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1. INTRODUCTION

This report describes the structure and use of the program PARCS (Plume
Attenuated Radar Cross Section). This is a CDC FORTRAN 1V code that calculates
the coherent, incoherent, and overdense surface radar cross sections of a rocket

plume. The calculations include attenuation, local index of refraction, doppler

shift, and range cell. The program accepts plume data directly from the AeroChem
LAPP code (I), but may be interfaced with other sources of plume definition.

The program was developed for the Air Force Rocket Propulsion Laboratory
under con*ract No. F04611 -75-C-0021, monitored by Capt. W. Rothschild and
Lt. R. Sperlein. The Technical Monitor was Dr. R. Fante (AFGL).

The RCS model was developed at Aerodyne by Drs. D. Mann and J. Draper.(z‘ 3)

This report summarizes the model equations and gives an outline of the program.

1. R. R. Mikatarian, C. J. Kau and 11, S, Pergament, "A Fast Compuier Program
for Nonequilibrium Rocket Plume Predictions, "AeroChem Research Laboratories,
Inc., August 1972, AFRPL-TR-72-94,

(&5

. D. Mann, J. Draper, and J, Rickraan, *'"Rocket Plune Radar Cross Sections: Theory
and Duta," JANNAF 9th PLUME TECHNOLOGY MEETING.

3. JANNAF Rocket Exhaust Plume Technology Handbook, ' Plume RCS,'" J,S, Draper
and . Mann, soon to be published,




2. DESCRIPTION OF THE MODEL

2.1 Table of Symbols

Text Program
a ATT

c C

f RFREQ
Af

Aﬁ) DOPFRQ
K

U FL

N

N

N XIND

N YIND
Net,k PLE (I,K)
N, ZNE

P PHASE

r RJET

4 PLR (1,J)
rodi PLROVD(1, J)
R RANGE

8 S

S S SMIN, SMAX

v PLVC (1.J)
vp DOPVEL
w B WIDTH
Ko. Zo XO, 20
Xiim X LIM

200 ?pyy Z00. ZLIM

Attenuation coefficient (m-l)
Velocity of light (2.998 x 108 m/sec)
Radar frequency (Hz)

Doppler frequency shift (Hz)
Radar frequency resolution (Hz)

Radar wave vector (m-l)

Maximum plume length intersected by radar beam
(RJET)

Normal to overdense surface

Complex index of refraction

Real part of index of refraction

Negative of imaginary part of index of refraction

Plume electron density (cm-3)

Interpolated electron density (cm_3)
Coherent cross section phase (radians)

Jet radius at matched pressure (m)
Radial location of plume data point (m/jet radius)
Radius of OVERDENSE surface at z, (m/jet radius)

Radar source to plume range (m)
Ray S coordinate
Ray integration limits

Plume gas axial velocity (m/sec)
Radar velocity resolution

Radar beam width (m)
Ray intersection with x, z - plane
x coordinate integration limit

2 coordinate integration limit
2




Text

Program

GAM
STEP
DXO

DZO

THETAD

FMUOD(1),
FMUOD(2)

PLFC(1,J)

Pl

TTILDA (Y,
TTILDA (2)

OMEG

Forward scattering angle (radians)

Mean fluctuation factor
Step size along s-axis (jet radii)

Step size along x-axis (jet radii)
Step size along z-axis (jet radii)

Radar aspect angle (DF.G) (0° nose on viewing)

Complex overdense surface return amplitude (m-z)

Plume collision frequency

3.141592654
Overdense surface reflection coefficient amplitude
Total raaar cross section (RCS) (m2)

Coherent RCS (m2)
incoherent RCS (m?)

9
Overdense RCS (m®)

=0}
Coherant RCS complex amplitude (m %)

Angle between overdense surface x, z plane
projection and the z-axis

Radar frequency (radians)
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2.2 Coordinate Systenis

i The rocket plume coordinate system is shown in Figure 1. The plume is
assumed to be symmetric about the g-axis. The x, y plane is parallel to the
nozzle exit plane, bu. displaced by an amount dependeat on the interval over
which the plume data is given. The coordinate values are in units of jet radius
at matched pressure.

The plume data is given at discrete points rij by the AeroChem LAPP
code!l) The plume properties given are electron density Ne’ electron-neutral

collision frequency v and axial gas velocity v.

Volume and surface integrations are performed in the skew coordinate
system obtained by rotating the plume system y-axis so that it lies parallel
to the radar line-of-sight. The rotated axie is called *the s-axis, and it can be
seen in Figurel that y = -s sin§ , where ¢ is the radar aspect angie.

Volume integrations are performed over a matrix of rays parallel to the
s-axis, and 2 volume dv= dx dy dz = dx dz (-ds sin § ) is associated with each
integration step.

2.3 Incoherent RCS

The underdense incoherent cross section is calculated from the forrmulas:

X Lim ]’xle
. - 2
Ulnc = 4m [ 2 (-] (xol zo) rj &o dzo

z
with = ’ Y
[. max . 8
o ]
g = (—E) exp -4[ lr’dl T sin § ds ,
| ®*min *min

,

(2)
where the limits are chosen to include the entire volume of the plume.
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' ‘ AL-1402
% Figurc 1 - Coordinate System
The {ategration limits ave given by:

‘ X im PLRMAX (3)
Zgo * ~PLRMAX/tan 6 1)

T iR PLRMAX/tan 6 + 1. , (5)
i where PLRMAX is the maximum plume radius, L is the length of the plume, and
Ji # is the aspect angle,

.
[}
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Other definitions required are:

2
rny a 2
%:i&g_¢ : 0:15.6/\3[14» (2N%A)] (6)

a- %ﬁ + ﬂ(l+ cosﬁm) (g%) . (7
x N=R YN° ; N= -lm\lr? , (8)
\ and ;S &
! N

120 S S (e R o)

The quantity T is the (nondimensional) radar cross section per unit arca
along the ray that passes through ("0' o, Zg)e The limits of integration are
: obtained by intersecting the ray with a plume defined as a set of cylindrical
, slabs (see Figure 2). The integrand in the & calculation is the product of a
. nondimensional attenuation factor and the cross section per unit volume
) de /df (m-l sr°l). The function 0(!113) i{s the Kolinogorov correlation
function, and a (m-l) is the attenuation coefficient per unit length,

Other definitions required are:

<16
=  electron radius = 2,3178x 10 15 (m}

r
: =  mean fluctuation factor
A turbulence scale = r (m) Uest radius at matched pressure)
< velocity of light = 2,998 x 10~ (m/sec)
w = gignal frequency - 271 (sec -l)
N = square of index of refraction
N = critical density = 3.14 x 10710 w2 (cmY
A, = forward scatter 1/2angle = 7

The mean fluctuation factor, v, is the ratio of the fluctuating to the mean
electron density. 7Typical values are between 0. 5and 1.0

6
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2.4 Coherent RCS

The underdense coherent cross section‘is calculated from the formulas:

Lim xL'i:m 2
~ 2
Ooh = 47 j ‘r(xo, zo) rj dx0 d.,0 . (10)
. 0 0
where
]
T - f f arjds' (cos P-1{ sin P) . T sing ds
\’1 + Smin : (11
and
s
= N w
P = f 2N rjds'+2c rj(smm+zocoso) . (12)
®min

This calculation is complex to include both amplitude and phase. The quantity|?'|
has the units of m ', All other symbols have been defined in Subsection 2,2, The
quantity (s +z, cos ¢ ) is the distance from the edge of the plume Bmin 10

Figure 2) to a fixed plane passing through the origin normal to the integration ray.
Those rays that pass through the plume rocket interface (Figure 2) are made to give
a zero conerent and overdense return because the plume face is cbscured by the
vehicle,

2.5 Overdense RCS

The integrations in Subsections 2.3 and 2,4 with respect to s are terminated when
an overdense surface is reached. This is defined to be the locus of points where,

Ne = Nog =Nc [l + )2] L\ v L)‘J 1 sinzé . (13)
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The radar cross section contribution from reflection by the overdense

surface is given by:

ZLim *Lim 2
-1 2
O4 =7 [ f 2u (xo, zo) 5 sin dx dz . (14)
0 0
with
AA ]
V.K
~ 1 w 1/2
p=(ﬁ?p Q ? g/ exp | -2 f arjds (cos P -1sin P) .
| 5 i (15)
1-N p—
P = TIN (N = complex index of refraction) i (16)
and o
e 0 . ﬁ=0.873-rjsln0
¢ - 1+4<;j—d-) ecp(-ﬂ)
o
r od = radius of overdense surface
(17)

A A
where K is the unit wave vector, N is the normal to the overdense surface, p is the

reflection coefficient amplitude, and ¢ is a surface roughness correction. The
surfacc roughness becomes important when the mean roughness ¢h) is on ‘ae
order of a radar wavelength. Ir the above formulation, h = 0. 41'j and surface
roughness should be included for kh > 0. 5.

The radii of the overdense surface r at each axial station zl are

determined from the overdense condition

2
v v \-1 2
Ne 2 N_ [‘*(u)] (1 + “,) sin” @




e — e

5

The intermediate values r od (2) are linearly interpolated from the plume axial

station values rodi and rOdi-l. where,

Zy_1< Z2 < 2

The normai to the overdense surface in the x z-plane is

N@z) =cos ¢ , O, -sin ¢ , (19)
where
r -r
odj,y oY
tanwz——z——_z—— ywith z, <z <z -1 . (20)
i+1 1

The three dimensional normal at an arbitrary point (x, y, z) is8 obtained by
rotation about the z-axis.

