROX = 0.
37 IF( AX TL. 13. j APPROX z{ jORT( 4. + AX a** ) - AX I *

38 1 EXp( -AX 2 / 2..) /(2. *02PI
39 C
40 C
41 C SET VALUE OF CUMNOR
02 20 CUMNOR z APPROX
03 C
40 RETURN

.15 C
06 END

I_
I-
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I SURROUTINE INITCG

2 C
3 C :IlS ROUTINE CALCULATfS lHF INITIAL PROPERTIES OF THE DUST CLOUDS

4 C FuiR EACH BURST

5 C
6 C INPUTS FROM CINPT CUMMON AREAS

7 C W(IW) zEQUIVALENT TNT YIELD OF BURST IN (..8S TNT)
B C FH(IW) 9 FRACTION OF YIELo APPEARING AS HYDRODYNAMIC ENERGY
9 C FOR bURST IW

t0 C CT(Id ) 9 INITIAL MAIN CLOUD SHAPE FACTOR FOR THE DIRECTION
11 C ALONG THE SHELL TRACK FOR BURST IN

12 C CP(IW) = INITIAL "AIN CLOiUD SHAPE FACTOR FOR THE DIRECTION
13 C PERPENDICULAR T THE SHELL TRACK FOR BURST IN
14 C CV(IW) x INITIAL MAIN CLOUD SHAPE FACTOR FOR THE VERTICAL

iS C DIRECTION
16 C FCM(IW) 2 FRACTION OF THE APPARENT CRATER MASS OF BURST IN THAT

17 C IS LOFTED INTO THE AIR
IR C ACV(IW) APPARENT CRATER vOLUME SCALING FACTOR FOR BURST IN

19 C (CUBIC ETRS PER (LB TNT).*1111 )
20 C PHIROCCIW) X AZIMUTH OF SHELL TRACK (IF BURST IN (DEGrEES,
21 C HEAIUREO CLOCKWISE FROM THE Y AXIS)
Z2 C RHOD 9 RULK DENSITY OF THE LOFTED DUST GRAIN$ (GH/CMS)

23 C RHOC c ULK DENSITY OF THE CARRN PARTICLES (GH/C"3)
24 C FHO SOIL MOISTURE FRACTION (MASS OF WATER IN SOIL DIVIDED
25 C dY TOTAL MASS OF SOIL INCLUDING WATER)
26 C XLC 2 CARBON YIELD FRAC7ON (LB OF CARBON PRODUCED PER LO

27 C iiF TNT)
28 C pHAB RATIO OF THE HASS OF "ODE A DUST PARTICLES TO THE
29 C HASS OF MODE R D1uST PARTICLES IN THE LOFTED CLOUD
30 C RBASF z RATIO OF THE HASS IN THE BASE CLOUD TO THE HASS III

31 C THE MAIN CLOUD
3? C ALPHA x AIR ENTRAINmENT FACTOR FOR RISING CLOUD MODEL
33 C CDRAG . ORAS COEFFICIENT FOR RISING CLOUD MODEL
34 C RHOA u AMBIENT AIR DENSITY AT GROUND LEVEL (GM/CM3)
3S C VwIND x MEAN WIND VELOCITY AT REFERENCE ALTITUDE (NETER3/S)
36 C AL

T  
N WIND REFERENCE ALTITUDE (METERS)

37 C PVW x POWER LAN EXPONENT OF VERTICAL PROFILE OF MEAN MIND
38 C VELnCITY
39 C PrING 8 AZIMUTH OF MEAN IND VELOCITY (MEASURED CLOCKWISE
40 C FROM THE Y AXIS) (DEGREES)
at C
4? C OITPUTS TO CINITG COMMON
43 C RICIN) = INtTIAL RAIMUS OF THE EQUIVALENT SPHERICAL CLOUD FOR

44 C RUHST NUMBER IN (METERS)

4S C RTI(Ilj z DUST CLOUD INITIAL RADIUS IN THE SHELL TRACK DIRECTION

a6 C (METERS)
47 C RPT(TW) a DUST CLOUD INITIAL RADIUS IN THE SHELL CROSS TRACK

48 C DIQECTION (METERS)
aq C RVI(IW) 2 DUST CLOUD INITIAL RADIUS IN THE VERTICAL DIRECTION
so C (METERS)
51 C NKS(TWj • IDEAL SPHERICAL CLOUD HORIZONTAL DIFFUSION CONSTANT
52 C (METERSZ/S)
S3 C FR(IW. s IDEAL SPHERICAL CLOID RISE CONSTANT
54 C XKV(IT) • DUST CLOUD VERTICAL DIFFUSION CONSTANT (METERS2/S)
55 C qTOCIN) 2 INITIAL RADIUS OF DitST CLOUD IN WIND TRACK DIRECTION

S8 C (METERS)
S? C RPO(I i 2 INITIAL RADOUS OF 0u1ST CLOUD IN MIND CTOSS TRACK

58 C DIRECTION f(ETERS)

117



59 C FMhC FRACTION OF MAIN CLnUD DUST MASS IN MODE A PARTICLE$
60 C FmRC r. FRACTION (IF MAIN CLO)U DOUST IoASS IN MODE 83 PARTICLES
61 C SINPW =SINE OF THE WIND A7TMUTt1 ANGLE
&2 C CoSPW cCOSINE OF THE WIND AYIMUTH ANGLE

f63 C Vwlo = !I%'D VELOCITY AT 10O CFTERS ALTITUDE tMETERS/S)
61* C vwtcx v xCrnmPONENT OF THE WIND VELOCITY AT 10 METERS ALTITUDE
65 C (METERS/S)
66 C VWI&Y. r. Y COMPONtENT OF THE WIND VELOCITY AT 10 METERS ALTITUDE
67 C (MEZERS/5)
68 C VXRVI(lw) x WIND VELOCITY AT THlE ALTITUDE OF THE INITIAL VERTICAL
69 C RADIUS (IF FURST TN (METFRS/S)
70 C VNRVIX(IW) zX COMPONENT (IF THE WIND VELUCITY AT THE ALTITUDE OF
71 C THE !1UITIAL VERTTCAL R40IUS OF BURST 10 ( METERS/S)
72 C VWRVIY(IN; Y COM'PcNENf OF THE WIND VELOCITY Ar THE ALTITUDE OF

-- 73 C THE INITIAL VERTICAL RADIUS OF BURST IN f KETERS/S)
74 C TODAINC1im TIME DELAY REFOWF HORIZONTAL MOTIOI! DUE TO WINO FOR
75 C THE MAIN OUST CLOUDO OF BURST TM1W CNS
7t C 70PASEfIN) =TIME DELAY BEFORE HORIZONITAL MOTION DUE TO WIND FOR

77 C THE BASE DUST CLOUD OF BURST IN (SECONDS)
78 C ?hASSOCIw; =TOTAL INITIAL. DUst OASS LOFTED IN MAIN CLOUD OF BURST

79 C I'"ON
80 C TuiASSCCIN) TOTAL NIALCAPPO HASS5 LOFTED IN MAIN CLOUD OF

81 C FURST31WI (GM)
92 C
83 COMMON ICINPTI I h(0)? FHf(to), CT110), CP(fo)t CV(1O)p MSID)#
89 I YB(10)p ZBriO)t 005(101, FCM(1O), PCV(1O)*
85 2 PHIBOG( tO)
86 COMHOU / CIijPTU / RHnZ, RHOD, RHOC, FH20, XLCt RHAB, RRASE
87 COMMON / CTNPT5 / D5F, ALPHA, CUPAG, RFOA, ELEVGr lAIR, ILAP3E.
88 1 ALTIV, VWINO, ALTW, Pyk# PHIliDG

89 COMMnn / CINPT6 / NW# NOG, NRTr NIII'E, NPROP, IPRINT
40 COPMON / CINITO / P1(10), RTI(t0), qPIj!0)* RVI(IO~t XKS(10),

91 1 FRfIO)f XKV(j0), RTO(ID)s RPO(10), S1MPW, COSPM,
92- 2 VwIo. VWtoX, WHIOY, VkRVl(10)* YMPVJX(10)0
93 3 VIRVYIOu, THISSOCIO). THASSCCID) FPAC, FMBC.
04 1 POWER, TD14AIq(10), TDI3ASE(1O)
95 COMMON TAPE /ITAPF. JTAPE
96 C
97 DATA THIRD / C.33333333 /, "'An 57.295780 /* RHOO / .225E-3/
98 C
99 C COMPUTE FPACTION OF TOTAL DUSy LOPME I" BASE CLOUD

t00 FBASE x PBASF / f 1. 4RBASE
01 C

102 C COilPUTE FRACTIONS OF THE MAIN OUST CLOUD MASS TN MODE A AND MODE B
103 C PARTICLES
.0c, FPAE =I. IC1. e 8AB
105 FMAC = 1. -FAPC

07; C
10A C LOnP -.vEq THE BUPSTS

110 C
All C CO'PI2T9 TOTAL 1-111$' MASS LUFTEn IN MIN CLUf. CDUST GRAINS ONLY.

!2 C N'jO *ATFi)
T'JS~nfIw, !.Ft * FCM4(11) * C 1. - FH2n 1. I FBASE A

1!4 1 1*"Or A ACVCIWY * W(iW) A* 1.111
its C
116 C CI.PIIT1E TCTAL --. SS OF CARBON TV IIAIN CUDO

118



117 TMASSC(IN) 4 4S3.59 ( t R - SASE I N(N) * XLC
It$ C
119 C CALCULATE INITIAL RADIUS OF EqUIVALENT SPHERICAL CLOUD
120 RICIW) 1.54 * (w(IN) FH(IR) * RHOD / RHOA ) ** THIRD
121 C
122 C CALCULATE INITIAL RADII IN THE SHELL TRACK. CROSS TRACK AND THE
123 C VERTICAL DIRECTIONS FOR THE MuNITION CLOUD
124 RTICIN) 2 CT(IN) * RI(TN)
125 RP(CWj) 2 CP(IW) • RI(1W)
126 vz(ICW) x CV(IW) * NI(IN)
127 C
128 C CALCULATE IDEAL SPHERICAL CLOvuD HORIZONTAL DIFFUSION CONSTANT
129 XKS(TW) a ALPHA * SORT( W(IN) a FH(IN) / I ALPHA a O.S * CORAG l e

131 C CALCULATE IDEAL SPHERICAL CLOUD RISE CONSTANT
132 TF( ALPHA .GT. 1. ) GO TO 10
133 Fk(IW- , 5.31 , ALPHA .. 0.85i
134 GO TO 20
135 10 Ft(Iw) 5 5.31 / ALPHA A* 0.717
136 C
137 C CALCULATE MUNITION CLOUD VERTJCAL DIFFUSION CONSTANT
Is3 20 XKV(IN) x 0.8464 * XKS(IW)
139 C
ISO C CALCULATE ANGLE C IN RADIANS B BETNEN SHELL TRACK AND MIND TRACK
141 C AZIHUTHS
142 ASWRAD a ( PHIBDG(IN) - PHINOG ) I RAD
143 C
110 C FIND INITIAL RADIUS OF HORIZONTAL ELLIPSE IN WIND TRACK AND CROSS
145 C TRACK DINECTIONS
146 RTP = RTI(IW) * RPI(IN)
147 SASNRO z SIN( ASWRAD )
In8 CASWROz COS( ASWRAD )
109 RTO(TW) 1 RTP / SORT( f RTICI(w) SASWRD ) 2 + (RPI(IN)
150 1 CASRO) a2 )
IS1 RPO(IW) = RTP I SORT( C RTC(1) a CASWRD ) a 2 + (RPI(IN) A

152 1 SASNRD ) a. 2 )
153 C
1 5 25 CONTINIUE
ISS C
156 C FIND WIND VELOCITY COMPONENTS IN THE X AND Y DIRECTIONS
157 PHINRO x PHINDG / RAO
158 S1NPW 2 SIN( PHIWAD )
159 CliSPw = CS( PHIWRD I
160 C
161 C FIND THE WIND VELOCITY AT 10 METERS ALTITUDE
162 vO = VWIND a ( 10. / ALTW a. PVK
163 C
164 vH10r = VNW0 a SINPN
165 VNICY 2 VN1O * COSPW
166 C
167 C FIND THE WIND VELOCITY AT THE ALTITUDE OF 7HE INITIAL VERTICAL
.68 C PADIU8 i
169 C CALCULATE THE TIME DELAYS SEFnRE THE WIND REGINS MOVING THE MAIN
170 C AND BASE CLOUDS HORIZONTALLY
171 00 27 IV = 1. NW
172- VNRVI(TW) e VWINO ( RVI{N) f ALTN * PVW
173 VNRVZX(IW) a VWRVI(IW) - sINPw

