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A MODEL FOR THE CALCULATION OF MULTIPLY
SCATTERED FIELDS

INTRODUCTION

This report is a description of a model developed to calculate the field multiply
scattered by a collection of flat metallic polygonal reflectors. A Fortran listing of the
corresponding computer algorithms, programmed for the CDC 3800, is presented as
Appendix A. Given a radiating dipole and the vertices of a collection of flat polygonal
reflectors, the model produces the field received at any specified sample point (receiver).
The field at the receiver consists of the direct ray (transmitter to receiver) combined with
indirect rays resulting from multiple scatterings from the polygonal reflectors. The model
traces the transmitted radiation through all possible paths in the maze of reflectors, cal-
culates the value of the field after scattering by each reflector encountered, and then
sums all contributions to arrive at the total field. In the doppler system the transmitting
array elements are energized so as to impart a "virtual velocity" to each transmission,
with the result that the signal received at a given point within the beam is shifted in wave-
length by an amount proportional to sin 0, where 0 is the angle of the point off the beam
center. The model provides for the specification of a single virtual-velocity vector to be
associated with each array transmission, separates field-component calculations by wave-
length, and produces an energy spectrum for each field point sampled.

The program is modular in structure, facilitating the interchange of a number of
methods for the calculation of the field scattered from each reflector. At present the
program incorporates the standard far-field approximation to the fields scattered by flat
plates. The results produced by these calculations may provide only a gross description
of system behavior in the near-field and Fresnel regions. More exact scattering formulas
that are valid in all three regions are currently under development. Meanwhile the cur-
rent far-field approach is adequate for program verification and preliminary investigations
and will prove valuable in validating the results produced by the model when more so-
phisticated methods are incorporated.

In the current version of the model, great economy of calculation has been achieved
by the use of certain "finite-sum" representations developed by W. B. Gordon [11 for the
far-field formulas. The far-field approximation to the field scattered by a flat plate is
given by a certain double integral over the reflecting surface [Eq. (1)], and a direct cal-
culation of this integral would involve evaluating the integrand at a large number of points.
In the finite-sum representation the evaluation of this integral over a flat, N-sided polygon
is reduced to a sum T1 + T2 + ... + TN, where each Ti is a certain complex quantity eval-
uated at the ith vertex of the polygon.

The discussion to follow first considers the calculation of the field scattered from a
single reflector. Then the framework within which such calculations are made, the ray-

Note: Manuscript submitted February 19, 1975.
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LAURA C. DAVIS

tracing techniques from reflector to reflector, is developed, and the total field spectrum is
calculated. Finally, expansions of the model currently underway and areas for future re-
finement are discussed.

FINITE-SUM REPRESENTATION OF THE STANDARD FAR-FIELD
APPROXIMATION TO THE HELMHOLTZ INTEGRAL

Consider a plane wave incident on a flat-plate reflector S of finite dimension. Let f
represent the incident field, with wave number k = 27r/X.

Let xl, x2 , X3 be rectangular coordinates, and let S lie in the x1 x2 plane. Define R, 0, p
to be spherical coordinates, where

X1 = R sin 0 cos p

X2 = R sin 0 sin po

X3 = R cos 0.

Assume P to be a fixed sample field point in space. If the origin of this coordinate
system is located in the interior of S, then gp, the standard far-field approximation of the
scattered field at P, is given by

=[-ik (1+47R eikRf jeikx vdxidx 2] fr, (1)

S

where

fr= incident field f reflected from and evaluated at S,
X [X 1 , X2 ],

and (2)

v = [v1, v2 ] = [sin 0 cos so, sin 0 sin Ap].

(See Refs. 2 and 3.)