ﬁ(x, Y»z) - (cos Y cos B8, cos ¥sin 8, -siny) , (21)
for
X v
cos f - ————— i sin B8 = : (22)
xz by yz V‘xz + y2

The radar wave vector dot product with the surface normal is given by:

N ~

N:K - -sinfcosy sin 8-cos6 sin ¥ , (23)
where

K (0, -sin 8, cos §) . 24)

10




2.6 Range Cell

The radar resolution is limited by the range cell length (f) and beam width
(w) as shown in Figure 3. For small aspect angles (@) the resolution is limited
by the range cell length, and the maximum plume length intersected by the radar

beam is

(25)

L — N .
LD:-\_(é_ L wisin _ leosg D z

Al-1404

Figure 3 - Finite Radar Beam Incident on Cylindrical Plume
(for w=1 - 10D, 6= tan-1 (w/[))

11
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For large aspect angles the maximum plume length intersected is
determined by the range cell length.

3

_ / -1fw
L_COSO g tan (T)S OSE : (26)

The large and small aspect angle equations are equal for 6 = tan-l(a/[) as
shown in Figure 3. The beam width is determined from the range (R) and

beam divergence (8) according to
w=R3$§ s (27)

The cross sections are summed and printed for each range cell when the
integration intervals in the axial direction (z in Figure 3) are multiples of the
plume intersection length L. The low aspect angle case (§ < 00) is not range
cell resolved. but appears in a single range cell (see Subsection 2.8).

2.7 Doppler Shift

The incoherent cross section is Jetermined as a function of doppler
frequency shift. The shift is due to the local gas velocity ('\7') relative to the
missile, and is given by:

Af(Hz) = 27K - V. (28)
where K is the radar wave vector. The contributions to the incoherent cross

section at each point along the integration ray are put into a Doppler b:n deter-
mined by the local gas velocity.

The velocity resolution of the radar,

Vy © smg - A4fp = Radar frequency resolution . (29)

12




IR,

and the maximum gas velocity are used to define the velocity width of the
Doppler bins (VD) and the number of bins. As the integration along the ray
proceeds the local gas velocity V is projected along the radar line-of-sight K
and a Doppler bin N is selected such that

- A
(N-1) V < V. K< NV . (30)

The local incoherent croas section contribution is stored in Doppler bin N
and is taken to be the integral along the ray from the preceding integration

point.

2.8 low Aspect Angle

The cross sections for aspect angles in the range

|6] < 6, (8, = low aspect angle definition from input data) ,
(31)
are determined by integrating over a matrix of rays defined in the x, y-plane.
(The rays are defined in the x, z-plane for higher aspect angles.) The coherent
and incoherent cross sections are determined from the equations of Subsections
2.3 and 2. 4 with the substitutions

20——0 yO
and
sin § ds —(t - Z2)ds (32)

where 1 is a unit vector tangent to the ray and s is the path length.

13



The integration ray bends as it steps through the plume according to

T ='t‘(p)+&—‘§l s (33)
p
where
& (PN . ﬁ) A A 1[N oN
-l N U=r -ﬁ<&7Ur+52—Uz)Ur
~ 1 /0N ON
+2 ﬁ(&: Ur+gz- Uz) Uz (34)
and
> ,t\x-.N ~_ 1 ON ON AN -
U= = t = —— - oN
<IVNI>x oN [ﬁ <r6r taz>tr] r

N oN oN ~ ON ON 2
+ [3?-<rdr tzaz)t ] z-<tr5;+tza—z)t¢ ¢

(35)
where T is a unit vector along the cyliudrical radius from the plume axis,
¢ is perpendicular to T such that ¢ XT=% and VN is the real part of the
gradient of the index of refraction.
The gradient of the incex of refraction is determined from:
- v\21 (@ 2 vhv
N e "[“ () ]'(a) M M
VN = N 5 + Fx (36)
2 2 /v
\/" RN )
and
Lo 1 N 2vpy -
ox - v [ = -, (@)
2xN_ (1+= o [1+ L
c w w?
witih
N
=8
Nc
=1 8
I ZF 38
w

14




The initial value of t is determined from

dR = tr?+ t¢$+ ?z’z\ ds = (-sin @ ?+ cos 8 ’z\) ds (39)

to be
/N

/t\o = -8in @ cosa T + s8in § sina P+ cos § 2 , (40)

where
Yo
cos O = 3 3 . (41)
Xo* Yo

(xo. yo) = Ray intersection with x, y-plane ,

and

6 = aspect angle.

The low aspect angle rays are terminated when the ray exits from the plume
or the value of the exponential damping term is in the range

8
10 Log,  [exp| -4 j ar, ds’| | € -20db . (42)

J
smin

There is no overdense surface ray termination of cross section return for the

low aspect angle case. The cross sections are not range gate resolved for
low aspect angle, but they are Doppler resolved.

15




3. MAIN PROGRAM

A flow chart of the main program is shown in Figure 4. The main program
performs the x and z integrations of the cross sections using the Trapezoidal
rule and calls subroutine RAY to perform the integration along the ray (in s).
For low aspect angles (6 < oo), the integration in 2z is transformed into an

integration over y (see Figure 1) by a suitable modification of the step sizzs
integration limits.

The radar properties are read in by the main program, and LAPPIN is
called to read and store the plume properties from the AeroChem LAPP code.(l)
| If the radar aspect angle is greater than 90° the plume is reflected about a
bisecting x, y-plane (Figure 1) and the aspect angle () is replaced by its
complement (180° - §).

The integration step sizes are set equal to a fraction of the larger of the
radar free space wavelength or the jet radius by an input data card (C in Figure 6).

‘ For low aspect angles, the s and z integration step sizes are interchanged.
) If the input parameter INCOH is set equal to 1, the step sizes are all set equal
i to the step size in z regardless of aspect angle.

l The limits of the » integration are taken to be
% PLRMAX
. 200 = -=—n e (43)
‘ and
| zum = PLRMEX | prong) | (44)

16
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where PLRMAX is the maximum plume radius and PLZ(NZ) is the length of
the plume. The values above are multiplied by tan 6 for low aspect angle
cases to give the corresponding limits for the y integration.

The plume data points at a given axial station are tested for the overdense
election density condition (Subsection 2,5) starting with the maximum radius
and stepping iInwards, The radius of the overdense surface at the axial station is
taken to be the linear interpolation between the first overdense point encountered
and the preceding point.

The number of Doppler bins required for storage of the Doppler resolved
incoherent cross section is determined by searching for the maximum gas
velocity (PLVMAX) projected along the radar line-of-sight and dividing the maxi-
mum velocity by the radar velocity resolution.

_ PLVMAX

NDB = 5GFVEL

+1 . (45)

The velocity resolution (Vp)) may be given directly by the radar properties read
in, or, if the velocity resolution is read as 0, it will be calculated from the
frequency resolution (4 fD)

Vp =% Ap - (46)

The x and z integrations are performed using the Trapezoidal Rule,

‘ (%1~ %)
ff(x)dx - [f (xl)-f(xo)] . (47

0

The cross sections are printed when z is equal to a multiple of the range cell
plume intersection length (FL). The incoherent cross sections is presented in

18
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Doppler bins with a maximum projected gas velocity and corresponding frequency
shift printed for each bin. The total cross sections for the current range cell
are printed in units of square meters (sm), and the value of 10 Log1 0 I o/1 mzl
(dbsm) ig also presented. The total cross sections and the Doppler resolved
incoherent cross section are summed over all range cells and printed at the

conclusion of the integration,

Subroutine Ray is called to perform the integration along the s-axis
(see Figure 1). The arguments include the ray intersection with the x, z-plane
(xo, zo). The intersection points form the grid over which the volume integra-
tions are carried out. The rays are formed by incrementing the intersection

points according to

) . X LIM
x0-<l\x-l)dx Ck o=z A (48)
and
- (v _ - ZLIM
zo—<kz 1) 4z + Zgo kz—l. 2-—A-z—' , (49)

as the integration proceeds.

For low aspect angle cases the integration over z is carried out with limits
and step sizes appropriate to an integration over y. and the point (xo. zo) is the

intersection of the ray with the x, y-plane.

19
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4. SUBROUTINES

4.1 Subroutines LAPPIN and CYLDER

Subroutine LAPPIN reads in the plume properties from the AeroChem
LAPP code.(l) The LAPP output format with LAPP FORTRAN variables are
shown on the next page. To be used as input to the present program, the
deck must be preceded by a title card in 80 column alphanumeric format, and
followed by an end card which has -1. E30 punched in columns 75-80.

The plume properties are given in the x, z-plane (see Figure 1) at the
points

(xi,zi) = (PLR(I), PLZ(J)) . (50)

The plume properties stored are:

PPLE(l.J) = electron density at (xi.z.l) (cm-a)

PPLF(l.J) = electron — neutral collision frequency (sec-l)
PPLV(l.J) = axial gas velocity (m/sec)

PPLR(l.J) = plume radius

NZ = number of axial stations along z-axis

NR(]) = number of radial points at z,

All distances are in units of jet radii and the axial gas velocity is converted
from the LAPP units of ft/sec to Aerodyne LAPPIN m/sec.

Various consiatenc; checks are made on the input data. If any input errors
are encountered, the variable IER is set equal to 1, and a message is printed.

The values of electron density. collision frequency and gas velocity are
set equal to 1, il their AeroChem LAPP value is less than 1.