119 VRVIY(IM) VNRV!(IW) * CnSP

119



175 VRISE 2 R(Iw) aXKS(Iwj / Riilm)
176 TONAINCZW) R 4. * fTOfle) SOR4T( V1410' 2 *VR13E **2)177 TOPASECIW) =4. * 1170(W) I AmAXI( 0.1, VWFVIC(1)
l7e 27 C:ONTINUE
179 C
too NP 1ITE OUT7 THE lh;TIAL DATA181 WRITE(JTAPE, 30i) ( IN, RICIW)* RIICIN), RP1CIR), RYICII')f182 £R7tO.N), RP0(liN), FQ(Ix)t XKSCIW)* XKVCIN) 1#183 2 INrx1 NN
184 30 FOPMAT(1I41,/, IN*:.
185 183H CEOMETRT' PARAMETERS OF THE:86 2 INITIAL DUST CLOUDS / 11O,
187 412CH EDUTYALENT RADIUS IN4 RAD,Ls IN RADIUS IN RADIUS
I8 NRAISI SPHERICAL SPHERICAL CLOUD DUST CLOUD VER-189 61H

1"71ZOHBUDST SPHERICAL SHELL TRZCC SHELL CROSS VERTICAL MIND 711 PACn WtfND CROSS CLOUD RISE DIFFUSION COEF- TICAL DIFF.IONt m192 91H
193 fQ9"NtpF5ER CLOUD RADIUS DIRECTION TRACK DIRE'C- DIRECTION DIRECT199 27i0- TRI-CO DIREC- CONSTANT FICIEI4T CEFCETII115 3 2 21 (METERS) tMETE9S) TIOH(ftEIERS) (METERS) (METE190 9113) _INMMIRS CHETER32/S) (METER321S) II 5f 13, F11.1, F13*i, FIZ.!, F12.1# Fl!.a, F12.1. F13.2, F13.2,19E 6 F17.2 1
19c, C
200 PRITE(JTAPE, 40)
201 GO FOR

14
ATtIHO/ IMO,202 179t - INITIAL DUST AND CAR8ON "A203 2SSES LG-T' (014) 140

2431t9HRURST MAIN CLCU BASE205 4 CLOUD . TOTAL( MAIN U BASE CLOUD iIn *~E206 S130HR'mBER OUST-MODE A DUST.MH30E a CIRSON OUST-MODE A DUST201 6-MaDE 8 CAReOu OUST-NODE A VU3T-MODE 8 CA"BOW SUM(A+8#205 7~c) 7
209 D00 60~ 1, um
210 XMDA a PF'AC imANS4SDcIw)
21! XHO3 z tN 9C *TI'AS;D(IN)
212 INC 2THASSr(IW)
213 SMDA a RBASE * XPDA
214 SMOR a 28ASE * INDS

21s 8MC - RASE *'M
218 TND^ z X19DA 4 SFDA
Z1T TMD4 a xmO5B RPw)O
218 T"C z In + SHC
219 TM = TxDA + TMD6 THC
Z20 11RITEWJAPE. 50) 1-, xMDAv X MC, 9MDA, SNOB. BP.C, TYDA. TNDS,221 I MC, TM222 Z50 FOQMATfIK # IS# _-x, IP2EI3.a* E11.2. 2EI3.2, £11.2, 2E]3.Zr 012.2o2231 £12
224 60 CONTINUE_
22S C
226 RETURN
227 END
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I SUBROUTINE TIMECO( To IN)
2 C
3 C TH13 ROUTINE CALCULATES THE LOCATION AND CLOUD DIMENSIONS OF THE
4 C ZERO DIAMETER PARICLES IN THE MAIN AND BASE CLOUDS OF BURST IN AT:

5 C TIME T

CI

7 C INPUTS FROM CALL ATATEMENT
a C T a TIME AFTER BURST (3)

9 C IN z BURST NUMBER!i
to CtI C SNPUTS FROM CINpT COmnN AREA
12 C T INV ALTITUDE ABOVE GROUND OF INVERSION LAYER (ME;ORs)

S C xO(DI) A EX cOOROINATE OF THE GROUND SURFACE AT BURST IN

14 C (METERS)
is C YS(Ii YCOORDINATE OF HE IROUND SURFACE AT BURST IN6 C

17 C Z(T RO Z COORDNATE OF THE GROUND SURFACE AT BURST IN

IS C (METERS)
19 C PSF B ATMOSPHERIC PA3uIL STABILITY FACTOR (I a Af 2 x 0.

20 C 3.2 Co 4 x C-
22 C INPUTS FROM CINTG COMMON

23 C RI(IW) x INITIAL RADIUS OF THE EOUIVALENT SPHERICAL CLOUD FOR
24 C BURST NUMBER I (MEYERS)
as C RTI(IW) a DUST CLOUD INITIAL RADIUS IN THE SHELL TnACK DIRECTION

26 C (METERS)
27 C RPI(IW 8 DUST CLOUD INITIAL RADUS IN THE SHELL CROSS TRACK
28 C DIRECTION (ETERS)

-- 29 C RVICIW) a DUST TEsCLOUD INITIAL RADIUS T" THE VERTICAL DIRECTION

31 C XKSIW) IDEAL SPHERICAL CLOUD HORIZONTAL TFFUR ON CONSTAN
32 C (METER32/S
33 C FR(IC) • IDEAL SPHERICAL CLOUD S RCE CONSTANT A D
q C XBv(lw, a OUST CLUD VERTICAL DIFFUSION CONSTANT (ETERWM/E)

35 C RTO(1W) a INITIAL RADIUS OF DUST CLOUD IN HIND TRACK DIRECTION

36 C (METERS)
37 C RPO(IM) O INITIAL RADIUS OF DUST CLOUD IN IND CTOSS TRACK
28 C DIPECTION (METERS)
39 C SINPW DST CFOUDINITALD AZIMUTH ANGLE

11 0 C COSPW 8 COSINE OF THE WIND AZIMUTH ANGLE
/it C VwtO 2 WIND VELOCITY AT 10 PETERS ALTITUDE (METERS/S)
112 C V IOX % X C(OMPONENT OF THE WIND VELOCITY A7 10 METERS ALTITUDE

43 C (METERS/)

31 C VSIWOY Y COPONENT OF THE IND VELOCITY AT 10 METERS ALTITUDE
45 C (METERS3S)
3 C VRV(I ) WIND VELOCITY AT THE ALTITUDE OF THE INITIAL VERTICAL
347 C RADIUS F BURST IN (METERS/T)

411 C VWRVTX(IW) X COMPONENT OF T4E WIN6 VELOCITY AT THE ALTITUDE OF
39 C THE IITIAL VERTICAL RADUS OF BURST I (IETER/)
s 36 C VRVTY( T) S Y COPONENT OF THE INO VELSITY AT THE ALTITUDE OF
375| C THE INITIAL VERTICAL RADIUS OF BURST CO (I ETERS/S)
38 C TDMATN(IE) TIME DELAY BEFORE HORIZONTAL OTION DUE TO WIND FOR
53 C THE MAIN DUST CLOUD OF BURST (SECONDS)

S45 C TDBAE(IW) x TIME DELAY BEFORE HORIZONTAL MOTION DUE TO IND FOR
ss5 C THE BASE UST CL UD OF BURST IN (SECONDS)

'43 C (EESS

ST C OUTPUT$ TO CTIME COMMON

s7 C XCENTO X COORDINATE OF THE CENTROID FOR ZERO DIAMETER

121
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59 C PARTICLiS IN THE MAIN CLOUD (METERS)
60 C YCE4T0 Y Y LOOROINATE OF THE CENTROIO FOR ZERO DIAMETER
bI C PARTICLES IN THE MAIN CLOUD (METERS)
62 C ZCENTO Z COORDINATE OF THE CENTROID FOR ZERO DIAMETER
63 C PARTICLES IN THE MAIN CLOUD (METERS)
64 C BXCNTO = X COOROINATE OF THE CENTROID FOR ZERO DIAMETER
65 C PARTICLES IN THE BASE CLOUV (METERS)
66 C BYCNTO Y y COORDINATE OF TilE CENTROID FOR ZERO DIAMETER
67 C PARTICLES IN THE BASE CL3UD IETERS)
68 C BZCNTO a Z COOhOINATE OF T'E CENROID FUR ZERO DIAMETER
69 C PARTICLES I: THE BASE CLOUD (METERS)
70 Rq - RADIUS OF THE IDEAL SPHERICAL BUBBLE AT TIME T
71 - (HETERS)
7? c $ ALTITUDE ABOVE GROUND LEVEL OF THE CENTEP OF THE

IDEAL SPHERICAL RUBBLE (METERS)
7/ C RT a RADIUS OF THr ZERO DIAMETER PARTICLES IN THE MAIN

CLo :N THE wloJr TRACK DIRECTION (METERS)
6 C oP RA0D1US OF THE ZEcO DIAIE'ER PARTICLES IN THE MAIN

77 C DIRECTION PERPENDICUL.R TO TmE "IND TRACK DIRECTION
78 c (METERS)
79 C RV 2 ADIUS OF THE ZERO DIAMETER PARTICLES IN THE MAIN
80 C CLOUD IN THE VERTICAL DIRECTION (METERS)
81 C BRT RADIUS OF THE ZERO DIAMETER PARTICLES IN THb BASE
82 C CLOUD IN THE WIND TRACK DIRECTION (METERS)
63 C BRP u RADIUS OF THE ZERO DIAMETER PARTICLES IN THE BASE
04; C DIRECTION PERPEND7CULAR TO THE WIND TRACK DIRECTION
85 C (METERS)
86 C BRV a RADIUS OF THE ZERO DIASETER PARTICLES IN THE BASE
67 C CLOUD IN THE VERTICAL DIRECTION (METERS)
88 C
89 COMMON / CINPTI / W(IO), FH(Io, CT(IOt CP(IO), CV(I0). xB(10)#
90 1 YB(10), ZB(tO), OOB(10), FCM(10)# ACYClO),
91 2 PHIEDG(IO)
92 COMMON I CINPTS I PAF, ALPHA, CDRAG, RIOA, ELEVGe TAIR, TLAPSE,
93 1 ALTIV# VMIND, ALTW, PVW, PHIMDG

COMMON / CINITG / RICIO), RTI(1O), RPI(00), RVI(10), XKS(IO),
9s 1 FR(10)t XKV(|0), RT0(10)t RPO(10)# S1NPH, COSPW,
96 2 VWIO, VWIOX, VNIOY, VWRVI(O)o qWRVIX(IO)
07 3 VWRVIYCIO)t TMASSD(IO)t TMASSC(|O)t FMACt FMBC,
98 4 POWER# TDMAIN(IO)i TDBASE(0)
99 COMMON I CTIME I XCENTDp YCENTDt ZCENTD, XCENTC, YCENTCs ZCENTC,
1C i RTO, RPO, RVP, 4TC, RPC, RVC, RS, HS, RT, RP,
101 2 RV, XCF' TD YCENTO, 2CENTO, BXCNTD, BYCNTD
102 3 BZCNTD, BXCNTC, BYCNTC, BZCNTC, BRTD, BRPD,
103 4 8RVDr BRTCt BRPC, BRVC, BXCNT0p BYCNT0 BZCNTO#
10 5 ORT, ORP, BR

V

lOS C
108 DIMENSION BBZ(6)t BCZ(6), BCXy(6j
to DATA BSZ / 0.90, O.ES, 0.80, 0.76, 0.73, 0.67 /
1o6 I BCZ / 0.5675, 0.4266, 01AC88, 0.3282, 0,Z093, 0.179 1*
109 2 6CXY / 30.p 22.5, IS., ko.t 7.5, 9, 1, RAOD / 57.29b Ii
110 3 qMR / 3./
1it C
112 C MAIN CLOUD

114 C FIND THE RADIUS AND ALTITUUE OF THE IDEAL SPHERICAL BUBBLE
s15 RS x SORT% 2. XKS(IV) T + RI(IM) ** 2

116 MS a RVi(IW) + FR(IH) ( S 1RI(Iw)

122



III C
It$ C L1IN1T RISE ALTITUDE TO ALTITUDE' OF INVERSION LAYER
119 IF( H3 *GT. ALTIV ) H3 9 ALTZY
120 C
121 C FOR THIS TINE AND OURS?, FIND THE CENTROID COORDINATES OF THE ZERO
122 C DIAMETER PARtCLES
1?3 TM a AMAXIC 0., T - TD94AIN(IWj
124 XCENTO x XBtlW) + VW1OX * TM
125 YCENTO s YSCIO + VWIOY *TM