For the finite-sum representation, let S be a flat polygon with N vertices al, ... , aN,
where each vertex ai is a 2-vector in the x 1x2 plane. Set aN+1 = a,, and define Aan =
a,+, -an, 1 < n < N. Define 71 to be the unit normal to the plane of S, pointing into
the half space containing P. Let the unit normal to the incident plane wave be represented
by the "ray" (i and the unit normal to the reflected wave by (r, which is given by

gr = i 2 (fj 77 ) n 3

2
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Define R to be the vector from a fixed point in S, such as the centroid, to the field point
P, so that R = IRI represents a "mean" distance from S to P, and letp be the projection
of R onto the plane of S:

p = R - (R * .)n. (4)

Define w to be the projection of [I - (p/R)] onto the plane of S. Since the projections of
Or and (i onto the plane of S are equal,

W = -r - (or 7 = ((i * )77 -
R R

(5)

Then Gordon has shown in Ref. 1 that the standard far-field approximation to the Helm-
holtz integral, given in Eq. (1), can be reduced to the following forms involving no inter-
grations at all:

(a) for w 0 0,

(-jOr)- 77
Rp

9P = WI 
eikR

_ (T1 + ... + TN)fr,

where, for 1 < n < N,

Tn = [(w X 77) - Aan] * (an + an+i)]

and

(b) for w = 0,

g=~l -R.1 eikR Af
[R 27rR

where A is the area of S. Note that geometrically w = 0 implies Or = R/R, which means
that the specular reflection of the incident wave is in the direction of the field point P.

The following sections illustrate the application of this result in the case of the
single and then multiple reflector configurations.

3
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LAURA C. DAVIS

MODEL DEFINITIONS AND PRELIMINARY CALCULATIONS

Let

ET = [ETX, ETy, ETZ] = transmitted radiation
(indicating polarization),

X = transmitting wavelength,

and

RT = [XT, YT, ZT] = coordinates of transmitter,
assuming a right-hand coordinate system.

Define the reflector S by specifying

N = number of vertices of the reflecting polygon

and

Vn = [Vnx, Vny, Vnz] = coordinates of the nth vertex, 1 6 n < N.

The vertices are taken in a positive direction around the reflector, which is defined to be
in counterclockwise order as viewed from the transmitter.

Let VC be the centroid of the reflecting plate S,

VC=V1 + V2 + -- + VN (9)
N

and n the unit normal to the plate,

- (V1 - VC) X (V2 - VC) (10)

IV 1 - VC1 IV 2 - VCI

where the sign of q is chosen so that vj points into the half space containing the transmitter,

(RT - VC) -TO 0.

The unit normal to the incident plane wave, (i, is given by

VC- RT
IVC- RTI

and the unit normal to the reflected wave, Or, which is obtained by reflecting (i about n, is
given by

4
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(12)
rr

Fig. 1 illustrates a typical single-reflector situation.

(RECEIVER)

V4

V5

Fig. 1 - Geometry of a typical single-reflector case

The area A of the reflecting polygon can be calculated by dividing the polygon into

N triangles of area A,, each with a vertex at VC (Fig. 2),

Vn

VN, n Vn~
X Vn- I

/_ \ /~~
Fig. 2 - Division of the reflecting
polygon for the area calculation

5
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LAURA C. DAVIS

so that

1
A, - [2(a2 b2 + b2 C2 + c2a2) - (a4 + b4 + c4) 11/2 , (13)

4

where

a = IVn-1 - VCI, b = IVn - VCI, c = IVn - Vn- 1 1 (14)

Thus it follows that
N

A =E An- (15)
n=1

FIELD CALCULATION FOR A SINGLE REFLECTOR

Let Rp = [Xp, Yp, ZpI represent the position of the field sample point P at which the
total field is to be evaluated. Assuming a dipole radiator, the direct-ray contribution to the
total field at P is given by

ED(Rp) = E ET * (Rp- RT) (Rp - R T) exp (ikIRp - RT) (16)Y
IIp - RTI2 J Rp - RTI

The scattered-ray component of the total field consists of the radiation reflected from
the surface S and scattered in the direction of P. The direct field at the centroid VC of
plate S is

ET -ET -(VC- RT)1 (VC- RT),LIVC - RTI2 J
IVC- RTI, (17)

which, on reflection from S, becomes

Fr = [2(F - 7)77- F] exp [iklVC - RTI], (18)

where the first factor represents the optical reflection of the incident field and the second
factor contributes the proper phase.