20




CYLDER can be call z2d in place of LAPPIN by changing the parameter ITEST on
a data card in the main program. The test plume defined by CYLDER 1is a cylinder of
| . constant electron density., CYLDER supplies a plume data point every tenth of a jet
radius in the radial direction and integer multiple of a jet radius in the axial rection.
: The plume properties are set by data cards in CYLDER to:

Length = 2 Jet radii
Radius = 1 Jet radius
Ne = 108,’cm3 (electron density)
' v - 10 Hz (collision frequency)
\4 = 1. (axial gas velocity)

TABLE 1. LAPP CARD OUTPUT

Card Type 1 (1. E10. 3, 60X, E10.3)

XCRJ z4 - axial station scaled by T
BIG 1. E30 - card type 1 identifier
‘I Card Type 2 (1P8E10. 3)
! YOUT Ik = radial location scaled by r
ECC Ney, electron density (cm=3)
f XNEU Vik = electron-neutral cellision frequency (sec™l)
] T Tik - exhaust temperature (°K)
l PPCO Pco = partial pressure of CO (atm)

PPCO, PCOZ - partial pressure of COy (atm)
' PPHI20 Py 20 partial pressure of HoO (atm)
, U ujy - exhaust axial velocity (ft/sec)

Molecular species partial pressures are part of the normal LAPP output but are
not used in the RCS calculation,

Note: Each type 1 card is followed by a variable number of type 2 cards but not more
than 25.
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4,2 Subroutine RAY

Ray performs all of the caleulations necessary for a single integration ray.
The ray is parallel to the radar line-of-sight (s-axis in Figure 1) and passes
through the x, z-plane at (xo, 0, zo) or the x, y-plane at (xo, Zge 0) for low aspect
anglc cases. The plume properties are passed to RAY through COMMON/PLUME/
and the output is passed through COMMON/RAY/. The subroutines called are
INTER. SUND, and INDEX. A flow chart of RAY is shown in Figure 5.

The minimum and maximum ray-plume intersection points are determined
by dividing the plume into eylindrical slabs as shown in Figure 2. A test is
made at each axial station for a ray-cylinder edge intersection. The y coordi-
nate of an intersection point is (from Figure 2)

y = -Ssin 6 . (51)

The ray is parallel to the y, z-planc so that the radial position veetor R from
the z-axis to the intersection point is given by :

R=x0+37. (52)

Therefore. the S coordinatc of the intersection puint is

2 2
) R —xo

S == —S'W- . (93)
where the sign is negative for SMIN and positive for SMAX.

SMIN or SMAX may occur at a cylindrieal slab face (see Figure 2) rather
than a slab edge, thcreforc, cach axitil station is tasted for ray intersection
with the slab fuce. The S eoordinate of the face intersection at z, is

i
2z -7
%‘é’—) ' (54)
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Each intersection S value is compared with previous maximum and minimum
values to determine the new SMIN and SMAX.

The ray coordinates for high aspect angle (6 > 90) are given by:

S = SMIN + (I - 1) STEP ' (55)
X = X0 (56)
Y = -SSIN (9) (57)
R = x2 + y2 . (58)

For low aspect angles z and R are givenr by:

2 ZOLlD + TZ STEP (59)
and

R

ROLD + TR STEP , (60)

where TZ and TR are components of the unit tangent to the ray, and STEP is
the integration step size.

INTER is called to determine the plume properties at the point (z, R) by
interpolation in the AeroChem LAPP plume data. INDEX is called to calculate
the index of refraction using the interpolated plume properties. SUND calcu-
lates the integrands.

The tangent vector (’f) calculated during the current integration step is the
tangent of the ray at the next point. Therefore. the currently calculated value
determines the position of the integration point following the next point.

Portions of the plume are excluded from the volume integrations for the
cross sections by terminating the ray according to the conditions shown in
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Figure 5. For low aspeet angles (8 < 60, Subseection 2, 8) the ray is terminated
when the attenuation term

S

exp | -2 f aridS' (61)
SMIN

is less than -20 db or when the value of IOUT is equal to 1. Subroutine
INTER returns a value of 1 for IOUT when an attempt is made to extrapolate
the plume data to a point outside the plume,

High aspeet angle rays are terminated by IOUT = 1 or when the ray

encounters the overdense surface defined in Subsection 2.5,

The Simpson's rule integration scheme for the ray integration of the

cross scctions,

2

f [ dx = 5 Ax (f2 bap fo) : (62)
0

requires that the ray terminate on an odd number of integration steps.
Furthermore, the attenuation and phase portions of the integrands require the
cvaluation of integrals at Simpson's rule midpoints (even numbers of integration

steps).  This is accomplished by using the "3/8 rule, "

3

f f(x) dx - %Ax (IO + 36, + 31, + £3) , (63)
0

to evaluate the integrals in the attenuation and phase (P in Subsection 2.4) for even

number integration steps and Simpson's '"1/3 rule'! for odd number steps. This
ensures that the combined integration has a truncation error of Axs.
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The incoherent cross section contribution for each integration step is
stored in a ""Doppler bin'' dependent on the local axial ga2s velocity. The
Doppler resolved contributions from the incoherent cross section are deter-
mined by a Trapezoidal integration over each integration step.

The coherent and overdense cross sections for the current ray are set
equal to zero if NFACE equals 1. The first section of RAY that determines
SMIN and SMAX will set NFACE equal to 1 if the ray intersects the plume-
rocket interface at z = 0.

4.3 Subroutines INTER and PROF

Subroutines INTER and PROF perform interpolation of the plume data to
obtain the values of Ng. v, and v at the point R, Z. A linear interpolation in
Z is performed by INTER and a quadratic interpolation in R is performed by
PROF.

INTER finds a pair of axial stations such that

Z,SZ < By

PROF is called for each axial station to perform a radial interpolation obtaining
the plume parameter values at (R, zi) and (R. Z“ 1) INTER performs a linear
interpolation in Z between the axial station values to give the plume values at
(R,Z). Points outside the plume generate expcnentially decaying plume values.
The attenuation factor is the inverse of the free space wavelength,

4.4 Subroutines INDEX and SUND

INDEX determines the complex index of refraction (N = XIND - i YIND)
from,

ReJ;z =\/% (\lxxz+ yy2 + xx) (64)
lm\/;l;=-\é(qxxz+ yyz-xx) 3 (65)

and
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wherc N

-
Nc
T 5 (66)
1
1+ —->
w
and
N
e
v NC
WemE o (67)
v

I INDEX = 0 the index of refraction is set to the free space value N = 1.

SUND calculates the intcgrands from the mterpolated values of N ,¥ and
the index of refraction. The paramcters v =1/2(1+r ) and cosﬂ are set
to 1 and -1 respectively. The output from SUND is:

DSIG = 370) (Subsection 2., 3) (68)
ATT = a (attenuation coefficicnt, Subsection 2.3) (69)
2 -1/2

v
DTAU = dT = 1 N, [1 + (B) ] (70)
Q = 2Nw/c (Phase Intcgrand, Subsection 2.4) (71)
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5. INPUT/OUTPUT FORMATS

5.1 Input Format

The card deck for a run using a FORTRAN source deck on a CDC 6600 with a
i SCOPE operating system is shown in Figure 6. Card B gives the radar properties,
Card C gives the integration step sizes and Card D sets the option switches. The
AeroChem LAPP data defining the plume is described in Section F. The required plume
data card format is shown in Subsection 4.1. Card G signals the end of the plume data
cards. Cards A-D may be repeated in Section H for additional runs using the same
plume data,

CARD A: RADAR Properties Title Card (20A4)

CARD B: RADAR Properties (Free Format)

Noppler Frequency (Hz) Radar doppler frequency
Resolution (set to 0, if velocity resolutoa is
given)

Low Aspect Angle (deg) Angles less than or equal to this angle are low
| aspect angles treated as described in
I Subsection 2. 8

8 (deg) Aspect angle (0° for nose on viewing)
f (Hz) Radar frequency

" r i (m) Jet radius at matched pressure

‘ Range (m) Missile range

i RESOLUTION (m) Radar range cell resolution

‘ Divergence (deg) Radar beam divergence

’ Doppier Velocity (m/sec) Radar doppler velocity resolution

|

Gamma Mean fluctuation factor




e e et i

CARD C: Integration Step Sizes (Free Format)

FRACTS

FRACTX

FRACTZ

Fraction of free space radar wavelength chosen for
integration step size along the ray

Fraction of free space wavelength chosen for
integration step size along x-axis

Wavelength fraction used fer integration step sfze
along z-axis for high aspect angle cases and y-axis
for low aspecet angle cases

CARD D: OPTION Switches (Free Format)

ITEST

IPRINT

IATT

INDEX

IOVD

0

1

A

ant

Plume data from card deck in Section 6, Figure 6

Constant eleetron density, cylindrical plume data
from subroutine CYLDER

No printout of integrands every Nth step in
ray integration

Printout of integrands every Nth step in ray
integration

Integrand attenuation factor attenuates cross sections

f-cxp -2 fs :u';ds'

5
min

No attenuation, attenuation factor sect equal to 1

Index of refrvaction calculated from local electron
density and collision frequency

Index of refraction set equal to 1

Ray integration terminated when overdense surface
encountered for high (8 > 15 ) aspect angle

No overdense surface ray termination
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IRUFF - 1 Surface roughness factor and applied to overdense
ercss section return (Subsection 2. 5)

0 Surface roughness factor set equal to 1.

CARD E: PLUME DATA TITLE CARD (20A4)

SECTION I': Refer to Subscetion 1.1 ~ Table 1. For a constant cylinder test case
with ITEST - 1 on Card D, Section F is omitted.

CARDG: ENDOJF PLUMIE DATA 0. in columns 1 and 2, -1. E3 in
colmmns 71-80

SECTION 1I: Repeat Cards A-1 for additional runs using same plume data
in Secton .