126 ZCENTO X ZSCIWi + NB
12? C 1
126 C FIND THE RADII OF THE ZERO DIAMETER PARTICLE$ IN THE WIND TRACK,
120 C CROSS TRACK AND VERTICAL DIRECTIONS
130 RT a SORT( 8. * XXVCIWI * T + RTO(TW) .2- )
131 AP SOT( 8. * IKYCIW) *T 4 RPO(IW) 'a2)
132 RV x SORT( 2. *XKV(IW) *T + AVICIW) *2
133 C
134 C BASE CLOUD
135 TO z AMAXI( 0., T -T.D7A:E(IW$
13b OXCNTO's XSCIW) + VWRVIX IWI * TB
137 BYCNTO a YO(IR)i + VNRVIYCIW) * TO
136 SZCNTO a ZSCIWi * RVI(IW)
1 39 C
140 C INDEX OF PA32UILL STABILITY CATEGORY
1a1 IPSF a IFIX(.PSF)
142 5 * SZCIPSF)
143 SI 1. /' S
144 POWER S 3 4. *83-2. i
145 DIST *VWRVIlcIW) *$T T CYIP18 ORT 3i ONR . RT0(I W *CX(PF * DIST / RAD
147 BRP a 8MR * RPO(IW) + BCXY(IPSP) * D13T / RAD
146 BRV a c p~I(M 8a 5i 1 + OCZ(IpSP) DIST?) *

14 C
ISO RETURN
151 END
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I SUBROUTINE TIjMECG( I, IN, T0G
2 C
3 C THIS ROUTINE CALCULATES ,'E GEOMETRIC PARAMETERS OF SIZE GROUP TOG
4 C AT TIME T FOR BURST NUMBER :w
5 C
6 C INPUTS FROM CALL STATEMENT
7 C T a TIME AFTER BURST (S)
8 C IN a BURST NUMBER
9 C TOG u NUMBER OF THE SIZE GROUp

1o C
11 INPUTS FROM CIIPT COMIIIN AREAS
12 C RHOA 4 ABIENT AIR OENSTTY Al GROUND LEVEL (GM/CM3)
13 C RHOD x BUL

X 
DENSITY OF THE LOFTED OUST GRAINS (GM/CM3)

14 C RHOC U BULK DENSITY OF THE CAR8ON PARTICLES (GM/CM3)
Is C DGR(lUP(IDG)= MAXIMUM DIAHETER OF THE PARTICLES IN THE 1OG SIZE
16 C GROUP (MICRONS)
17 C ZB(IW) Z CCo RDNATE OF THE GROUND SURFACE AT BURST IN
18 C (PETERS)
19 C
20 C INPUTS FROM CINITG COMMON
21 C RiCIW INITIAL RADV' oF THE EQUIVALENT SPHERICAL CLOUD FOR
22 C BURST NUMBER IN (METERS)
23 C RVI(IN) DUST CLOUD INITIAL RADIUS IN THE VERTICAL DIRECTION
2 R C (METERS)

C XVS(ir) U IDEAL SPHERICAL CLOUD HORIZONTAL DIFFUSION CONSTANT
26 C (METERSZ/S)
27 C FR(IW 2 IDEAL SPNERICAL CLOUD RI3E CONSTANT
28 C XKV(IW i a DUST CLOUD VERTICAL DIFFUSION CONSTANT (METERS/S)
29 RTO(IR) x INITIAL RADIUS OF OUST CLOUD IN WIVD TRACK DIRECTION

C •(METEoS)
31 C APO(ld) a INITIAL RADIUS OF DuST CLOUD IN WIND CTOSS TRACK
32 C DIrECTION (METERS)
33 • C S PW = SIE O

r 
THE WIND AZ7PUTH ANGLE

3Q C CO5PW z COSINE OF THE WIND AZIMUTH ANGLE
3s C VwIO x WIkD VELOCITY AT 11 "ETERS ALTITUDE (NETEDS/S)
36 C VaRVI(ij) WIND VELOCITY AT THE ALTITUDE OF THE INITIAL VERTICAL

37 C RDIUS QF BURST iw (METERS/s)
38 C TOMAIN(IW) c TIHE DELAY BEFOOF HOIZONTAL POTION DUE TO WIND FOR
39 TH MAIN DUST CLnUu D BURST IN (SECONDS)
0 C 

T
OBASE(IN) * TINE OELAY BEFORE HORiZOVTAL MOTInN DUE TO WIND FOR

41 C THE BASE DUST CLOUG OF BURST IN (SECONDS)F2 C03 C !NPUTS FROM CTIHE CO4MON
44 C XCENTO a X COOnDINATE OF THE CENTROID FOR ZERO DIAMETER
91 C PARTICLES IN TAE -AZN CLOUD (METERS)
Q6 C YCENTO x Y COORO;NAfE OF THE CENTROID FOR ZERO DIAMETER

-7 C PARTICLES IN ThE MAIN CLOUD (METERS)
.8 C ?CXNTO c Z COORDINATE OF THE CEOTROID FOR ZERO DIAMETER
49 C PARTICLES I4 TbE MA!N CLOUD (MEIERS)
50 C 8XCHTO a X COODR'NATE OF THE CENTRnID FOGR ZERO DIAMETER
51 C PARTICLES IN THE llE CLOUD (METERS)
52 C BYCNTO a Y COORDINATE OF T CENTROID FOR ZERO DIAMETER
53 C PARTICLES IN THE 8ASE CLOUD (METERS)
54 C BZCTO a Z COORDINATE OF THE CETROID FOR ZERO DIAMETER
55 C PARTICLES IN THE BASE CLOUD (METERS)
56 C RS = RADIUS OF THE IDEAL SPHERICAL BUBBLE AT TIME T
51 C (METERS)
so C HS a ALTITUDE ABOVE GROUND LEVEL OF THE CENTER OF THE
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59 C IDEAL SPHERICAL BUBBLE (METERS)
o C RT aRADIUS OF THE ZERO DIAMETE.R PARTICLES IN THE MAIN

61 C CLOUD IN THE WIND TRACK DIRECTION (METERS)
62 C Rp i RADIUS OF THE ZERO DIAMETER PARTICLES IN THE MAIN
63 C DIRECTION PERPENDICULAR TO THE WIND TRACK DIRECTION
64 C (METERS)
65 C RV a RADIUS OF THE ZERO DIAMETER PARTICLES IN THE MAIN
66 C CLOUD IN THE VERTICAL DIRECTION (METERS)
67 C BRT * RADIUS OF THE ZERO DIAMETER PARTICLES IN THE BASE
68 C CLOUD IN THE WIND TRACK DIRECTION (METERS)
69 C BRP a RADIUS OF THE ZERO DIAME ER PARTICLES IN THE BASE
70 C DIRECTION PERPENDICULAR T7 THE WIND TRACK DIRECTION
71 C (METERS)
72 C BRV 3 RADIUS OF THE ZERO DIAMETER PARTICLES IN THE BASE
73 C CLOUD IN THE VERTICAL DIRECTION (METERS)
74 C
75 C OUTPUTS TO ClIME COMMON
76 C XCENTD x X COORDINATE OF THE EENTROID FOR DUST PARTICLES (BOTH
77 C MODE A AND NODE 8) FOR THE MAIN CLOUD IN SIZE GROUP =

78 C IOG FOR BURST NUMBER IN AT TIME T (METERS)
79 C YCENTD a Y COORDINATE OF THE CENTROID FOR DUST PARTICLES IN SIZE
80 C GROUP IDG FOR BURST IN AT TIME T (METERS)
81 C ZCENTD X Z COORDINATE OF THE CENTROID FOR DUST PARTICLES IN SIZE
82 C GROUP IOG FOR BURST IN AT TIME T (METERS)
83 C XCENTC x X COORDINATE OF THE CENTROID FOR CARBON PARTICLES IN SIZE
84 C GROUP lOG FOR BURST IN AT TIME T (METERS)
as C YCENTC a Y COORDINATE OF THE CENTROID FOR CARBON PARTICLES IN SIZE
6b C GROUP lOG FOR OURST iM AT TIME T (METERS)
87 C ZCENTC 3 Z COORDINATE OF THE CENTROID FOR CARBON PARTICLES IN SIZE
88 C GROUP IOG FOR BURST I AT TIME T (METERS)
89 C RTD a RAPIUS IN THE WIND TRACK DIRECTION FOR DUST PARTICLES IN
90 C THE MAIN CLOUD IN SIZE GROUP TOG FOR BURST IN AT TIME T
91 C (METERS)
92 C RPD 0 RADIUS IN THE DIRECTION PERPENDICULAR TO WIND TRACK
93 C DIRECTION FOR DUST PARTICLES IN SIZE GROUP IOG FOR BURST
94 C IW AT TIME T (METERSj
95 C RVD * RADIUS IN THE VERTICAL DIRECTION FOR DUST PARTICLES IN
96 C SIZE GROUP IDG FOR BURST 1M AT TIME T (METERS)
97 C RTC * RADIUS IN THE MIND TRACK DIRECTION FOR CARBON PARTICLES
96 C IN SIZE GROUP lOG FOR BURST IN AT TIME T (METERS)
99 C RPC a RADIUS IN THF DIRECTION PERPENDICULAR TO THE WIND TRACK

100 C DIRECTION FOR CARBON PARTICLES IN SIZE GROUP IOG FOR
to! C BURST IN AT TIME T (METERS)
102 C RVC x RADIUS IN THE VERTICAL DIRECTION FOR CARBON PARTICLES IN
103 C SIZE GROUP IOG FOR BURST IN AT TIME T (METERS)
100 C BXCNTD x COORDINATE OF THE RASE CLOUD CENTRUID FOR DUST
105 C PARTICLE* (BOTH MODE A AND NODE B) FOR SIZE GROUP IOG FOR
106 C BURST NUMBER IN AT TIME T (METERS)
107 C BYCNTD Y Y COORDINATE OF THE BASE CLOUD CENTROID FOR DUST
lo C PARTCLES FOR SIZE GROUP IOG FOR BURST IW AT TIME T
109 C (METERS)
o11 C BZCNTD 3 Z COORDINATE OF THF RASE CLOUD CENTROID FOR DUST

III C PARTICLES FOR SIZE GROUP lOG FOR BURST IN AT TIME T
112 C (METERS)
113 C BXCNTC 2 X COORDINATE OF THE RASE CLOUD CENTROID FOR CARBON
114 C PARTICLES FOR SIZE GROUP TDG FOR BURST IN AT TIME T
its C (METERS)
116 C BYCNTC Y Y COORDINATE OF THE BASE CLOUD CENTROID FOR CARBON
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III C PARTICLES FOR SIZE GROUP JUG FOR BURST 1vi AT TIME 7
Ila C (PETERS)
119 C BZCNTC aZ COORDINATE OF THE BASE CLOUD CENTROIO FOR CARBON
120 C PARTICLES FOR SIZE GROUP JOG FOR BURST I" AT TIME T
121 C (METERS)
122 C 8RTO n RADIUS IN THE WIND TRACE DIRECTION FOR THE BASE CLOUD
123 C OUST PARTI,.LES IN SIZE GROUP IOG FOR BURST IW AT TIME T
IlZd C (METERS)
125 C 8RPD RADIUS IN THE DIRFCTION PERPENDICULAR TO THE WIN~D TRACK
1,:b C DIRECTION FOR THE BASE "LOUD DUST PARTICLES IN SIZE GROUP
127 C IDG 9EIR BURST 1W AT TIME T (METERS)
128 C BRVD aRLIUIS IN 'HE VFPTICAL DIRECTION FOR THE BASE CLOUD DUST
129 C PARTICLES IN SIZE GROUP IDS FOR BURST IN AT TIME T
130 C (METERS)
131 C BRTC RADIUS IN THE WIND TRI.CK DIRECTION FOR THE BASE CLOUD
132: C CARBON PAQTICLES INi 91TE GROUP IOG FOR BURST IW AT TIME 7
13, C (PETERS)

C BRPC a RADIUS IN4 TH; (QI9ZCTTUON PEPPE.%DICULAR TO ThE WIND TRACK
135 P IETO O THE BAIE CLOUjD CARBON PARTICLESINSZ
136 C GROUP ZDG FOR BlUrIT IN~ AT TINE T (METERS)
131 C BRVC z RADIUS1 IN T14E VERTICAL DIRECTION FOR THE BASE CLOUD
138 C CAR8ON PARTICLES IN SIZE GROU-' JOG FOR BURST 1w AT TIME T
139 C (METERS)
140 C
l~1 COMMON/ C~INPTI IW-10). FH(1ol, CT(1O), CF(00), CVCOB(10) 1i
1LJ2 1 T811G), Zls(1O), 001(10), FCM(10)r ACV(10)p
14J3 2 PIit IDG(lIQ)
lots COMMON /CINPTO I H11G, RHOD, PHOC# FM20, XLC* RMAB, ABASE
IR10 COMMON /CINPTS I eF, ALPHA, CORAG, RHOA, ELEVG, TAIR, TLAPSE,
lo6b ALTIV, YWINO), ALTW, PYN. PHIWDG
107 COMMON ICINPTI /OGROIIP(50), TI"E(25)