The next step is to apply the finite-sum representation of the far-field approximation
to the Helmholtz integral, as stated in Eqs. (6) through (8), to the reflected field Fr to
obtain the scattered field at Rp. However, if the source RT of the incident field and the
location R of the sample point are on opposite sides of the reflector, there is no scattered-
field component at Rp, since shadowing is not currently considered in this model. In this
case, no further calculations are made. Assume therefore that Rp and RT are on the same

6
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side of the plane containing the reflector. As in the second section, define R to be the
vector from the centroid of S to the sample field point, so that

(19)R = Rp - VC,

and

(20)R = IRI.

The projection of R onto the plane of S is given by

(21)p = R - (R *7)7,

and the projection of [I - (plR)] onto the same plane is given by

p
W = ( r - (r * 7 )77 - - = (i -

R

since the projections of Or and (i onto S are equal.
volved.

R

-r r I

V4 proj tr

pThTJ- R', (22)

Figure 3 illustrates the geometry in-

V5

Fig. 3 - Geometry for the calculation of w

7
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In the case where w = 0, indicating that the specular reflection of the incident wave
is in the direction of the field point P, so that (r = RIB, the scattered-field component
is given by Eq. (8), yielding

R eikR '
ESc(Rp) = ik -A Fr. (23)

IR 27rR

If w * 0, then by Eqs. (6) and (7), the scattered field component is

ji gr) eikR N
ESC(RP) L w4B E Tn Fr, (24)

w *w 47rR n=1

where for each vertex n, 1 6 n 6 N,

sin 2 w - AV V 1
Tn = [(w X 'Q) * AVn] I l exp [2w (Vn + Vn+I) (25)

-w * AVn] 12_
in which

AVn = Vn+1 - Vn,
(26)

VN+1 = V 1 -

The total field at P is then the sum of the direct and scattered fields evaluated at
Rp:

E(Rp) = ED(Rp) + ESC(Rp). (27)

FIELD CALCULATION FOR MULTIPLE REFLECTORS

When two or more reflectors are involved, it becomes necessary to keep track of rays
bouncing back and forth between them while calculating the scattering taking place at
each surface. The contributions from all these multiple scatterings, along with the direct
ray, then constitute the total field seen at any given sample point. This section describes
the approach used within the model to systematically exhaust all possible ray paths among
a given set of reflectors and arrive at the total scattered field. The preliminary calculations
initially parallel those of the single-reflector case, with the addition of indices to keep track
of individual reflectors.

Consider a configuration with M flat polygonal reflectors S1 , S2 , ..., SM, where
2 6 M < -c. As in the case of a single reflector, let

8
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ET = (ETX, ETy, ETz)

be the transmitted radiation, and let

RT = [XT, YT, ZT]

the position of the transmitter. As a logical extension of the earlier case, define Ni to be
the number of vertices of the ith reflector Si, 1 6 i < M and define

Vik = [Vikx, Viky, Vjjz]

to be the coordinates of the kth vertex of Si, 1 6 k < Ni. Then

(28)VCj =

is the centroid of the ith reflecting plate, and

_ (Vil - VCi) X (VM2 - VCi)
"i Iil- VCI IVI2 - VCWI

where again the sign of vji is taken such that

(RT - VCi) r i a 0,

is the unit normal to Si.

Let Ai represent the area of the ith plate, so that

Ni
Ai =, A in,

n=1

where

[2(a2b2 + b2c2 + c2a2) - (a4 + b4 + c4 )]1/2

4

a = IVi(n-l) - VCiI,

b = Nin - VCiI,

and

c = Yin - Vi(n-1)1

9
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LAURA C. DAVIS

Define Rij to be the unit direction vector from the centroid of reflector Si to the cen-
troid of reflector Sj. Thus

iVC1 - VCi

ijIvCj - VCil (1

for 0 < i < M, 1 6 j 6 M, i # j.