5. 2 Qutput Format

Appendix B shows the PARCS ouvtput for Syste: A using the input data of
Figure 6, Subscction 5.1, The fivst page of the output shows the plume data used in
the output sublhieading ""SYSTEM A 27K taken from plume title card E (Figure 6).
The data from input datit cards A throveh D s printed below the plume title card
TSYSTEAM A STKEPT in the same units as those shown in Subsection 5.1, The last
line of the first output pige shows the lower and upper limits of the y integration
200 and Z1LIAT fn units of jet vadii (RIFT)Y The low aspect angle definition 0y and
the radar aspect angle o are both caqual to 15 deg so that this is a lew aspect angle
viase (Subsection 20 %), Therefore, the integration in 2 (along the plume axis,
Figure 1) is transformed into an integration along the yv-axis. The number of integra-
tion steps  taben along the venxis is given by NZM and DZO is the y integradon step
size inunits of jet radii (RIET). M this had beea o high aspeet angle case (0 > 00).
200, ZLIM, NZM, aad DZ0 would 2!l have referved to the z-axis and there would
have been no itegration along the y-axds,  DXO is the step size along the x-axis
and STEP is the integration step size along the ray (Fgure 1), Both DXO and STEP

are in units of jet radii.
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The second and third pages of the sample output show the cross sections for
that portion of the plume in the first range gate (Subsection 2. 6). The range cell
numbeyr and length are shown on the first line of output page B-2 as 1 and 1010 jet
radii. The plume is contained entirely within the first range cell, but if additional
range cells were required to cover the entire plume their printouts would follow one
another in order after the first range cell. The incoherent cross section of each
range cell is ""Doppler resolved'* (Subsection 2,7). The first '*Doppler
bin'' (page B-2) gives the total incoherent cross section for those portions of the
plume where the plume axial gas velocity projected along the radar line-of-sight
(ray, Figure 1) is less than or equal to the '"DOPPLER VELOCITY" of 300 m/sec.
The second Doppler bin contains contributions from regions of the plume where the
projected gas velocity is in the range of 300 to 800 m/scc. The "FREQUENCY SHIFT'"

is the corresponding Doppler frequency shift of the radar wave in hertz.

The cross sections are shown in two systems of units; "'sm'' or square meters

and "dbsm'' where

|
o (dbsm) 10 Log10 a__is_n_;)_ : (72)
1m

The total cross scections for the first range cell are shown on page B-3. The total
incoherent cross section (SINC) is the sum of the contribution from cach Doppler
bin, SCOH is the coherent cross section, SOD is the contribution from the overdense
surface, and RCS is the total radar cross sccton given by the sum {in units of mg)
of the incoherent, coherent, and overndense cross sections. Output pages similar to

pages B-2 and 13-3 will appear for cach range cell.

Pages B-1 and B3-5 show the total cross sectons for all range cells. The
Doppler bin incohe™nt cross sections arce equal to the sum (in mz) of the croas sec-
tons from the corresponding Doppler bins in cach range cell. The total cross sec-
tions for all range cells and Doppler bins are shown on page B-5.
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The "Day Filet' on the last page shows 2 CP (central processor) time of

VIS0 45 see' for the CDC 6600, This run would take
3.4 x 1850 = 6,290 sec
on a CDC 6100 computer,

5.3 Program Use

In order to ascertain the accuracy of the PARCS calculations, a number of test
cases (for which analytical solutions are available) are employed. These test cases
also permit oorapid assessment of the offeets of varying sten sizes employed in
integrations along the ravs, As and chinging the total number of rays, i. e., changing
Ax and Az, The general conclusion of these tests cases is that the incoherent, under-
dense RON s Tenst sensitive to stepr size changes. The incoherent RCS requires five
steps poer wavelength to give @ 2 06 aorveement with the analytical solution, At least
10 steps per wavelength are needed for a 2 db agreement with the closed solution for

the coherent overdense and unde ~slonse returmes,

Figure 7 chovs the coleulatea L=baond undendense, incoherent RCS ¢ . a function
of aspect wnule for oounifore eviineer G sm long, 0, -1m radius (Rc) having an electron
. e , e N .
lemssety ot 1Y mooannd colhision freaueney o 1007 /see. There is exact agreement

/

at w0 with the couation for the coliizion corrvected fivst order Born approximation
]
o the incoherent cross secton'

o — - NI OV (13)

where Vois the volwne and the other terms are given in Section 2 At lower
aspect aneles chere is o decrense in the ROS due to increasing path lengths and

resultant wtienvaiion in the plasma,

40 Ldurem, U Radar Reflestivity of Turbulent Rocket Exhaust Plumes — Derivation
of bgquaetions, ' AcroChen Rescarch Taboratories, TP-167 Supplement,
Nuvember 19649, n 0
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The underdense, coherent return for the same cylinder is shown in Figure 8.

The closed form solution is obtained from(s)

2.2 .2 4 .2 2 T2
.. 327°r L°R N, [Sm (kL cos 0)] sin (Zch sin 9)- 1
(g LT (2 s 8)°
w
(74)

At 90 there is again good agreement with the exact solution‘for all steps sizes.
However, at aspect angles less than about 70°, it becomes necessary to take at least
ten steps per wavelength to attain less than 5 db error.

The PARCS calculated return from an overdense smooth cylinler of finite

conductivity is shown in Figure 9. The closed form solution (solid line) is calculated
(6)

from

[\-]

2 —
o - 3-2-,‘:— f(ﬁ-ﬁ) Ak T 4o (75)
S

with

> VN2

P — . (76)
YnZ+ N2

where Dz is the reflectivity (Subsectlon 2. 5) and the surface integral is evaluated on
the surface of the cylinder. It is necessary to employ greater than 10 s'eps per

wavelength for the overdense cross section in order to get good agreement with the
closed solution,

5. J. Jurem, '""Radar Reflectivity of Turbulent Rocket Exhaust Plumes - Derivation
of Equations,' Ac¢roChem Research Laboratories, TP-167 Supplement,
November 1969, p. 50,

6. Methods of Radar Cross Section Analysis, ed. J.W,. Crispin and K. M. Siegel;
p. 1056, Acaderic Press, 1968,
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The total coherent and incoherent cross sections for SYSTEM D at 23.9 km was
calculated for various step sizes using the PARCS code and the input data of Appen-

dix C. The results are shown below,

Step Size Total Incoherent Total Coherent
FRACTX,FRACTS, Cross Section Cross Section  CPU Time (sec)
FRACTZ (dbsm) (dbsm) CDC 6600
0.1 0.1 0,5 -45,5 ~59.7 100
0.2 0.2 0.2 -45.9 -69.9 84
0.1 0.1 0,2 -45.9 -67,17 490
0.05 0.05 0,05 -45.9 -67.7 3,212

All step sizes must be taken as one tenth of a radar wavelength to get convergence
for the coherent cross section, but the incoherent cross section is close to convergence
with FRACTZ = FRACTX = FRACTS =0, 2,

The CPU time is approximately a linear function of the step size in each direction.
For example, decreasing the step size in the z direction by a factor of five in going from
the first to the third case in the table above increased the run time by a factor of 4.9,
The CPU time on a CDC 6400 computer would be a factor of 3.4 times longer than for
the CDC 6600 (see Appendix C, System D),
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C AFRODYME R(CS pPOGPAH Cvy=el1
£

PRT"GRAM PAPCS{OUTPUT,TAPZ6=QUTRPUT,TARPEL,TAPES)
COMMONZPLUME/NZ ,PLZ{L02 S NPLL U ), PLRILG2,25),PLS €260 ,425)
*ePLFUL1I04+25) s TATT L IDEX,IOVOWPLV (L0, 425) ¢NNR(L3C)y IRUFF,

— - PR IRy 2 S PR H R 2 PR LY 459, 25 i PRERP 1 8 1 25) -
COMMON/RAY/STILOA,TTILOA(2) yFMUOD(2)4DOPSTR(52),PLROVN(LCN),,GAMMA
COMMOM/ANGLE/THET A, THETAD s THETAD, THETCD,0OSTHe SINTHY ,TTHETA
DIMENSION TITLE(2C) (FITLEL(2D)
OIMENSION TCOHLZY ) SMUONEZ s XCOHE2Y e XOD (22, ' ) -

1 2LNCHX(2),00000X (2)4,0LDCHZ (2),0LNN0Z(2),
—— — 2 D[R INHAS B ORNA Sy oL BRSO B BRI BASR P S Ry y—————————— —
T TP0P(50) 4DRTICP(SC)

PEAL LAMBDA . g
NATA N G/ 0176532925/ 4P1/730141592€54/74C/2.39828/

r

% IPPINT = N FOP INTEGRANDS PRINTZND EVIRY NTH STZIP IN S
A= R ARG A A N oo ——— —————
a 7 FCR NO ATTEZNUATICN
1 FCR CALGULATED INREX OF FCFRACTION -
" 7 FOR INDEX = 1
1 FOR OVERDENSE SURSAGE RAY TERHINATIGN
7 N” DVERDENSE TUPFACE =AY TIRMINATINN
—L JRUFE =+ CMaROENSE SUCRAC, ROUGHN=SS - oo GHEATION—
r T NO SURFACE ROUGHNESS CALCULATION
6 TIEST = 1 GYLINBRIGAL PLUMF OF GONSTANT DENSITY Fk(O4-GYLOER SRAm e
. f HLUME NDATA FPOM LAPPTIN
6 FRAGTSFROAGTX FFAGCTZ = FRACTION OF FRI< SFACE WAVILINGTH-CHOSEN
r FJR INTZARATION STZP SIZ-
L THETAAG = L ARGE ST -ASRECT ANGLEUSING LOW ASPECT-ANGLT SErtH# A UE6FESY
&
f FUNCTINN STATEMENTS