108Cl.MON /CITsITG / 0(10l), RTT(1O), RPI(101, RVI1O0), XKSC18)t
tog 1 FR(10), XvVC10), QTO(1IO), P(10), SINPWf COSPWr
151 2 V910o, V1lflX, VWlOY, VHRVI(10)o VMRVIX(10),
15, 3 VwRvlIv(IC , TMAISMI(1), TMASSC(10), FMAC, FMBCt

15? 0 wER, TDHA 1 4(10), TDFBASFE(l0)
153 COMMON /CTME /XCE'JT0, YCENTEO, ZCENTD, XCENTCp YCENTCP ZCENTC,
154 1 TO, RP'j, R,11, R1CF RPC,-RVC, AS, 14S, AT, RP,

15 2RV, XC 4T0# YCENTO. ZCENTO, BXCNTD# BTCNTO.
156 3 B-ZCNi,, BXCnTC, BYCNTC, BZCNTCt ORTO, 8RPO,
is" a BRVD, BRTC, FRPCt BRYC# BXCNTO. BYCNT0, SZCNTO#
I SA BRT, BRP, 8p.,
ISO C
160 C FIND INITIAL CLOUD RISE VELOCITY,
161 VRISE 0FRCIMI *XKS(IH) / I(14)
162 C
163 C CALCULATE TERmINAL VELOCITIES 0OR OjT AND CARRON -ARTICLES
16e, C3 w 48.67/ NA*ORIPvG 3
165 VTO I.E-2 CSOOT( C3 2 4 0.29a2 R40L k OGROUPCIOG)

-~ 166 R HIIA 3-C3)
107 VTC I lE-2 *(SORTf CS * 2 0 .. 2942 *RhOC *o-;rx'pIU(oG)/

16A I RMOA C -3

169 C
170 C CALCULATE CI AND C? CONSTANTS FUR HORIZONTAL CF.NTPLID COORDINATES
171 CIDz I.E6 *RHOA / ( 3. * RHO * OGROUPCIDG)
172 C$C a I.E6 * RA / Z 3. * Rin'C * OGROUP(IDG)
173 C20 3.25SE5 / CRIOD D GROol'(10C) ** 2
174 C2C 3.255ES f RhOC DG19, (lOG) ' 2
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ITS C

16 C MAIN CLOUD CALCULATIONS
177 C
178 C FIND Z COMPONENT OF CENTROID FOR OUST AND CARBON
179 ZCENTD 2 ZB(IN) 4 ( ZCENTO - ?B(Ih) I *
1SO 1 (1 - AHINI( I.# VTD • VRISE )) - VTO T
18) ZCENTC ZB(IWj * C ZCENTO - ZB(IW) )182 1 ( 1. - AMIN3( I., VIC I VRISE )I VIC
183 C
180 C CALCULATE DISTANCE THE SIZE GROUP HAS LAGGED BEHIND THE ZERO
18s s DIAMETER GROUP
186 OLAGO x 0
187 TM a AMAXI( 0., T - TDMAIN(IjW 3
188 IF( TM LE. 0. 3 GO TO 40
189 CO c CID * VW1O / C20
190 IF( C2D & TH GT. 20. 3 GO.TO 10
191 DLAGO z ( ALOG ( . + C) *EXP( C2D TM) C C20 *Th)
192 1 / CID193 GO TO 20
194 10 LAGD s ALOG( 1. * C4 3 I CID
195 20 Coa CiC * VW1O / C2C
196 IF( C2C * TH *GT. 20. 3GO TO 30
197 DLAGC (ALOG( ( I. + C4 )*EXP( C2C *T) I C4 )-C2C. TM198 1 / CiC
199 GU TO 40
o00 30 OLAGC x ALOG( t. CO ) / CIC

201 C
202 40 XCENTO x XCENTO - DLAGO * CINPw203 YCENTO a YCENTO - OLAGO * COSpW
200 XCENTC v XCENTO - DLAGC * SIRpW
205 YCENTC z YCENTO - DLAGC * COSPW
206 C
207 C CALCULATE EFFECTIVE DIFFUSION COEFFICIENTS FOR THIS SIZE GROUP208 VH2 z VWtO ** 2 + VRISE t* 2
209 XKVD a XKVCIW) / SORT( 1b. * vTD 2. 2 / VH2 4 t.
230 XKVC 2 XKV(IW) / SORT( 16. * vTC 2* 2 / VH2 * 1. 1
211 C
212 C CALCULATE RADIUS OF SIZE GROUp IN VERTICAL, WIND T

O
ACK AND CROSS213 C TRACK DIRECTIONS

214 RVD z SORTt 2. XKVD * T + RVI(Iw) a 2 3
215 RVC • SORT( ?. * XKVC * T + RVI(IwI *) 2 )?16 RTD a SORT( 8. a .KVn * T 4 RTO(Iw) ** 2 3
237 RTC * SORT( a. * XKVC * T + RTO(TW) a. 2 3
218 RPD = SORT( 8. * XKVO a T + RO(IW) 2* 2 )-_ 219 RPC x SORT( 8. * XKVC a T + RpO(Iw) ** 2 )
220 C
221 C RASE CLOUD CALCULATIONS
272 C
223 C CENTROID LOCATIONS
224 C FIND Z COMPONENT OF'CENTROIO FOR DUST AND CARBON
225 OZCNTO RZCNTO - VTD a T
226 8ZCNTC 8ZCNTO - VTC a T
227 C
228 C CALCULATE DISTANCE THE SIZE GROUP HAS LAGGED BEHIND THE ZERO
229 C DIAMETER GROUP
230 Ca x CD * VWRVICIW) / C2D
231 DLAGC z 0.
232 TS AMAXI( 0., T - TOBASE(Iwi i
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233 IF( TO ,LE. 0. GO 70:80
234 IF( C20 * 7B .GT. 20. 1GO.TO 50
235 OLAGO = ALOGt(C 1. *CO ) EXP( C2D 713 Y- C4 C20 TO
236 I f CID
237 GO TO 60
238 50 OLAGO ALOG( 1. tC4 CID
239 60 C4 a IC * YRVICIW) /C2C
240 IFf C2t TO *GT. 20. GO TO7 70
241 DLAGC s(ALOGf 1 2. *C4 EXP( C2c TB O C4 C2C 78B
24Z 1 / CiC
243 GOJ TO 80

2470 bLAGC aALOG( 1. C4 CIC
215 C
2ab 80 8XC.NTO * OXCNTO - OLAGO * SINpW
247 BYC"4TO a8YC%'T0 - OLAGO COSPW

2La XCNTC r OXCNT0 - OLAGC ft SINPW
249 SYCNTC 2BYCNTO - OLAGC * COSPft
?c5o C
251 C RADII OF SIZE GROUP
252 DENOmD 16. * VTO a 2 / AMAXI C 'IRVI(IH) * 2, 1. + 1 .
253 DENOM4C x 16.'a VTC **2 / ANAXIC VWRVICIw) **2, 1. )41.
254 ORTD = RT / ENOHO
255 ORTC a RT / ENOMC
256 BRPO z ORP /DEVOtIG
257 BRPC nBRP / OE'JONt
2116 BOV O Ry / DPNCHD * POttER
259 BRVC 2 RV f OENOMC vaPONE.
260 C
26t RETURN
262 END
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I SUBROUTINE PATH( IN, IDG, IRT I
2 C
3 C THIS ROUTINE COMPUTES THE MASSES PENETRATED (GMiCM2) ALONG THE
4 C PATH BETNEEN RECEIVER AND TRANSMITTER NUMBER tRT DUE TO EACH
5 C MATERIAL ( NODE A OUST, MODE p DUST AND CARBON ) IN SIZE GROUP
6 C Int FpnK BURST IN
I C

e C INPUTS FROM CALL STATEMENT
9 C IN z BURST NUMBER

10 C IVG z SIZE GROUP NUMBER
11 C IRT a RECEIVER - TRANSMITTER PAIR NUMBER
12 C
13 C INPUTS FROH CINPI COMMON AREAS
14 C XR(IRT) r X COORDINATE OF RECIVER NUMBER IRT (METERS)
15 C YR(IRT) 2 Y COORDINATE OF RECFIVER NUMBER IRT CMETERS,
16 C ZR(IRT) z Z COORDINATE OF RECEIVER NUMBER IRT (METERS)
11 C XT(IRT) R X COORDINATE OF TRANSMITTER NUMBER IRT (METERS)18 C YT(IRT1 a Y COORDINATE OF TRANSMITTER NUMBER IRT (METERS)
19 C ZMIRT) 2 Z COORDINATE OF TRANSMITTER NUMBER IRT (METERS)

20 C FCM(IW) 2 FRACTIO OF APPARENT CRATER MASS LOFTED FOR BURST IN
21 C ACV(IW) a APPARENT CRATER VOLUME SCALING FACTOR (H3/(LB TNT)1.111)
22 C W(IN) a YIELD OF BURST IN (LB TNT)
23 C YLC 2 LOADING FACTOR FOR CARBON C RATIO OF THE WEIGHT OF
ail C CARRONU IN THE~ CLOUD TU THE YIELD WEIGHT
25 C RHOD 2 RULK DENSITY OF SOIL (GM/CM3)
26 C RH(1C 2 CARRIN DENSITY (Gm/irM)
27 C RRASE 2 RATIO OF THE MASS IN THE BASE CLOUD TO THE MASS IN THE
28 C MA14 CLOUD
29 C
30 C INPUTS FRO4 CTIME CIMMOnfI
31 C XCENTD 2 X COORDINATE OF THE CENTROID FOR DUST PARTICLES (BOTH
32 C MODE A AND NODE B) FOR THE MAIN CLOUD IN SIZE GROUP
33 C IDS FOR BURST NUMBEP IN AT TIME T (METERS)
34 C YCENTD z Y COORDINATE OF THE cENTROID FOR DUST PARTICLES IN SIZE
35 C GROUP iDG FoR BURST IN AT TIME T (METERS)
36 C ZCENTO Z COORDINATE OF THE CENTROID FOR DUST PARTICLES IN SIZE
37 C GROUP JOG FOR BURST I

N 
AT TIME T (METERS)

38 C XCENTC X N COORDINATE OF THE CENTROID FOR CARBON PARTICLES IN SIZE
39 C GROUP IDO FOR BURST i AT TIME T (METERS)
00 C YCENTC a Y COORDINATE OF THE -ENTROID FOR CARBON PARTICLES IN SIZE
al C GROUP IDG FOR BURST IN AT TIME T (METERS)
42 C ZCENTC Z COORDINATE OF THE CENTROID FOR CARBOM PARTICLES IN SIZE
83 C SROuIP InG FOR BURST JW AT TINE T (METERS)
44 C RYD * RADIUS IN THE MIND TRACK DIRECTION FOR DUST PARTICLES IN

- 45 C THE MAIN CLOUD IN SIZE GROUP 106 FOR BURST 10 AT TIME T
4t C (MEIERS)
47 C RPD R RADIUS IN THE DIRECTION PERPENDICULAR TO MIND TRACK
O4 C UIRECTION FOR DUST PARTICLES TN SIZE GROUP lOG FOR BURST
a9 C 1w AT TIME T (METFRSi
50 C RVO 2 RADIUS IN THE VERTICAL DIRECTION FOR DUST PARTICLES IN
St C SIZF GROUP IDG FOR BjRST IN AT TIME T (METERS)
52 C RTC a RADIUS IN THE MIND TRACK DIRECTION FOR CARBON PARTICLES
S3 C IN SIZE GROUP IDS FOR BU1RST IN AT TIME T (METERS)
54 C RPC 2 RADIUS IN THE DIRECTION PERPENDICULAR TO THE WIND TRACK
55 C DIRECTION FOR CARBON PARTICLES IN SIZE GROUP TOG FOR
56 C BURST IN AT TIME T (METERS)
57 C RVC e RADIUS IN THE VERTICAL DIRECTION FOR CARBON PARTICLES IN
so C sIZE GROUP IDS FOR BflRST IN AT TIME T (METERS)
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59 C BXCNTO X COORDINATE OF THE JASE CLOUD CENTROID FOR DUST
60 C PARTICLES (BOTH MODE A AND MODE B) FOR SiZE GROUP IODG FOR
61 C BURST NUMBER IN AT T,HE T (METERS)
62 C BYCNTD a Y COORDINATE OF Y4E BASE CLOUD CENTROID FOR DUST
63 C PARTICLES FOR SZE GROUP TOG FOR BURST I AT TIME T
e6 C (METERS)

65 C BZCNTO a Z COORDINATE OF THE BASE CLOUD CENTROID FOR DUST
66 C PARTICLES FOR SIZE GROUP JOG FOR BURST IN AT TIME T
67 C %METERS)
68 C BXCNTC X X COORDINATE OF THE RASE CLOUD CENTROID FOR CARBON
69 C PARTICLES FOR SIZE GROUP 100 FOR BURST IN AT TIME I
70 C --ETERS)

71 SBCIC a Y COORINATE Or THE BASE CLOUD CENTROID FOR CARBOP
72 c PARTICLES FOR SIZE GROUP TOG FOR BURST 19 AT TINE T
73 (METERS)
7a C SZCNTC z Z COORDINATE OF THE BASE CLOUD CENTROID FOR CARBON
.5 C PARTiCLES FOP SIZE GROUP JOG FOR BURST IN AT TIME T
76 C {(ETERS)
77 C BRTD RADIUS IN THE WIND TRACK DIRECTION FOR THE SASE CLOUD
78 C DUST PARTICLES 1R SIZE GROUP TOG FOR BURST IN AT TIME T
79 C (METERS)
80 C 6RPD c RADIUS V! THE DIRECTION PERPEtIDICULAR TO THE MIND TRACK
81 C DIRECTION FOR TFE BABE CLOUD ZUST PARTICLES IN SIZE GROUP
82 C JOG FOR BURST I AT TIME T (METERS)
63 c BRVD a RADIUS IN TPE VERTICaL DIRECTION FOR THE BASE CLOUD DUST
84 C PARTICLES IN SIZE GRr'P TOG FOR BURST IN AT TIME T
as C (METERS)
86 BRTC a RADIUS IN THE WIND TRACK DIRECTION FOR THE BASE CLOUD
87 c CARBON PART'CLES IN SIZE GROUP IDOG FOR BURST IN AT TIME T
88 C (METERS)
89 C WRPC 4 RADIUS IN THE DIRECTION PERPENDICULAR TO THE WIND TRACK
90 C DIRECTION FOR THE BASE CLOUD CARBON PARTICLES IN SIZE
91 C GROUP lOG FOR BURST IN AT TIME T (METERS)
92 C BRVC c RADIUS IN THE VERTICAL DIRECTION FOR THE BASE CLOU9
93 C CARBON PARTICLES IN SIZE GROUP JOG FOR BURST IN AT TIME T
94 C iMETERSi)
9w5 C
96 C INPUTS FROM CINITG COMMON
97 C MNAC a FRACTION OF MAL. CLr.UD DUST MASS IN MODE A PARTICLES
98 C F0BC 9 FRACTION OF MAIN CLOUD DUST VAS3 IN NODE 8 P'RTICLE3
99 C TMASSD(Ik) a TOTAL INITIAL DUST MASS LOFTED IN MAIN CLOUD OF BURST

100 C IN (GH)
lo C ;AASSC(IN) 3 TOTAL N TIAL Ctc " l&5 LOFTED IN MAIN CLOUD OF
10Q C BURST IW (GM)
103 C
144 C INPUT* FROM CPGRP COMMON
105 C FMA(13 MASS FRACTION FOR SIZE GROUP I FOR MODE A PUST
106 C PARTICLES t hATIO OF MASS OrF PARTICLES IN SIZE GROUP I
107 c TO TOTAL MASS In DISTR.TSU ON
103 C FHDCI) a MASS FRACTION FOR SIZE GROUP I FOR MODE B DUST
109 C DARTICLES
t10 C FMC(Ij c 4ASS FRACTION FOR SIZE GROUP I FOR CARBON PARTICLES
It. C CHUZA(;I.J) z MASS EXTINCTION COEFFICIENT FOR SIZE GROUP I AT
112 C NAVELVIGTY J FOR PODS A OUST PARTICLES (CM?/GN)
113 C CMUEB(IJ) MASS EXTInCTION COEFFCICENT FOR SIZE GROUP I AT
114 C AVELENGTH J FOR HO0C & nUST PARTICLES (CM2/GM)
115 C cxUEC(ICJ) • MASS EXTNCTION cOEFFICIEnT FOR SIZE GROUP I AT
It C WAVELENCH 3 FOR CARBON PARTICLES (CNZ/GM)
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I1I C
i1s C O]UTPUTS TO CPATH COMMON
119 C PHASSA s MASS PENETRATED ALONG THE PATH BETWEEN RECEIVER AND
120 C TRANSMITTER NUMBER tRT DUE TO MODE A DUST PARTICLES IN
121 C SIZE GROUP TOG IN TMF MAIN CLMUiD OF BURST IN iGMCM2)
122 C PmASSS x MODE 8 OUST PARTICLE MAS3 PENETRATED CGM/CPIZ)
123 C PMASSC x CARBON PARTICLE 14ASS PENETRATED (SH/(.N2)
124 C OPMASA z HASS PENETRATED ALONG THE PATH BETWEEN RECEIVER AND
125 C TRANSMITTER NUMBER IRT DUE TO MODE A DUST PARTICLES IN
126 C SIZE S11OI.P TOG In THE BASE CLOUD OF BURST IN (GM/CM2)
127 C OPMASSO MODE 8 DUST PAPTICLE "ASS PENETRATED (GM/CMZ)
12e, C RPMASC = CLRBON PARTICLE M4ASS PENETRATED (GM/CM2)

-129 C GMASSA z NASS OF PrUDE A DUST PARTICLES lN SIZE GROUP TOG IN
!30 C WRE MiIN CLOUD OF BURST IN (GM)

31 C GMASSO c MASS OF PODE 9 OUST PARTICLES IN SIZE GRUP !OG TV
132 CIFE MAIN CLOUiD OF BUqS! lu (GM)
1313 C GRA3SC PASS OF CARBON PARTICLES in SIZE GROUP 10G FROM BURST Im
13a C ~ N THE MAIM CLOUD OF BURST I- (GM)
135 C BGMASA H ASS OF MODE A DUST PARTICLES IN SIZE GROUP JOG IN
136 C THE BASE CLOUD OF BURST IN (GM)
137 C OGMASS a MASS OF MODE 8 OUST PARTICLES IN SIZE GROUP 10G IN
!36 C THE BASE CLOUD OF BURST IN (GM)
139 C GMASSC H ASS OF CARBON PARTICLES IN 31IU GROUP TOG FR'O" BURST IN
140 C IN THE BASE CLOUD OF BURST IN (GM)I

14a COMMON /CPGRP /FNA(S0), FNB(S0), FNC(SO), FHA(50)* FM8(SO)r
143 1 FAC(SO), PNG4(SO), PNGB(SOir PNGC(50)t

144 2 CHUSA(5O0e) CMUSBCSO.10)t CMUSC(S0,l0)#
145 3 CMUEA(S0,10)& CMUEB3(5O,10)t CHUEC(50,10)e
147 COMMON /CINPTI / (10i, F1400), C

T
f10). CP(1O), CV(I0), X8010),

149 2 PHTBDG(10)

ISO COMMON /CINPT2 FREO(1O)o XLAHD~tzO). XT(10). YT(IO)* ZT(10)v
1511 XR(10). YR(101, ZRUjO)

152 COMMON ICIMPT4 I HOG, RHOD, RMOC, FMntJ XLCt RHAB, ABASE
153 CONMOR CTIME /XCENTO, YCENTO, ZCENTO, XCENTC# YCENTCr ZCENTC,
154 I RID. APV. RYD# RTC# RPC, PVC. RS, HS, RT. oPf
155 2 P.V. XCENTO, YCENTOs ZCENTO# 9XCNTO. SYCNTO,
156 3 8ZCNTO, BXCNTC. BYCNTC, BZCNTC# BRTO. FAPO.
197 4 BAVO, BRIC. RRPC, BRYC, 8XCNTO* OYCNTO, BZCNTO.

158 S BRT. BRP, ROV

159 COMMON /CINITG RI(IO), RTI(1O), RPI(IO)o RVI(IO)e XKS(10)i
160 1 FR(I0), XKV(10), RTO(1O)r RPO(10). SINPW, COSPH.
16 1 2 VNIOV VNIOX, VNIOY. VWRVI(10)# VwRVIX(10)f
162 3 VWRVIY(1O), TMAS O(I0)* TMASSC(10)r FtMAC. fm8C,
163 4 POKER, TOMAINCIO), TOBASE(IO)
164 COMMON / CPATH IPHAS3A, PHAS5,48 PHASSC, GMAS3A# ;MASSl, GMASSC
165 I BPMASA, BPMA5O, BFMASC. 8GMASA, 8GMASB, BGNABC

166 C
187 C SET VALUE OF RATIO OF GROUP SIZE RADIUS To GROUP STANDARD
It.; C DEVIATION
169 DATA CR / 2.15/

171 ~ DIMENSION VECR(3)#.VECT(3). VfCCEN(3)r VECTCN(3)s VECTR(3)t
17 VECBTR(3), VECINTC 31, VECIC(3)
13 C1K4 C CHECK IF RECEIVER -TRANSMITTfR LOCATIONS FORl THIS FREQUENCY ARE
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175 C THE SAME AS FOP THE PREVIOUS CALCULATION. IF THE SAME, SKIP THE
176 C PATH INTEGRATION
177 IF( IRT *EQ. I ) GO TO 30
l78 IRTI a IRT - I
179 IF( XR(IRT1 .NE, XR(!RTI) OR; YR(IRT) .NE. YR(IRTI) *OR.
IS0 I ZRfIRTI HNE. ZPCIRTI3) GoCr TO 10
141 IF( rIRT) NE. XT(IRTI) ,OR: YTIfRTI *NE. YT(IRTI) .OR.
182 1 ?T(IRT) .ME. ZT(IRT1) ) GO TO 30
33:13 GO TO 20o104

Slp C ST "ECTIRS FOR RCEVE AND jPA'SNITTER LOCATIONS
30 V9Cf:q) .

!87 VECPCZ)

.92
193 'LO01 OVER T;Er MATERIALS W!T4 DIFFERENT DENSiTiES

19DO0 19o ID XA 1,
195 IFf To .EC. 2") GO TO 35
196 C
197 C MATERIAL IS OUST19e C ChECK IF SZ7E GROUP HAS !NSIG-IF TCAZ PROPAGATION EFFECT
199 PHASSm z 0.
200 OPMASM 0.
201 1Ff CHUEA(IDGIRT) .EQ. 0, .AND. C"UEMfIOGIRI) .EQ. 0. )GO TO 170
202 GO TO 40
203 C
209 C MATERIAL 13 CRSON, CHECK IF cARON DENSITY 13 TPE SAME AS THE
205 C DUST DENSITY. IF THE DENSITIES ARE THE SAME USE THE PREVIOUSLY
206 C CALCULATED DUST NORMALIZED MASS P NETRATED VWALUES(IF NONZERO)
207 3S IF( RmOc .02. RHOD .AND. AMAXj( PiASSN, B MASN ) .ME. 0. 1208 1 GO TO !60
209 C
210 C CHECK IF SIZE-'RCUP HAS INSIGNIFICANT PROPAGATION EFFECT
211 PHAssN 0.
212 RPHASN 0.213 IF( CMUEC(IO-DIRT) .*. 0. nO TO 10
214 C
215 C FIRST FIND THE MASS PEETRt = FOR THE MAIN CLOUD# THEN FOR THE216 . RASE CLOUD
217 40 Oj 160 ICLOUD s Z, -
210 C
219 C SET VALUES FOP PARTICLE RADII AND CENTRO LOCATIOS
220 IF( ID .E0. 2 3 GO TO 50
221 C
222 C SET TwE OUST PAP*ATETERS FOR pAT' !NTEGRATION
223 IFr ICLOUD .Eo 2 ) GA TO 45
224 C
2?5 C MAIN CLOUD
226 RVCE' = RYD
227 PICER = RTD
228 OPCEm = PPD
229 VEcCEN I I xCEr.ND
230 VECCEN(2) YCEMID
23t VECCCi = ZCENTO
232 CD Tn 60

II AN

I-EM2
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233 C
234 C BASE CLOUD
235 45 RVCEN 0 BRVD
23& RTCEN v ORTO
277 OPCEN z BRPD
238 VeCCN(ft eXCNIO
239 VECCEN(2) 8 5YCMTO
240 VECCEN(3) a 6ZCNTO
241 GO TO 60
282 c
243 C SET THE CARBON PARAPIETERS FOR THE PATH INTEGRATION
2 0 50 IF( !CLQV .EO. 2 ) GO TO 55
245 c
86 C A'tN CLOUD