~

FORUXXGYY $2740M) -2 XX = 772%{ie & YYRYV/UGHIOMII/{ L. + SBYYFOM)-
WQ'TN(Y)'.J.'ALOGIJ(AFAXI(XgI.:-ln))

NTTMZT = ¢
100 CONTTHNUYFE

READ AND PLINT RPADAR DATA

R I

READ l

V',

l!!t
v

L4
IF (FCEU3Y.NELT,) STOP
AN, ') THETADyRFAEQyRJUET yRANGE 9 RESOLULOIVERGy = -
1 NCOVEL,DOPFER,THFT2D ,CAMMA
READ(5,®*) FRACTISFRAGTIX,FRAGT? — -
READ(S,®) ITEST,IPRINT,IATT, IO X,1IV0, IRUFF

m m

A-1




—L
r PEAN IN PLUMT DATA
L o-=guSS— b S -
i 2 TE (NTIMES.NE.0) GO TO 30
S— IFLITRST) 16428448 — - - —_—
17 CALL CYLNER(IZER,TITLE)
60—¥0—34
2" CALL LAPPIN(IER,TITLE1)
c 38 IFLIER.NELT) STOR— e e —
NIIMES = 4
WO ITE (/,205)
— - 205 FODMATI(®L{AFRODYNE RGS PROGRAME/) L S
WRTTZ(+,20M) TITLEL,TITLE
207 FOSMAT(20ALY. = S
NOTTE (5,220) THETAD,RFRE .S JET ,RANGE RESOLU,0T VERG,
— o iDO0PYCL 4 O0LERQ 4 THE TCO, GAMMA
220 FORPMAT(*0%,T5,*THETAD®,T15,*RFPEQ*,T25,%RJZT*,T35,*RANGZ*, Tus,
1®RISOLUTION®, T57, *DTVERGENGEF/GX,1R6510, 34205 , T5, XRORAVEL Yy Tibe -
Z*00PFPN® T25, ¥ THETC0* , T35,*GAMMA*/5X,1P4G13, 3)
. MRITEL:E4222) FRACTS,FRACTX,FRACTZ -
222 FOSMAT(*(*,TS,*FRACTS*, T15.'FPACTX'.TZS.‘FQACTZ‘/SX'153a10.H)

= i c

24 FOFMAT(*0*,5X,*ITEST*,T15,* IPFINT*, Y’S.'IATY‘ Y3."ID X‘,T~,.
1 *TOVO*, TOC,*IRUFF*/6ILL) -

~

fPLUMZ REFLICTED ABOUT RISFECTING XY PLANE FOR THETA 6V 9 DBESREES
r

U USRS S

N0 AL T=1.M7
' NM4AP = 1
’ IF(THETADLGTL9L,) NMAP =
' NRT = NNR(I)
' DO 50 J=1,NRI

B SR W Py —

PL(NMAP,J) = PPLE(T,4)
o PIFINMAP L)) = PPLFEFLT. ) .
| PLVINMEP, J) = PPLV(I,J)
| PL2ANMAP,U) = POLRI(I,J) : S : -
l NR(NMAP) = NNR(I)

€7 CONTINUE
AT CONTTNYF
IC(THETADLGT.Q0, ) THETAD = 140, -THZTAD

MAXIMUM PLUME RADIUS PLRHAX

YO

N0 65 T=1,NZ
PLOMAY = AMAXY (P SMAY . PLE LY .NE(I\\]
q AT COMTTNUF

H pLPMAX = €,

A-2
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ASEA = PROJERTED AREA
OMEG = RADAR FREQUENCY. IN RADIANS/SEC .. .
THETA = ASPECT ANGLE IN RADTANS

A O D

__r DXO & STEP ARE INTEGRATION STEP SIZSS [N X ANO-S IN-UNITS OF RJET

f N77 IS THE STEP SIZE IN THE AXIAL DIRECTION

~. FPECS = FRACTS
FRAC7 = FRACTZ
FOICX = FPACTYX

. _IF(THETAQ,GI,THEILO) GO IO 73

FPACS = FRACT?
FRAG7 = FRACTX . ] .

7T 0MTG = RTRINRZ,*P]
LAMBDA = 2,%PT¥C/OMES/RJET

STFo = LAMPDA®FPACS
DXL = LAMBDARERACY

NZT = LAMEBNA¥FRACZ
IF (LAM3DA=1,) 95,80,86 - - B — .

- B SFEA e FARESARYEF——
0¥ = FRACX*PJET

NZ~ = FRAETHRJIET - e e

Q" TH-ZTA = THETAD®*DEG

THETAE = THETIR*BES- - — - — — - -

IF(THETAD.LE.B89,) GO TO 2°¢

e TRHE A4 R ——
G1 TO z2A
225 TTHETA = TANCTHETM)
272 COITHE = CNS(THETA)
STNFHE = SORTA4,-€OSTHERCASTHE) -
ARTACD = Z2.,*DX0*DZ2%RJTTH**

ALY - ADLACRASINTHE
- o —— - -~ Mok ) ¢ a8 - A& TS T TV

TE(THFTALLELTHFEYAQ)Y ARP-A = ARFAQD

FFOD = T, 46F-1NP80MGPOMEGO S INTHE*SINTHE
PAMGE = RANGE/ZRJET

PESOLY = RSSOLU/RJUEY

NTVERG = TIVE?NR*DEG

7LIM = UPPERP LIMIT OF 7 INTFGRATION CHOSIN TO INCLU)D:

e 2 T T ¢ ]

“NO STCTION

N7M = NUMASP (F POINTS IN AXIAL DIRECFION —— -~ —— —————

IF(THFTAD ,GE.89,) GO Tn 247
IFETRETAD AL E4L )60 70 2238 —— ~— 3 B

NTLZ2 = PLRPMAX/TTHETA

795 = —1.‘0:'_-2 =) - - —_— . e e

60 T Zu9




o e ———

230 724 LMo P RMAN-— e — S e e . —
700 = =1, *PLRMAX
60 TO 245- - — ———- : - : SN
Puf ZLIM = ZLIM ¢ DELZ
e TEATHETAGTFHETAS) GO FO- 245> - ——
ZLIM = ZLIM®*TTHETA

2045 = 7nﬂlYYuEfA

T

2L5 N7M = INT(1,6001*(7LIF-ZG0)/020) ¢ 1
- WRIFEASy2E08) 2Oy ZLEMGNZMBNIYBZ ST — e e
250 FORMAT(®0®,T5,%20C%,T15,%2L 4%, T25,%NZM*, T35,
L SONER TUSyIDT RNy FSSyASTEPS/E Xy 4P264ET I IS pudX a6t IAA—
IF(IPPINTGT,J) HPITE(£,25%)
RS E A A Ay T A AR AN AR S T A R R
1 TT5,%STILNA®,T50,*TTILDA(L)*,T65,*TTILDA(2)*,T3C,
2 SEMUORELIS s T95, R FMUBD )4y THES TR BOPSTRINGIIS 77— ———— — -

-THIS- 4 N0P NETERMINSS—FHE-RABIUS OF —F4F S¥ERITNSE-SURFACEAPLROVDIr T —
AT €ACH AXTAL STATIONUZ = PLZI(T))

I = A¥TIAL STATION J = PADTAL STATTON

nn 3c" I=1.NZ
—— NBT-e NRH - — e s e = ————
0N 267 JJ=1,4NRI

3 NLL drdb.
i~ 4 DA AREE § A A &

-3
£ FEET-F40 PABTAL STAFION INCPEMENTED- BT YOND O¥S20TNST SURFACS ——

[

IF(J.F2.1) O TO 2890
IF{FOREALEL Ty I vPLF ET v o FFODHyOME6I - 290 g2 2842 7Y
277 COMNTINUE

& - . _ SR SN W _

r LYMFA® INT-RPOLATICN BEYHEtN CURRENT AND PREV]IIUS RADIAL STAYION
-5 BEIERMNINES BEENRLTD

~
FORTST 3 FODUPLECT +J) 4PLFLT yJ) o« FFODYOMEG) -
1 FONUOLF(I,U=-1)4PLF(I4J=1),FFON,0M"G)
IFLFRDTIST AT, 2,008) GO JO 282 - ; : -
PLROVO(T)Y = FOD(PLE(I 1) ,PLF(I, 1), FFOD 0%53)'
- LRLEBL - dal) nnnl! B W)
? (‘CC(nL‘(IoJloPLF(IoJ)oFFOD.O“EG) -
T FADIBLA T 9d=1) s PLF (1 +U=1}FFOD,0M56H) -
GO0 YO *03
ZA5 PLAOVOLIF = @LR(],J) =
60 70 0
—-28L CONTINUG ——

13T CONVINUE

A4




r

T DOPPLES VELOCITY RESOLUTICN X MO. DOPPLER BINS
. r . ; ; - 4

NDR = ¢
|
—  JF(LTHFTAR . GE. 89 GO0 TO0- 344
IF(DOCVFL.ZQ.04) DOPVEL = DOPFPQR*PTI*C/ OMEG
_ PLYMAX = .- . e = = S RS -
N0 313 I=1,NZ
NRTI = NR{I}) =0 SR U
N0 312 JU=1,NPI
—_—— DL MAX = AMAXLAPLVMAX RN (T )
® COMTINUE
I CONTINUE - 290 6
PLUMAY = PLVMAX*(OSTHE
ND2 = TNT(1.00012PLVYMAX/DOPVEL)--4 ¢
IFINDR, LT .50) GO TO 314
_WMRITE(6H,315)