2 -7 RYCEq T VC

249 RPCEJ s 2PC
230 VECCEN(C) a XCENTC
251 VECCEN(2) x CENTC
25Z VECCEN(3) X ZCfNTC

53 Gil TO 60
Z34 C
255 C BASE CLOU

257 RICEN a fsRTC
25A QPCEQ 2 RQPC
259 VECCEJCI) c 8XCNTC

260 VECCENt2) a 8yCMTC
261 VECCEN(3) 2 BZCNTC
262 C
263 C
264 C SET ;AUSSIAM STANOARD OEvIATIONS# SET GAUSSIAN DENSITY CALCULATION
26S C CONSTANT
266 60 3Th-T g RTCEM I CR
267 STAMP a RPCEN I CR
268 STANV • RVCEN / CR
269 STAN a iNAXIf STANT, STANP )
270 CONISTI a 6.3493939E-8 / ( STANT * STANP a STANV )
271 C
272 C 7IND THE POINT OF CLOSEST APPROACH OF THE PATH TO THE CENTROID
273 C tU0.ATION
27. CALL SUBVECC VECT, VE.CEN, VECTCM

-- 275 CALL 3d.DEC1( VFCT# VECR, VECTR )
276 CALL DOTVEC( VECTR, VECTR* TRZ )
277 CALL DOTVEC( VECTCN, VECTRP TcTH )

276 RETA a TCTP / Tii2
279 C
260 C CHECK IF GROUP CENTROID IS MORE IMAN S STANDARD DEVIATIONS FROM
281 C THE POINT uF CLOSEST APPROACH. IF 0 IS# SKIP INTEGaATION
282 CALL oOTVEC( VE1TCN& VECTCN, OTCM'2
283 DCP s SORTf OTCM2 . TR2. BETA *a 2
284 IF( OCP / STAN "GT, 5. ) GO To 160

285 C I
286 C ;F POINT (IF CLOSEST APPROACH IS C-UTSIOE ENDPOINTS OF PATH
287 C INTEGRATION, SET TO VEAREST PATH rNDPOINT
268 IF( BETA.-IT. 0. ) BETA a 0.
289 IF( BETA CT. 1. " BETA a 1. V
290 C
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291 C ZIEORATION STRATEGY -START AT POINT OF CLOSEST APDROACH,
292 c INTEGRATE FORWARD TO ?MZ f IPS ENOPOIN7, THEN BACKdiAPOS TO THE

293 C SECOND ENDPOINT. STOP INTEGPATTQN IF DISTANCE FROM I4TEGRATION
290 c POINT TO GtrOUP CENTROID PON$T EXCEEDS 5 STANDARD DLV!AI±0r5;
295 C hE USE A 5I'MPSONS RULE INTEGRATION WITHi STEP SIZES OF ABOUT 0.2
296 C OF THE LARSEST OF THE THREE GAUSSIAN STANDARD DEVIATIONS
2Q7 C
298 C FIND TOTAL PATH LENGTH BETWEEN RECEIVERi AND TRANSMITTER
299 CALL OSIVECI vECT; VECP, OR?
300
3o: C INTEGRATE FIJ'WAROS AND BACKWARDS FROM PDINC OF CLOSEST APPRO!ACH

- 302 DO I-b IN :
303 lc( I-IT EO. 2 7GO TO 70
304 C
305 C FflWAPq ?NTEGPAT104 SEGMENT. INTEGRATE FROM CLOSEST APPROACH POINT
306 C TO RECEIVr~-
307 C
33 C ET sSZ- 312'
309 11?I R0T 1.BETA)
ziO HSTEP c Fl DIR /STAN
311 ODE5TA z 1. 1 OEfl 7 rLO-AT( .STERP
312 !F( NSTEP Ec. 0 7CO TO 170
AS3 i O~c No{ STFP. Z I EO. I 3 STEP NSTEP*1
31: G^, TO 50
S3! C

C1 SECOND F'lr 2S -7iNEGRATION. ITCG-(RATE FqQM POINT OF CLOSEST
311 PfAf TO TPEU4HITER
.318 750" z' OPT - RE

7
A

31 KN' TEP= IrI. S. 01. /I !TAN
330 iF9STEP f-0 CCG TO i70
3rc IF( $00Co tO 'T EQ. 1 ) NSTXr t HTER a 1
3-: DSETA - TA/ 'LOAT( NSTEP
323 C

327 C 3 37

IZRD IZO 12!STEP t ,NTP
329 FZ7Tl = BETA, DBEU~z
33o C
331 C FIND VEC:! Tt '; !TEGRAT:Tnn P0-'T
33 C&ALL M--VCiL CT' - PES*TAX, vECS' 7
333 CALL AD-jiEC! vr-T- VECAR, VE'N,
33'1 C
33 C r FIsD c9'E P THE VECT- .4cm TiE CENTROID T2l THE

C ~ fG~~=4~' G IN TPA w ?R C z- Ot RACK, ANu VERTICA
t- C 41IRECTiOW

CALL 3:"SV C' %ZCtHT. VICCENi, . ILC

.,31!-'Ws 4 VECIC-IZI * COSOW
302r. .41*c-S' V:cCC<c * sJNPW
332 C
3413 C CmEC% IF T tAC FQ !TETTNPOINT TO CENTROV-D IS WOPE THANr304 Dr-'zj ?~ATjrOfv. IF So., THIS3 PuRTIONJ Or THE INTEGRATION
345 SDOi' 0. - POJT /STAfN; 7 Z' f PPQ~JP I STANP Z t
346 1 * f PO" / TANV 7*

3c'7 IH( sl0EV cT. I.S 1 GO ID Ih-
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VNNi -=

349 C ASSUMING UNIT MASS IN THE SIZE GROU', CALCULATE EXPONENT FACTOR
350 C OF THE GAUSSIAN DENSITY At THE INTEGRATION POINT
351 EXPF x EXP( - S0EV )
352 C
353 IF( ISTEP .EQ. NSTEP,) GO TO 00
3S4 GO Tn( 90p 100. io , IG
35S 90 SUM v SUM + EXPF
356 10.O a2
357 GO Tn 120
358 100 SUM w SUM + 4. * EXPF I
359 Tq'0a3
360 GO Tn 120
361 110 SUH SUM + 2. * EXPF I
362 IGO w 2 i-
363 120 CONTINUE
364 C
365 C THIS PHASE OF INTEGRATION COMPLETED, SET CONTRIBUTION
366 130 IF( INT *EO. 2 ) GO TO 140
361 C
368 C SET NORMALIZED PENETRATED MASS C GM CM2 CONTRIBUTION rPoom

369 C FIRST INTEGRATION
370 IF( ILOUD .EO. 2 i GO TO 13S
371 P4ASSN a 100. *SUM * CONST 1 DOETA a DRT / 3.
372 GO TO 50
373 135 8PHASN 8 100. * SUM a CONSTI a DBETA * DRT /3.

374 GO TO 1SO
37S C
376 C ADD NORMALIZED PENETRATED MASS CONTRIBUTION FROM SECOND HALF OF
377 C PATH INTEGRATION
378 140 IF( ICLOUD .EQ. ? GO TO 14S
379 PHASSN PASSN 100. a SUN a CONSTI a DBETA D DRT / 3.
380 00 TO 150
381 14S BPMASN a RPHASH - 100. a SUN . CONSTI a DBETA DRT / 3. -.

- -382 C
383 150 CONTINUE
384 C
385 160 CONTINUE
386 C
387 C NORMALIZED PENETRATED MASS INTEGRATION COMPLETED
388 IF( ID *Eo. 2 1 GO TO 180
389 C
390 C COMPUTE MAIN CLOUD DUST MASSES IN SIZE GROUP

391 170 GMASSA s FMC * TMP3SDCIW) * FMA(IDG)
392 GMASSO a FMRC * TMASSO(IW) * FMB(IO0)
393 C
394 C COMPUTE THE ACTUAL MAIN CLOUD DUST MASS PENETRATCD FOR THIS SIZE
395 C GROUP
396 PMAS3A G OMASSA a PMASSN
397 PMASSB a GMASSO a PMASSN
398 C
399 C COMPUTE DUST MASS PARAMETERS FOR THE BASE CLOUD
400 BGMASA a RB3E * GMASSA
001 RGMASB a RFXSE * GMASS8
402 BPMASA a BGMASA * OPHASN AD
403 BPMASB U BGMAS8 * BPMASN LE

404 Go TO 190 -

405 C
406 C COMPUTE MAIN CLOUD CARBON MASS IN GROUP
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'201 180 GMASSC aFMC(IOG) *TMASSC(Iwj
08 C

409 C COMPUTE ACTUAL MAIN CLOUD CARBON MASS PENETRAIED FOR THIS 3IZE
410 C G R,3UP

41PMASSC cGMASSC *PMASSN

412 C
413 C COMPUTE CARBON MASS PARAMETERS FOR THE BASE CLOUD
4214 BGMASC aRSASC GMASSC
'215 BPMASC 2 8GMASC O PMASN
416# C

4- 19C COmJ-'Ilk!E
C

c i -Z 200 RVTOPN
420 END
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1 SUBROUTINE DEPTH( T IW TOG, IRT
2 C
3 C THIS ROUTINE CALCULATES THE OPTICAL DEPTHS FOR EXTINCTION#

4 C SCATTERING AND ABSORPTION FOR THE GIVEN TIME* BURST# S1ZE GROUP,
5 C AND RECEIVER - TRANSMITTER PATH. THIS ROUTINE ALSO NRITES OUT THE
6 C DETAILED AND SUMMARY TIME DEPENDENT RESULTS
I C
a C INPUTS FROM CALL STATEMENT
9 C T x TIKE AFTER BURST (S)
10 C tW a BURST NUMBER
11 C TOG s SIZE GROUP NUMBER
12 C. IRT s TRANSMITTER - RECEIVER pAIR NUMBER
13 C
14 C INPUTS FROM CINPT COMMON AREAS
is C NW 2 NUMBER OF BURSTS
16 C HOG s NUMBER OF PARTICLE DIAMETER SIZE GROUPS

17 C NRT z NUMBER OF TRANSMITTER - RECEIVER PAIRS
IS C HDROB 2 NUMBER OF THE PRESEN) CASE BEING CALCULATED
19 C IPRINT v PRINT CONTROL OPTION CO a PRINT DETAILS OF PtrH
20 C INTEGRATION, I z PRINT ONLY SUMMARY OF THE PATH

-I C INTEGRATION)
22 C FREO(IRT) . FREQUENCY OF TRANSMITTER - RECEIVER PAIR IRT (GHZ)

23 C XLAMDA(IRT)x WAVELENGTH OF TRANSMITTER - RECEIVER PAIR IRT
24 C (MICRONS)
25 C XT(IRT) a X COORDINATE OF TRANSMITTER IRT (METERS)
26 C YT(IRT1 2 Y COORDINATE OF TRANSMITTER IRT (METERS)
27 C ZTIRT) a Z COORDINATE OF TRANSMITTER IRT (METEPS)
26 C XR(IRT) a X COOROINkTE OF RECEIVER IRT (METERS)
29 C " YR(IRT) a Y COORDINATE OF RECEIVER IRT (METERS)
30 c ZR(IRT) z Z COORDINATE OF RECEIVER IRT (METERS)
31 C
32 C INPUTS FROM CPATH COMMON
33 C PMA33A a MASS PENETRATED ALONG THE PATH BETWEEN RECEIVER AND
34 C TRANSMITTER NUMBER IR

T 
DUE TO MODE A DUST PARTICLES IN

35 C SIZE GROUP TOG FROM gURST IN (GM/CM2)

36 C PMASSB x NODE B DUST PARTICLE MASS PENETRATED (GM/CH2)
-- 37 C PMASSC a CARBON PARTICLE MASS PENETRATED (GH/CN2)

38 C GMASSA a NAfS OF MODE A DUST PARTICLES IN SIZE GROUP JOG AT TIME
39 C T DUE TO BURST IN (Gm)
0 C GMASSB M MASS OF MODE P DUST PARTICLES IN SIZE GROUP OG AT TIME
41 C T DUE TO BURST IN (GM)

02 C GMASSC x MASS OF CARBON PARTICLES IN SIZE GROUP TOG AT TIME T DUE
43 C TO BURST IN (GM)

44 C
45 C INPUTS FROM CPGRP COMMON
46 C CMUSA(I#J) a MASS SCATTERING COEFFICIENT FOR SIZE GROUP I AT

-- 07 C WAVELENGTH J FOR MODE A DUST PARTICLES (CN2/GM)
48 C CMUSB(IJ) x MASS SCATTERING jOEFFICIENT FOR SIZE GROUP I AT
49 C WAVELENGTH J FOR MODE B OUST PARTICLES (CM2/GM)

so C CMUSC(IJ) x MASS SCATTERING COEFFICIENT FOR SIZE GROUP I AT
51 C WAVELENGTH J FOR CARRON PARTICLES (CM2/GM)
52 C CMUEA(I#J) 2 MASS EXTINCTION COEFFICIENT FOR SIZE GROUP I AT
53 C WAVELENGTH J FOR MOOE A DUST PARTICLES (CM2/GM)i 54 c CHUER(IJ) a MASS EXTINCTION cOEFFICIENT FOR 31ZE GROUP I AT

55 C WAVELENGTH J FOR MODE 8 DUST PARTICLES (CM2/GM)
56 C CMIJEC(IJ) a MASS EXTINCTION COEFFICIENT FOR SIZE GROUP I AT
57 C WAVELENGTH J FOR CARBON PARTICLES (CH2/GM)

so C
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59 C INPUTS FROM CTIML COMMON (USED ONLY FOR PRINTING DETAILED RESULTS)60 C XCENTO a X COORDINATE OF THE CENTROID FOR DUST PARTICLES (BOTH61 C MODE A AND MODE B FrjR THE MAIN CLOUD IN SIZE GROUP
C IOG FOR BURST NUMBER IN AT TIME T (R1ETERS)63 C YCENTD Y COOFDINATE OF THE CENTROID FOR DUST PAqT:CLES IN SIZE64 C GROUP IDG FOR BURST IN AT TIME T (METERJ)65 C 7CENTO a Z COORDINATE OF THE CENTROTO FOR DUST PARTICLES IN SIZE66 C CROUP IDG FOR BURST IW AT TIME T (METERS)67 C XCENTC = X COORDINATE OF THE CENTROID FOR CARBON PARTICLES IN SIZE68 C GROUP TOG FOR BURST Iw AT TIME I (METERS)69 C YCZNTC v Y COORDINATr OF THE CENTROID FOP CARBON PARTICLES IN SIZE70 C GROUP IDG FOR BURST IN AT TIME T (METERS)71 C ZCENTC a Z COORDINATE OF THE CENTROID FOR CARBnN PARTICLES IN SIZE72 C GROUP 10G FOR BURST IN AT TINE T (METERS)73 C RTD a RADIUS IN THE WIND TRACK DIRECTION FOR DUST PARTICLES IN4 C THE MAIN CLOUD IN SIZE GROUP IDG FOR BURST IN AT TIME T

75 C (METERS)
76 C RPD a RADIUS IN THE DIRECTION PERPENDICULAR TO WIND TRACK
77 DIRECTION FOR DUST PARTICLES It! SIZE GROUP IG FOR BURST78 C IN AT TIME T (METER$)79 C RVD z RADIiJS IN THE VFRTICAL DIRECTION FOR DUST PARTICLES IN80 C SIZE GROUP IOG FOR BURST IN AT TIME T (METERS)
of C RTC x RADIUS IN THE WIrd TRACK DIRECTION FOR CAR8ON PARTICLES82 C IN SIZE GROUP IDG FOR BURST IN AT TIME T (METERS)83 C RPC x RADIUS IN THE DIRECTIO? PERPENDICULAR TO THE WIND TRACK84 DRECTION FOR CARBON PARIICLES IN SIZE GROUP lDG FOR85 C BURST 1W AT TINE T (METERS)
86 C PVC • RADIUS IN THE VERTICAL DIRECTION FOR CARBON PARTICLES INal C SIZE CROUP IDG FOR BURST IN AT TIME T (METERS)
as C RYCTD X COORDINATE OF THE SASE CLOUD CENTROID FOR DUST9 C PARTICLES (B0TH MODE A AND MODE B) FOR SIZE GROUP jDG FOR90 C BURST NUMBER IN AT TIME I (METERS)91 C BYCNTD Y y COORDINATE OF THE BASE CLOUD CENTROID FOR DUST92 C PARTICLES FOR SIZE GROUP IDG FOR BURST IP AT TIME T
93 C (METERS)94 C BZCNTO a Z COORDINATE OF T! iE CLOUD CENTROID FOR OUSTqs C PARTICLES FOR SIZE GROUP IG FOR BURST IM AT TIME T96 C (METERS'
97 C BXCNTC a X CnGRDINATE OF THE BASE CLnUD CENTROID FOR CARBON
98 C PARTICLES FOR SIZE GROUP IOG FOR BURST IN AT TIME T99 C (METERSI

100 C BYCNTC Y Y COORDINATE OF THE BASE CLOUD CENTROID FOR CARBON101 C PARTICLES FOR SIZE GROUP IDG FOR BURST IN AT TIME T102 C (METERS)
203 C eZCNTC • Z COORDINATE OF THE BASE CLOUD CEUTROID FOR CARBON104 C PARTICLES FOR SIZE GROUP IOG FOR BURST I AT TIME T
105 C (METERS)106 C BRTO RADIUS IN THE MIND TRACK DIRECTION FOR THE BASE CLOUD107 C DUST PARTICLES INl SIZE GROUP tOG FUR BURST IN AT TINE TIDS C (METERS)
109 C BRPO • RADIUS IN THE DIRECTION PERPENDICULAR TO THE WIND TRACKIt0 C DIRECTION FOR THE BASE CLOUD OUST PARTICLES IN SIZE GROUPII C OG FOR BURST IM AT TIME T (METERS)
112 C BRVO RADIUS IN THE VERTICAL DIRECTION FOR THE BASE CLOUD DUST113 C PARTICLE' IN SIZE GROUP IDG FOR BURST IN AT TIME T
114 C (PETERS)_ 215 C RRTC : RADIUS IN THE iIND TRACK DIRFCTION FUR THE BASE CLOUD116 C CARBON PARTICLES IN SIZE GROUP TOG FOR RURST Ih AT TIME T
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I1I C (METERS)
118 C BRPC aRADIUS IN THE DIRECTION PERPLNDICULAR TO THE WING TRACK
119 C DIRECTION FOR THE BASE CLOUD CARBON PARTICLES IN SIZE
120 C GROUP TOG FOR BURST IN AT TIME T (METERS)
121 C BRVC aRADIUS IN THE VERTICAL DIRECTION FOR THE BASE CLOUD

122 C CARBON PARTICLES IN 9IZE GROUP TOG FOR BURST IN AT TIME T I
123 C (METERS)
124 C
125 C OUTPUTS
126 C TAUEA x OPTICAL DEPTH FOR EXTINCTION AT TINE T ALONG PATH BETWEENI
127 C TRANSMITTER - RECEIVER IRT DUE 10 NODE A DUST PARTICLES IN

228 C SIZE GROUP IOG GENERATED BY BURST 1W
129 C TAUES v OPTICAL DEPTH FOR EXTINCTION DUE TO NODE 8 DUST PARTICLES
130 C TAUEC v OPTICAL DEPTH FOR FXTINCTION DUE TO CARSON PARTICLES
131 C TAU3A rOPTICAL DEPTH FOR SCATTERING DUE TO MUDE A DUST PARTICLES
132 C TAUBN4 OPTICAL DEPTH VOP SCATTERING DUE TO MUDE 8 DUST PARTICLES
133 C TAUSC zOPTICAL DEPTH FOP SCATTERING DUE TO CAR40N PARTICLES
1341 C TAU4A x OPTICAL DEPTH FOP A4SnNRPTION DUE TO MODE A DUST PARICLES
135 C TAUAB 2 OPTICAL DEPTH FOR ABSORPTION DUE TO NODE B DUST PARTICLES
136 C TAUAC x OPTICA L DEPTH FOP ABSO)RPTION DUE TO CARBON PARTICLES
137 C
138 C OUTPUTS TO CD1EPT4 COMMON

139 C TAUEWCIWIRT) 2 TOTAL EXTINCTION OPTICAL DEPTH ALONG PATH IRT DUE
100 C TO ALL SIZE GROUPS AND MATERIALS FROM BURST IN
141 C TAUSWCIW#IRT) 4 TOTAL SCATTERING OPTICAL DEPTH DUE TO BURST IN
.42 C TAUAW(INIRT) a TOTAL ABSORPTION OPTICAL DEPTH DUE TO BURST IN
143 C TAUECIRT) a TOTAL EXTINCTION OPTICAL DEPTH ALONG PATH IR? DUE
104 r TO ALL MATERIALS IN ALL S;ZE GROUPS AND ALL BURSTS
105 C TAUS(IRT? a TOTAL SCATTERING OPTICAL DE*TH
146 C TAUA(IRT) a TOTAL ABSORPTION OPTICAL 'PTH

147 C
148 COMMON / CINPT2 / FREG(IO), XLAMDAC1O), XT(10)# YM(1), MTIDO)
149 1 XR(10)l YRCIO), ZR(10)
150 COMMON / CINPT6 /NM, HDG, NRT, NTINE, NPROI, IrRINT
151 COMMON / CPGRP /FNA(S0)p FNB(50), FNC(SO)r FMA(S0i, F#MB(50)i
152 1 FmC(50), PNGA(50)* PNGBl(SO)# PNGC(30)t
153 2 CMUSA(S0,10). CHU30(50,10), CHUSC(50u10),
154 3 CMUEACSO,10), CMUEBCSO,10)# CMUEC(SOI0),
155 4 CMUBA(SO,I0). CMUBB(50,10)f CMUBC(50,10)
156 COMMON /CTIME /xCENTD, YCENTD, ZCENTD, xCENTC# YCENTC, ZCENTC,
157 I RTD# kPO, RVD, RTC, RPC, RVCr RS, HS, RT. RP,
158 2 RV, XCENTO, YCENTO. ZCENTO* 8XCNTD, 8YCNTDf
159 3 BZCNTD# BXCNTC# BYCNYC, BZCNTC, ORTO, BRPO.
160 4 BRVD, ORTC, RRPCv BRYC, BXCNT0. BYCNTO, BZCNTO,
161 S BRT, ORP. BRV
162 COMMON / COEPTH ITAUEM(10,l05# TAUSW(t0,10)t TAUAW(1D,10)p
163 1 TAUE(10). TAUS(IC), TAUA(10)
164 COMMON /CPATH /PNASSA, PNASSB, PMASSC, GMASSAP GNASSB, GMASSC
165 I S PMASAr BPMA88 BPMASC, BGMASA# BGHASB, BGMASC
166 COMMON /TAPE IITAPE# JTAPE
167 C
108 C COMPUTE THE OPTICAL DEPTH FOR EXTINCTION, SLATTERING, AND
169 C ABSORPTION FOR THIS SIZE GROUP FOR EACH MATERIAL
170 C COMPUTE OPTICAL PARAMETERS FOR THE MAIN CLOUD FIRST, THEN FOR THE
171 C BASE CLOUD
172 DO 105 ICLOUD 2 1, 2
173 IF( ICLOUD .EQ. 2 )GO TO 5

174 C
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I75 C MAIN CLOUD

176 TAUEA sPMASSA * CHUEACZDG*IRtj
177 TAUEB x PMAS38 * CMUEB(IDGtIRT) o

178 TAUEC =PMASSC * CMUEC(IDGrIPT)

179 TAUSA % PHASSA * CMUSA(IOG#IRI)
180 TAUS8 PMASSR * CMUSU(IOGIRT)

181 TAUSC x P"ASSC * CMUSC(IDG#IR1;

182 CMUAA rC14UEA( IDG, I RT - CP'USA(IDGIRT)
1 CMUAB cCMUEB(IOGIRT) - CKUSR(IOGIR7)

184 CI'UAC =CFUEC(IDG,IRT) - CIvlSC(IDG*IRT5

185 TAt:AA z PMASSA *CMdUAA
1ob TAUAB z P'ASSB * Cl)IJAB
187 TAUAC =PKA-4SC * CHUAC
188 GO TO 7
189 C
190 C BASE CLOUD

14ZI5 TAIIE& a BPOASA * CMUEA(IDGPIDI)
.92T4UO z80M58* CMUE~l(IoGIPT)

TAUEC 7 SP14ASC ACMUUEC(ID~IRT)A
194 TAI)54 BPmAS4 C4U3a(lDt,PTl
195 TAUS$ BP'4ASB *CtlUSB( .0- 1:;T 1

196 !AUSC z P! ASC C1NU3C(ODG*!P')
19' TAUAA c8PI4ASA *CMUAA

198 TAiAR = PPMASB C~tbAb
199 TAUAC c PmASC C?,UAC
200 C4
201 C SMN THE EXTI'JCTIOtlo SCATTERING AND ABSORPTION CONTRIBUTIONS FROM R