T1° FOPMATI*ITO0 MANY DOPFLER FINS FOR ARRAY STORAGS ALLOCAT=0*)
STOhP = — o o e - - - S R o

f CALLULATF THE. RANGE GELL LENGTH.FL - S
=
24 ANIDINH = DAMQE!QI\JED‘I;

TANGLF = ATAN(BWIDTH/R™SOLL)

TIF(TTH: TALLFLTANGLF) GO TO 325 -
| FL = QUIDTH/SINTHE

N 10 =371 - ) N

’ 724 FL = RTSILU/COSTHE
C 330 IEAIMEIA AL JHEFAGI e
I

i
| FOTHE 20 LOOPS RANGE OVER NIM 2-VALUESC(AXIAL STATIONS) AND

A NXM X-VALUS(PADIAL STATIONS). THE TRAPEZOIDAL PULc IS USED
‘ ~ FOE TMZ X AND 7 INTEGRATIONS, : :
R
9

SING =

recoM = 9,
‘ Tsap = g,
- ISING—e—Oy
1876 = 0.
Yrou(eyY =
TEON(2) =
SMUON (1) = o,
! SuIN(2) =
1 — = BO—232F ety NI

norINCiYY = g,
i Aol ~ ¢,




132 COMNTINUF
e - — 4 = — e — ———— e o ————— ———— - S S
KK = 8
KEOUNT—=—g-

TESTL = FL ¢ 200

foln X L X £ —a - - — — — S . eyt
DO WwII KZ=1,NZM
r sass - o
) KCNUNT = KCOUNT + 1
| A NGOy -
_ XCAH(1) = 3,
| XCOHEZY = 2, - e m e = - —
i 0T (1Y = G,
! Xongzy = o,

00 33L I=1,NDR

AoeX4TY =0,
124 COMTINUE

[l

20=2C00+{K7-11%02C

Is” TFUIKK,GT,N7) GO TO 3:C
IFE22.LT PL24KKY) 60 T8 35:- - - —= —
XL™™ = PLR{KK,NP{KK))
e NXY = INT(3,00048 XL INADND) +-1 = R e
‘ : KK = KK ¢ ¢

1E Lk LI NI 0. I0 285
T i v oty -0

! . - e

! F CALSULATE THE VALUES OF XLIM AND N¥Y
L

;

|

60 T 749

RRE TFAZE AT PLZEEH NN = INTAL 601000244 M/0%0) ++ —
TF(THETALLE,THETAD) NXM=INT (L1, 051°PLRMAX/IXC) + 1
folER X X ¥ ) e ——— e ) -

DN 380 KX=1,NXM

alllN X X ¥ |

XY = (KX=-1)*DXQO

[od — — e — —

f O3y CALCULATES THE INTEGRALS IN THF S OIRECTION ALONG THEZ RAY

r - S — s

CALL PAYUIX] 427 yOMEG RIZT4STEP,IPRINT,,D0PVIL,NDA,L AMBOA)

e S B e R

IF(KXL.(T.2) GO TO 273
| IAIRX = 8y N - 2 P,
; OLNCHY (1) = 0,
QUL RGE— Py ——— - S o e
oLooDX (1) = 0,
. ——- VW Y. T. UIE T
DO 362 I=1,NDR
OLINOPLId = By ——— e m m e—

.
} -
T . G g S P



! 362 CONTINUE

, T70 XING = XINC * 5% (STILDA + OLDICX)
| . XBUHU1) = XGOHEL) 4 JSELTTILDALL! + OLOGHXEEN - —— —

XCOH(2) = XCOM(2) + JE*(TTILDA(2) + OLDCHX(2))

oo XODUL) = XOD(1) 4 (SEL(FMUGDLL) 4 OLBODXGINM
X0"(2) = XND(2) + .S*(FMUOD(2) + OLDODX(2))
no 322 I1-1.N38

DOPX(IV = NOPX(I) + LS*(OOPSTR(I) + OLDNOP(I))

- OLNBOP(I) = DOPSTRUI) - : h D, =
i kirdel CO\JTINUC
¥ QLNICYE = =STILBA —= ’ = -
‘ OLNCHX(1) = TTTLDA(1)
QLNCHX{2) = TTILOAL2)
ALDODY (1) = FMUOD (1)
OLNOBX(2) = FMUDD(?)
-
280 CONTINUE
f
IFIKCOUNT . GCT.2) GO I0 390 -
ouLnIcy = 0,
OLOCHZ(1) = 3, L SR = -~ R
oLnCHZ(2) = 0,
0L2007(1) = 0. -
oLnon7(2) = ¢,
N0 382 I=31.NDQ
‘ OLNOP7(I} = C,

382 CONYINUF — i . -
397 SINGC = SINC & 5% (XINC ¢ OLDIC?Z)
TCOHLL) = TCOH(L) ¢ LS*(XCOH(1) ¢ OLOCHZ(1))
TOOH(2)Y = YCOH(2) 4+ S5*(XCOH(2) + OLDCHZ(2))
CMUONC1Y = SMUQDL1) ¢ .S¥(xO341) & 0LOODZE1)).

SMU0D () = SMUOD(2) ¢ E*(x00(?) ¢ OLDODZ(2))
00 392 I=14NDR :
NOPINC(I) = DOPINCH(I, + ,5°*(DOPX(I) ¢+ OLDOPZ(I)
OLDOPZ(I) = 0OPX(D) . v
192 CONTINUF
U NICZ = XINC

OLNCHZ (1) = XCOH(1)
OLOCH7 (23 = XCOHE2I- - - = =
oL"O07 (1Y = xIN(1)

oLnNanze2) - X0BRL2} T o




B U,

— e

o ——

IF (K2 GENZMY S0 10 400

IF(70.LT.TESTL) GO YO 43"
LOG NWRITVELE4L310) KKK FL- s = S — CRS S N— T
L10 FOPMAT(*1%,8RANGE CELL NUMBER 'oIZ.SX.'CcLL Lz NGTH' 1PG9.2,
1 2X4%J°T RADIIY /) = s
00 404 I=1,NDR
—  — DOPINCLI)- = DORINC(I)*ARGA L 2F T
DRSOOP(I) = DBFTN(DOPINCI(I))
TONP(I) = TOORLI} & DOFPING(I)
FIT = 7
VELDQP = FT*DOPVEL -
FRNNOP = VILDOP*OMEG/PI/C
—— MR I TE (6 bl 23— VE LD OR S RGBS OORINCH I B3S30RL -
LTZ FORMAT(*TNOPPLER BIN *,72,5X,*DOPPLER *,
1 PVELODCITY (M/SEG) = %,1P610.3, SX'*FREQU:NGV SHIFT*,

I Y E! It!' 5“ 'Ite‘tlh-val

I 1¥Y,%0ASM*,T10,1PELD, 3/)
W8k CONTINUYF

o~
SINC = SINCS&,*PI®AREA —
§2ST = DRFTNISINC)
y e S68Ue LT RO AR EASE PR LT EAH R FE O R R ——————
D8 SC=NBF TN{SCOH)
f 507 = ASIAQC*ARSAOD*(SHUODL 1) *SHUBD (L) + SHUOU(2) *SHUBDIZ ¥ 170!
N300 = NEFTN(SOD)
SIReSINE + SEOH + <00 -— -
DRSM=DRFTN(SIG)
C
© SUM C20SS SECTIONS FPOM FACH RANGE CSLL
r

TSFOH = TSCOW ¢ SCCH
109 = 750D + 509
TSINC = TSTNC ¢ SINC

ICIL b & ol & N WS B & o
v Il Y o v IOy Y Sl

~ POINT TQTAL CFOSS SECTION FOP SANGS CFtL -~ — — —

HRITC A y415) KKK
L1€ FOPMAT(®*)TOTAL CROSS St CV’ION"c For oANGE czLL *,12)

e HRIE 46l 2 S INGY 56 8Hy S OBy S Ty BB S BB S6vI350 By BI5H
420 FOOMATITIE,SINC®,T25,%SCON%,T?5,8507% ,T45,8RCS®/
BIX BSHE T 15 ,4PLEL 003/t XVEDBSHS (TLE 1 EPRELA Iy — ——

A-8




S

KA+ ¢ e e —— e -
TESTL = TFSTL + FL

) CINC a0
R DAL - 8

TCOM(L) = O,
ICareay = 8, - Hloam = e e
SMUID (1) = 0,

e SHUDDLDY B By e e

| N0 425 JJ=1,N97

! DRI NGr— iy

5 L25 CONTINUE

‘ KEOUNT = 8 m e e —_— - ~

R
|

437 RONTIMF - - - — - - -

WRITE (hy 422) - - —a- e -
LT FOPMAT(*1TOTAL OOPPLEP CR05S STGTIONS FO® ALL RANGE CFLLS® /)
DG 25 T=1,NDR - s
NaTOCR(1) = DAFTN(TDOF(T))
PSSP
| VFLOCF = FTsDOPVFL
- FRADOP e VTLDORRGMIG/PT/24993E+08-
WRTTE(5,472) 1,VELDOF,FRQNOP, TCOP(I) ,CRTNO(T)
L8 FOCMAT(ACRIPPLER BIN #1245 X*DOPPLER VSLOCITY tM7/SECY = =,
‘ 1 17710, 3,60, *FRFOUFNCY SHIFT (HZ) =%,610.3/
B e e e L s (L O e
LI COMTTHNE
| RATCOM = BAFTNEISCOM) —_ - e e - - -
——B3100 e JAENISEH—
NATIHNT = QRFIN(TS INC)
NATSIA « DAFTNATSIAY : -
WOTTE (7 4Ll
Luf FOSMATISITOTAL CROSS S-GFIONS FOX AtL RANGI-CItL54y
WO TTF (. g457) TSINC,TSCCH,T<00,TSI6,03TINC,0BTCOM, D2T00,00T7SIG
a R EOOMATLI S R INGE 25 AT SO ONA S AT CO08 TSy ATRG A
1LY BSHY  T10,1PGELC, 3/ 1Y, *DRSH®, TLL 124212, 5/)

o

ACLANER SO § HRY
END

A-9
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SURROUTINE RAY {(X0y20,OMEGyRJET4STZP,IPRINT,DOPVEL,NDB,LAM3DA)