202 C THE VIREE MATERIALS
203 7 TAUET =TA~cA vTAJEB + T4UECv

204 TAUST m TAIUS t TAUSS + TAUSC
205 TAUAT gTAU-1A 4 TAUAB + TAVAC

206 C
207 C ADD THE CUNTRIBUTIONS TO THE TOTAL$ FOR EACH BUiRST AND FOR ALL

208 C BURSTS
209 TAUEN(IHIRTi TAUJEw(IK,1R',5 + TAUET
210 TAUS~f(114IRT5 2 TAUSW(IW,IRT) 4 TAUST

211 TAIJAW(IM,IRT) zTAUAW(1IM,IRT) + TAUAT

212 TAUE(IRT) =TAUE(IRT) + TAUET
213 TAIJS(IRTi . US(IRT) * TAUST

214 TAUA(IRT' TAUA(IRT) + TAUAT

215 C
216 C NRITF OUT THlE DETAILED PESULTS UNLESS SUPPRESSED BY IPRINT OPTION

21-7 IF( IPRINT Cl. 0 5 GO TO 105

ate IF( JDG *EQ. IAND. IRT *EQ. I AND. ICLOUD .EQ- 1I GO TO 20

219 XM5SiAX AtIAXI( PMA35A, PMA$SR# P14ASSC

220 iCIj~UV .E0. 2 ) XMSMAX r.AMAXI( 8MMSA, BPMASB. 5PMASC

C21 IF( XmSMAX ALE. 0. ) GO TO 105

222 It( '4LNES -!J~. 50 )GO TO 60

- -223 MR:TE(XIAPE, 10)
224 10 FO MAT(1,79H DEIAILED SIZ

- -ES IE GROUP RESULTS (CONTINUED)
226 'JLINES r.9
227 GO TO 40
228 20 IIRITE(JTAPE, 110) NP",B T, TM
229 30 FURMAT(SH1,74H ASL HUN

230 IITIUN DUST CLOUD MODEL IN #H

231 26HPROBILEM NU'm6fR

232 3 *13 /IHO.
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Z33 472H4 DETAILED SIZE GROUP RESULTS F
23a SOR TIME SF6.1, eh, SECONDS j'IN
235 672H BURST
23,_ 7 NUMBER x . 131
237 NLINES *15
236 40 WRITE(JTAPE, 5o)
Z39 50 FORMAT(1140 / 1140,
240 1126HCLOUD OUST CARBON OUST RADII CARBON RADII TOTAL M

I24t 2ASS CLOUD GROUP MASS OPTICAL DEPTH ALONG PATH DUE TO GROUP /
242 31H4

1:243 4125H CENTROID CENTROIO WIND TRACK WIND TRACK IN GROUE4'z SP PENETRATED EXTINCTION SCATTERING ABSORPTION/
245 6114
246 7113t!GAOUP X-COORO. X-COORD. CROSi TRACK CROSS TRACK DUST-ND247 80E A PATH DUST-MODE A DUST-MODE A / IN
248 9II3mNUMBER Y-COQRD. Y-COORI0 . VERTICAL VERTICAL DusT-MD
249 IDE 8 NU14BER DUST-MODE B DUST-NODE 4 / IN250 2110H4 Z-COORO. Z-COORn. (METERS) (METERS) CARRO
251 3N CARBON CARBON IN11252 4 85H (METERS EES) (GRAM

253S5) (GM/CN2) I
254 60 IF( XMSMA.~ GT. 0. ' GD TO 8S
255 IF( TAT *Ea. 1 *AND. lOG .EQ. I GO TO 65
2S6 GO TO 105
257 6S If( ICLOUD *EQ. 2 i GO TO S0
258 WRITE(JIAPE, 70) XCENTO, XCENTCs RTO, RTC, CHASSA, PHASSA, TAUEA.259 1 TAUc'A, TAUAA; IOGr YCEN1~o YCENTC# APD, RPC.

202 GMASSBP IRT# PMA338* TAUE8, TAUSB, TAUAS, ZCEI.TD#
261 3 ZCENTC, RVD. RYCt GNASSC* PMASSC. TAUECt TAUSC,
262 4 7AUAC
263 70 FORMAT(IHO, 4HMAIN, 2F11.1, 2p12,.o IPE14.2, 5X, 4HMA1N, IPEIZ.2*264 1 3E13.2/ IN ,13, OPFI2.1; FIt.l, 2F12.1, 1

0
E14.2, # 1 2 -t265 2 3E1.2r/ IN ,OPFIS.1, F II. 2FI2.1,If EO2 E., E3.2

266 GO TO 100
26? 80 WRtTZ(JTAPE, 90) B XCUTO, SXCNjC# BRTO, BRTZ# 5GMASA, SPHASAP TAUEA268 1 ,TAUSA# TAUAA, IOG, BYCNTD# 8YCNTC# BRPOU 6RPC,269 2 OGWASB, IT# RPMASB, TAUEB, TAUSO, TAUAG# BZCNTO,270 3 BZCNTC, BRYD, BRYC, 8GMASC, BPMASC, TAUEC# TAUSC#271 4 TAUAC
272 90 FORmAr(1HO. 4HBASE# 2FI1.1, 2FI2.1, IPE14.2, 5X, 4RASE# IPE12.2.
273 1 3EI3.2/ I14 # 13, OPFI2.1, F11.1. 2F12#i, IPE14.2# I?, E14.2#274 2 3E13.2,/ IN , OPFIS.1, F11.I. ZF12.1, Ir!14.Z, E21.2# 3E13.2
275 100 NIINES a NLINES t4

276 105 CONTINUE
277 IF( 10 *EQ. NW .AND. lOG .EQ. MDG .AND. IRT *EO. NRT )00 TO 110
278 GO TO 240
279 C
280 C ALL CALLULATIONS ARE COMPLETE FUR THIS TIME. WRITE OUT SUMMARY OF
281 C ZSULTS FOR EACH PATH
262 110 kAITECJTAPE, 120) UPROB, T
283 126 FORMAT(lH1,SPH £51 MUNITION DUST CLOU
284 ID MODEL I 110
28S 248H4 PROBLEM NUMBER , 13 1 1140,
Z86 362H SUMMARY OF PROPAGATION RESULTS FOR TIME *287 4F6.1, OH SECONDS I
288 NLINES a It
289 C

290 00 230 KAT 1 , NAT
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291 C
292 C CALCULATE THE TRANSMISSIONJS CORRESPONDING TO THE TOTAL OPTICAL
293 C DEPTHS
29a TRA~iE 2 0,
29S TRANS a 0.
296 TRANI x 0.
297 IF( rAUE(KRT) *LT. 4i0. )TRANE A EXP( -TAUE(KRT))
298 IF( TAUS(KRT) ALT. 40. ) TRANS 2 EXP( TAUSCKRT)
299 IT' TAUA(KRT) LT1. 40. ) TRANA C EXP( -TAUA(KRT)

300 C
301 G0 220 Kw = 2 N
302 19' 9RT E80. I AND, KW *EQ. jIGO TU
303 I!NL!NES L. 50 1GO TO 17o

3c-a RITE(*TAPE, 140
3o5 140 CLIPT(141,63" SUMARf ;F PROPAGATION RESULTS
306 ICCONTINUED) I

zo? N'J1JES = 8
3 ~ 150 -A.TE(JTAPE, 160)

309 160 FO9MAT( IHO,
3!o 1 9Th wAVELENGTH DATH COOROINATESCIIETERS) TOMA T
311 201AL OPTICAL OPTICAL DEPTH Co-NTRI- / 1H
312 3 99H PATH (MICRONS) TR-NSmITTER RECEIVER TRANSN13SION
313 a DO~s BUTIONS FROM EACH. BURST / IH
314 S 94HNqUA8ER FREQUENCY X-CpORO. X-COORO. EXTINCTION
315 65XTINCTION BURST EXTINCTION / IM

=316 7 94H (GHZ) Y-COORO. '1-COORD. SCATTERING
317 ESC47TERING NUMBER SCATTER;NG / IN
318 9 94H Z-CO'ORO. Z-CoORD, ABSORPTION

319 IABSORPTICM ABSORPTIONF32Q 170 I-Ff Kk T GO TO j9o
321 WRITECjTAPE, 180) KRT, XLAMOA(KRY), XT!KRATI, XRtKRT), TRANE,
32? tTAUECKRT), Kw, TAUEW(KN,KRT), FREg(KRT),
323 2 YT(KRT), YR(KAT)o TRARSr TAUS(KRT)t
324 3 TAUSW(KWtKRTI, ZT(KRT)v ZR(KRT), TRANA,
325 4 TAUA(KRT)p TAUAk(KNKRT7
326 180 FORHAT(HO, lit F13#!, FIR,), F11.1# IPE16.2t E15.2f is. E14.2/
327 1 !H , 1PE16.2, OPF14.1, F11.1, IPE16.2. EIS.2, EZ2.2
328 2 1- , 16x.- OPF10.1, FiI.t, 1PP16.2, Ei5.2# E22.2
329 GO TO 210
330 190 4RITI(JAPEP 2G0) xW, TAUEW(Kw.KRT)t TAiJSN(KWKPT), TAUAW(XW#KRT)
331 200 FOR4ATciHn, 72X, 18t IPE10.23333 Ccx IiH,80:A

336 20COnTIMuE
337
338 ?3 CONTIKUr
339 C
340 240 RETURN
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I SURROUTINE ADOVEC( VS. V2, V3
C c

3 C THIS ROUTINE ADDS TWO THREE VECTORS TOGETHER
4 C

S C INPUTS
6 C VI a FIRST THREE VECTOR
7 C V2 z SECOND THREE VECTOR

c
9 C OUTPUT

It C
11 C V3 a THREE VECTOR WHICH 1S THE SUN Of VS AND V212 C

13 DIMENSION Vt(3i, V2(3)t V3(3i14 C
15 00 10 I ;1,.16 .1i *V(J V2(Ij

17 10 CONTINUE
Is C

19 RETURN
20 END'
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I SURROUINE SUBVEC( VIP V2* V3
2 C
3 C THIS RGUTINE sUSTRACTS TWO THREE VCCTORS
4 C
5 C 1 N? )TS
6 c VI x FIRST THREE VECTOR
7 C V2 a3ECOJO THREE VECTOR
8 CA
9 C OUTPUT
10 C V3 a P4REE VECTOR WHICH 1S Vt V2
11 C
!2 DIHEN31ON VIC!), V2(3)# V3(3)
13 C

14 ~DO 10 1 ;11;,3.V2
is V3Clij II 2
16 10 CONTIHuE
17 C
18 RETuRm~
19 END
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I SUBROUTINE MULVECT V1, S, V3
2 C
3 C THIS ROUTINE MULTIPLIES A 7HREE VECTOR BY A SCALAR
4 C
5 C INPUTS
6 C V1 a THREE VECTOR
7 C S UASCALAR
6 C
9 C OUTPUT

10 C V3 u THE THREE VECTOR RESULT!NC FROM PULTIPLYING V1 BY S
it C
12 O1'4ENSTON V1(3)t V3(3)

13 C
14Z V3(1) x S VI10)

15V3(2) *5S* VI(2)
16 V3(3) x 3 * Vi(3)
17 C
is PETURN
19 END
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I SUBROUTINE OOTVEC( VI. V2* 3
2 C
3 C TH4IS ROUTINE CALCULATES THE DOT PRODUCT OF TWO THREE VECTORS -
4 C
S C INPUTS
& C V1 FIRST THREE VECTOR
7 c V2 x SECOND TNREE VECTOR
8 C
9 C OUTPUiT
10 c S z SCALAR DDT PPODUCT CF VI AND V2
II C-
12 DIMENSION VI(3). V2(3)
13 C

143 aVI(I) *V2(1) Vtt) *Vg(Z) 1'VIM3 V2(3)

16 RETURN
17EN
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I SUBROUTINE OSTVFC( Vt* V2# DIST I
S C THIS ROUTINE CALCULATES THE OSTANCE BETWEEN THE ENODnIN7S OF
4 C VECTORS V1, AND V2
s C

7 C INPUTS
a C V1 z FIRST THREE VECTOR
9 C V2 z SECOND THDEE VECTOR

DI 0ST r DISTANCE BETWEENd ENDPOINTS OF VECTORS Vt AND V2
13 C

O4 INE'JS!ON VIC3, VZM3

16 DIST SORT( ( VIM! - V201) 2 + VI(2) *V2(2) 2

17 1 + VIM~ V2(3) ~ '2

20 END j
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