—— I _~COMMON£2LU5E/N119L144Qe¥1N94%0841F€R#%O@v%»%vﬂé*#%k&vZSJ =
*yPLF(100,4,25), IATTIDEXsTOVD,PLV10],25) 4NNRC130), IRUFF,

— 2 POLELIDI 2SI S PRLELILO 420 I RPRLVLIL S+ )y RRR Sy —
COMMON/RAY/STILDA,TTILOAL2) yFMUGD(C) ,DOPSTR(S52) 4FLROVD(L1JC),,GARMA
GOMMONZANGLE/ THETA THETAD ¢ T Mz T AD FHETEBvCOSTHE y SINTHE G FTIHETA - - —
DIMENSTON AT(3),ATTN(3),PH(3),PHSE(3),RSI1.0)

come s REAL-NEWSTLoNEHTT Lo NERTT2 NERATT JNBWPH JNOOTK ¢ NDOT Vo NORMIX 3 NSTL
1 LaMena

n - -

DATA CUTOFF/-20./

afs y . = - d - - —
c NETEPMINE “MIN AND SMAX INTZGRATION LIMITS
T OPLUME NIVIDED INTQO N7M1 DISCS.
C LCCO TN T TNCFEEMENTS QOTSCS.
C RAY TESTED FOR INTZRSECTIICN WIIH DISC -
~ .
770 = 726 = y e - e - S—
TF(THFTAL.GT.THFTAD) GC TO 152
2l = s
IF(THETAD ,GEeLe) 2270 = ZC/TTHETA
- 182 NFACF - 1
. SMTM=1,E6
- SMAX=~-l,E6
NZMY = N7 - ¢
00 115 I=1,NZM1
i
COISC RA01US <= NMAXTMUM PLUM: RADIUS AT AXIAL STATION I OR..JI&l

9

RzAMAXI(PLRITSRNRITIIHFLRITOL,NR(]e1D))

T —— ) - T WGP i Jp——

= = —

RStT) =<
r .
O OTECTt SAY MISSES NISC IF X7 GRCATER THAN R
—_—_t
I (X7.G7.2) GO TO {7
IF ( AASUSINTHEI LTeel3) 6810 14 - 3 =
£ S = DISTANCE FROM RAY INTERSECTION HITH X,7=RLANE AT (X04223)
7 TC INTS2SETTIONS WITH  INFINITTLY LONG CYLINDAR WITH RADIUS ZQuAL TO
£ 0ISC 2A0IUS-R
a

S=CORT(RTIZXDPE2I/SINTHE : : -~ -
00 1CC J=1,2
IF (J.2Q.2) S==§

A-10




T

. et

7

~

£ J=l0OP DETERMINES 7 VALUES OF ROTH INTERSECTIONS-OF RAY—WETH —

f INFINITELY LONG CYLINDAR,

A TEST IS MAN:Z

TO DITERMINE WHZTHZR OR

C-NOT THZ INTERSEGTION Z-VALUE-IS WITHIN THE DISC 7 VALU: LIMITS

r
2=T770¢3FCOSTHE

IF ((PLZ(TI+1)=-2) % (7~ PL7(I)).LT.C.)

— SMAX=AMAX(SMAX,S)
XS

GO 70 116

SMIN=AMINI(SMIN,S)
102 GONTTNUYE

40 GONTINE——
THZ RAY MAY

AXTAL STATTON,

R 2% B e B ]

INTERSECT A DISC Xy, ¥ PLANE FACE AT SHMIN OR SuAX,

THE T LOOP DTTFPMINES PAY INTEFS-CTIONS WITH THE X,Y PLAN: AT
THE INTERSFOTION POINT (AT RADIIUS RY IS TESTED 79
WHETHEZ 09 NOT IT LIFS WITHIN THSZ

ZACK

NISC (OF RADIUS RS(IM)

e
IF(ARS(POSTHE).LT..G
RRANZI=RS(NZMY)

N0 147 T=1,N2Z
S=48L7(1VY=-278 7COSTHF

60 70 i35¢C

02500 T(X0®XN+S*S*SINTH*SINTHE)
B L o i O T T

IF(T.L 1) NFACE = 1
SMAX=AMAX L {SMAYX,S)
SMINzAMTMI(SMIN,S)
168 CONTINIE
167 CONTINUF

L —

S

INYEGRATICN LCOP

ITove = ICVv0
IFCTHETA LF ,THFTAD)

IT0vD = 3

FON= FNC®OMEG®OMEG*SINTHESCINTHS
C RELSEC s O ROMECARYET AR MM 2RI A GO A A
m——— 3 — - v & B AR DAL LR A "]

Iour = ¢

AT AM = DI/LAMBDA

Y = A,

Y2 @ 3,

QO0LD = SOPT(XI*X0+20%27)

 GOSALR = 4y -
1€ (ROLD.GEL.271) COSAL® =
TES = -1, GSSINTHESCOSALP
TeNTIS =
I7 = GOSTHE -
PHASZS = PWAS:EC

HeTo UK & 8 4 !L&vmg

Zn/P0OLD

SINTHZ 'SORT(I.-COSALP'COJALP)

N0LSTRLI) = 3,

A-11
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———— e e U

TR .-~ —

o —euny

———3 55 GONTINUYE
FMyOR1—=
FHMUOD(T) =

—_— TN e
TTTLDAC2) =0,

——— — ST BA=—{r e S —
DS = STFP*RUETY

= —KK =4 — -

= 0

s =g

0 ~

o
\°4 ]
Ce

e
&

F(SMIN,GT,SMAX) RITUPRN

- — o

HeT T T+t

et

"

> d

RAY CONRDINATES

EIML = . Tad
T

S = SHIN + FIM1*STEP :

A — —_ e G G —
Y = =1,%S*SINTHE

e 2= 7234 SEGOSTHE -
R = SOPT(X%*X+Y*Y)

—  IE(TMETA GT TMETAGN GO YO 1R

R = POLD
IF{I45+1) GO TO- 166 - 2 ==
NS = STEPSRJET*T?

J-= I00LD +17*57F0 . = ———— se=mee EEES
R = ROLD + TR*STEP
IR 6T 3 60 10 166
R = ABT(R)
TRS = ABS(TIRS)
R = ARS(P)
16f I0L0 = 27 -
POLD = R

INTER TNTERPOLATZS LAPP INPUT TO DETZRMINE THZ ZLZCTRON ODENSITY
AND GOLLISSION FREQUENCY AT THE POINT {Xe¥42)» . - —— _—

203D

CALL INTER(RyZ+ESFSo¥ELLANIDALGRADEZ 4 GRADF 24 GRADERYGRABF Ry ICUTH

H AP

INDEX TETERMINES THE INOEX OF RPEFRACTION N = XIND - I YIND

CALL INDEX(ES4FSoOMEG+XIMND,YIND,INZX)

A-12
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 SUND CALCULATES THE INTEGRANDS
C

CALL SUND(ES,FSyGAMMA,=-1,,0MZG,RJET,

et 0SIGLATTLOTAULO . XIND, YIND)

r

L RAY TRACING FOR LOM ASPECT ANGLE
r

IECTHETA L GT.THETALY GO I0 168

c
£ GRADIENT OF INDEX OF REFRACTION o — SN
Iad
ARAKEY. = CMEG®*OMEG 4 FS*FS_ . . . . e S
AP = 1,-ES/FNC/BRAKET
1FLARG LY nvg AQQ = 1vg
FN = SQRT (ARG)
~ GRADNF = 0 S/FNG/BRAKETAFN — —
GRADFF = 2,0%ES*FS/RRAKET
GRADXR = GRADNFY¥{GEADFF *GRADFR-GRADER) - - -
6OANX? = GRADNF®(GRADFF*GRAOF Z~GRADEZ)
£1 = F33FS/OMEGAGMES
F2 = (14=ARG)*(1,=A%G)
F3 = SQRTIARG¥ARG + F2¥F1) - -
GPANNP = F2*F1*GRADFR/FS
GRADNR = GRADNR + GRADXRP{ARGE{1,4F1) ~- Fi) =
GRANNG = ,25% (GRADNR/FI + GRADXR) /XINC
GRADNZ = F23E{SGRADEZ/ES
ARADNZ = GPADNZ + GRACXZ*(ARG®*(1,+F1) - F1)
GRADN7 = ,25% (GRADNZ/F3 & GRADXZ)M/XIND : -
e AR AT e CORTHGRA DNREGEAD NI RABN TS GRA BN
r e ———

T OUNTT NOOMA* YWECTOR U

TP = YO8 - - =
T7 = 712¢

—Fo L —e—FPHES

UFACT® = TR®*GRAONP ¢ TZ®GRAONZ

UR = GRANNP — YFACTR*TR

UR = UR/GRADNM

UZ = GRADN7 -——UFACTRLY? — e — P
UZ = U7/GFADNM

“n“¥ s _wAbrnA‘!m!
R Tt

A-13
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T .. g ——

~

£ UNIT TANGENT VEETOR ¥ — - — e

©
FDTOS = GEADNRAUR-+ GRABNZAYZ —  — -
FDTDS = FOTOS/FN
BINSA = FBIBSAUR
DTNS7Z = FOTOS*UZ
DINSP = FOTHSSUPHE —— S e
TRS = TR + DTOSR*STEP
TZS = T7 + DFOSZESTER——- —— — - -
TPHIS = TPHT + DTOSP*STEP
——— INAG-= SQRTLYREETRC & T782T 254 IRMATSATOLTICY
TRS = TPS/TMAG
——ee — 2SS = F2SATMAG S —
TPHIS = TPHTS/TNAG
Y - L S -
~ EVEN I
—r
168 TF(MOD(I,2).NE.D) GO TO 170
STMR = &, LE S R = e S—
GO Y0 :89
EEE (e SR} — e = ks — —
r ODD T
L
o Bz () < S
& ey — S

140 !‘(I.EQ.KK) r0 T0 19C

G pprTOUS INT‘GQAND ADOEO EVERY OTHtR POINT FOR SIHP)ON'S °ULE
~

I
oLnTT1L = 0,
aLnyr2

8y - —_—
OLNATT = (.

W oo

oLNPH = 8, - S

n0 70 200

4206 WM = KK a2
: 3 Aan r <

o

200 NEWATY = ATVADSASEMPLI, -
ATTENS = ATTENS ¢ NEWATT & OLDATT
OLIAT T = NENATT

SIMASONIS BULE ——— — — — =

NTHOW = Q®NS*SIMP/I,
— PHASES = PHASES 4+ NEWAH—+ GLBRH———
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e — e it i i+

_QOLOPH = NEWPH
ATTEN = ATTENS
- PHASE = DHASFS . N S ——

r

L. SIMPSON 2 SULE - b el B e e
~

IF(YI LT L)Y GO IO 243

IF(MOC(I,2).NELO) GO TO 217
ATLPTS = (AT(3) + 3.%AT(2)
ATTEN = ATLPTS & ATTN(3)

.. PHLPIS = (PH(I). ¢+ 3.¥PH(2)
DUASE = PH4PTS + PHSE(?)

D]

& 3.BATLL) & ATV)®, 375205

¢ 3¢ ¥RPHLL) ¢ Q)¥,375*0S

T THE FI®ST AND SFCONO POTNTS AR:

b

217 TF(I.FT.1) ATTEN
IF(I.FN, 1) PHASE
IFIT.EN?) ATTEN
TELYI E0.2) PHASE

n
~ 8

PHASEG -

LI L [ 1}

LS*¥(PH(?

OS* (AT (:

SFFCIAL

) + ATTY /2.

Y+ Q) /2. 4 PHASES

T STORE LASY THREF POINTS P, |

IF({I.FN.1) GO TO 237
IF(I.F7.2) GO TO 22"
AT(2) - AT(2)

ATTAR(3) = aTTN(2)
PHILZX)Y = PH(2)
PHTC () = PHSE(2)
227 AT(2) = AT(1) -
ATTN(?2Y = ATTIN(1Y
OHI2) - PH{1}

PHTC(?) = DPHSE(1)
230 AT(1) = ATTY
ATTN(1)Y = ATTEN
PH(Y) =
PHTCZ (1)

[p]

CHASE

ATTFNUATTCN

EZYP = 2,%ATTEN
EX = L./5XP(FEXP) =
IFITATYT,EC.C) FX=1.

[

TEOMINATICN CONDITIONS & OVERDS

NSE SURFACE CROS3S SECTION




O

IF(I0D.EQ.1) GO TO 231
IF{IIOVD.EQ.L) GO TO 24¢
RAT = FS/CMFG

e INQD = FQD¥ (1. ¢+ QRQAT*RATI/(1. ¢+ C¥RAT) _ e
IF(ZS.LT.ZNOD)Y GO TO Z-°
Inn = ¢

221 IFIN"ACE.zQ.1) GO TO 250

DO 232 N=2,NZ

TF(Z.LT«PLZ(NY) GO TO 234
232 CONTINUE

22U JF(NLGT,N7) N=NZ .

TANPST = PLROVEIN) = PLROVDUIN=-1)

— NS T FANAS AP AN — PNt —

= COSPST = 1,/SART(1.+TANPSI*TANPST)
SIMNeST = SNRT(41.,-COSPSI*COSPSI)
X1 = 1.
TRCIRUFF.FO.BY 60 TO 235 - : -
RO™ = TANFSI®*(Z-PLZ(N)) + FLSOVO(N)

VL L4RICT . -
+ oyl S+

IF(RPCO.LT,H) GC TO 235

XTI = (AR*CHEGCH*RJIETHSINTHI/C
XI7 = XTI*XII

X = b, 4+ GEEEXTTI/ROD/ROBY FIXP({—t XTI Y
Y] = CSORT (YY)

1Y)
W
n

I (N _ 4+ .1 _SIToDY Yol Iisn
T TY T O T YT T e T Y I LY

STMNATA = Y/SQRT(X®XeY*Y)

NAOFK = -1, *SINTHE®*COSPSTI*SINBYA - COSTHE#SINERSE
NINTK = A8S(NCOTK)
NANTY = FOSPSISSINATA

SATTC = NONTK/NDOTY
- BENOM e HENB A NS SNBSS N —— ———— ————— ———— —
NEYMAG = 1, - XIND*XTND - YINO®*YIND
NOBMEY = CHEGSPAT JO*F X*XT/0- T e e
NORMEX® (DEXMAG*COS(PHASI) & 2,*YIND*SIN(PHASI) i /DINOM

FMUOD (LY =
FMUOD (=) = NORMEXS(2,3YIND*CIOS(PHASEY =« OIYMAG*SIN(PHASE) Y /P UM
0 YO 75
TS
T LAST T MYST A5 00D FOR SIMPSCN’S RULZ INTEGRATION
r = . 3

2640 TF(TIOUT,S0.1) 6O TC 25°
IEATHETA,GT,THETARY) 6C TO P55 - - -
DRTX = 10,%ALOGIC (AMAXL(EX,1,E-17))

© = FEOREN LE YT OFR 66 FO-258—

NTISM = 19,
TE(THETA LS, THETA®) DTOSH = SOCPT(CTDSR®*BIDSR+DTDS 2+ DTASP+
1 DTOSP*DTDIP)
£0 19755 = .—
260 IF (MOD(T,2) . NE,0) NS = I

288 LONIINULS
- TN TR LAl YR AAr & =
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’ r INGOHECINT RADAP GROSS—SECTION-STILHA—— — —
p
: NSTL = DSIGREXBENRPS o o —
‘ bR i
] SL%EYTJ‘L' i ;_;.:“S-l;: " LW JT . id VL UJ T
f NAPPLES CELL STORAGE OF INCOMERENT CROSS StcTion

SICME. =
EARREAR A

IFtI.L7.1) GO TO 2¢5

o WXl dENVEE oW GHE Wob o S 1
v TITITOTUTO

REIIVIEIE

VEL = VEL3GOSTHE
00 24 J=1,NDB

™Y
Co

. - BINVEL = DINUSL + DOPWTE— — — - o
IS(VEL.GT.BINVFL) GO TO 26t

— 3005 = HORSTRAI—+—SFA—————————————

0 TN P68

2546 COMTINUE

26 SYILOLD - MNCTL
. Tre IC LA™ A I "

~

~

£ LQHERCNT DADAF- CROSS SECTION- TTIH0A¢GL) + -1 TTILDA DY

IF(NFAGE.FQ41) 6O T8 268 — — - —— — —
NEWTTY = DTAU*EX*COS(PHASE) *DS*SIMO/3,

e — NEWIT2 = LT AYBENE SINAPHASIIAGSASIMAAI
‘ TTTLDACL) = TTILDA(1) + NEWTTZ ¢ OLOTTY

oLnTT1

oLnyYT?
~

——— - e A i e

-

TYILDA(Z) = TYILOA(2) + NEWTT2 + 0LDTT2

NTWTTY
NEWTTZ S

L DDINT INTELRALS EMERY L IARTNIL FIMETHROUGHA-GIP—————

26R IFUIIPSINT£Q.2) GO TO 330
IfF(I.".1) GO TO 2R
IFIMCDIT,,IPRINT)NFLO) GO TO 300
TELION.NT,Z) WRITE(H,27C)

275 EOSMATIBIX, *OVEROENSERN —
28" WCTTF(6,230) S,EX,STILNA,TTILOACI),ITILDA(2),
1 FMUON(1),FNUGDE2) ,DOFSTZANES)
i "N FOTMET(1IH ,1P8G15,7)

707 IFINSL.TQL.C) 6D TO 167

T
b ——y — ETvry—y

© ENTY OF INVTGRATION LOOP

A-17




- —— . gy -

IF(I.GT.1) GO TO 310
STILDA = Lo - SRS

TTILDA(L) = S,
LTILNAL2Y -3

317

CONTINUE
RETURN . i oS
ENN

L XX XX EI XXX EEI I IR I ISR ERYY Y]

P 2m 9D

SUPROUTINE PROF(T4F4F4F4VPyLAMPDA,GRADER,GRADFR,IOQUT)

Oo0F TS CALLZD A8y INTER TO PERFORM ENTIRPOLATIOIN IN R,
THE INTERPOLATTON IS LINEAR FOR THE GOLLISSION FREQUENGY AND
AXTAL VELOTITY, BUY QUADRATIC IN YHE ELECTRPON DENSITY

COMMON/PLUME/NZZPLZ(LCT) o NRCLICL) JPLRULCI425) 4PLE(1204+25)

REAL LANBRA-
IF(R,G.<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>