Note that ROj = (VCj - RT)/IVCj - RTI represents the unit vector from the transmitter
RT (indicated by subscript 0) to the centroid of Sj, which is the quantity defined as {i
in Eq. (11) for the single-reflector case. Thus each Rij gives the direction of radiation
originating from reflector Si (radiation actually being scattered from Si when i # 0) in-
cident on reflector Si.

The preliminary quantities defined and calculated so far have followed closely those
of the single-reflector case, as would be expected. In review, associated with each reflec-
tor Si, 1 < i < M, are the centroid VCj, the normal hi to the plane containing Si, the area
Ai, and a set of unit direction vectors Rij, 1 < j 6 M, j 0 i, which point from Si to each
of the other reflectors Sj. Note that the indices i and j as used here denote reflectors;
when used together, such as in Rij, index i refers to the "source" reflecting plate and
index j to the scattering plate. The index k serves as a reflector-vertex index, where
1 < k < Nj, 1 j < M.

With the preliminary calculations completed, the actual scattered-field computations
for field point P begin with the selection of an initial reflector Si and the corresponding
computation of the direct field at VCi due to transmission from RT, minus the phase
factor, given by

ET- [ ETI VC -ET) (VCi - RT)
FO (VCi) - *V~ -(32)

IVCi - RTI (32)

If the magnitude of FO falls below the threshold,

IFo(VCi)I < eAijED(Rp) I
Al + A2 + ... +Am

where the weighing factor e is selected by the user and ED(Rp) is the direct field at P,
then the field contribution of FO scattered from Si to the total field at P is considered
negligible, and Si is replaced as an initial reflector. However, if FO(VCi) exceeds the thres-
hold in Eq. (33), then IFO(VCi)l is reflected from Si, with the appropriate change in phase,
so that the reflected Foi(VCi), evaluated at the centroid VCi is given by

Foi(VCi) = [2Fo(VCi) -hi)77i - Fo(VCi)] - exp (ikIVCi - RTI). (34)

10
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Note that the subscripts of F trace the history of the radiation involved; thus Oi denotes
radiation from RT reflected from Si.

Let Gi (RQ) represent the reflected field Foi scattered by Si, evaluated at the arbi-
trary point Q. By Eqs. (6) and (7),

1
Gi(RQ) =

w *w
L RQ - VCi \ eikIRQ - VCI N T' Foi,

IRQ - VC i j °1 i 471rRQ - VC1i n=1
(35)

where

and

w = [ Roi - (RQ - V Ci)L .[Roi

sin -W * A\

Tn = [(W X Bi) * AVn] r 72 -2

(36)- (RQ - VC1)] *q}mi

i exp[_w - (Vn + Vn+1) (37)

[2W AV,

with

and

AVn = Vi(n+l) - Vi(n)

Vi(Ni+1) = Vil

(38)

for 1 < n < Ni. Thus in particular the value of the field at P resulting from the scattering
of Foi from Si is given by Gi (Rp), and the value of the scattered field at the centroid of
each of the reflecting plates other than Si by

Gi (VCi), 1 < i < M, j A i.

Consider a second reflector Sj, j : i. If, as in Eq. (33),

IGi(VCj)I <
eAjIED (Rp)l

Al + A2+ ... + AM
(39)

then the contribution of any further scattering of this ray path is taken to be insignificant,
and the path (RT to Si to Si) is abandoned. Consequently a new second reflector Sk,
k k i, k * j, is selected, and the Eq. (39) threshold check is repeated.

Assume, however,that the condition of Eq. (39) is not met, that is the value of the
scattered field at the centroid of reflector Sj exceeds the specified threshold. The path

11
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(RT to Si to Si) is then pursued. By Eq. (34) the field due to the reflection of Foi at
the centroid of Sj is given by

FoU = [(2Gi - ij)vj - Gi] (40)

Let Gij represent the scattering of Foij from Sj, as given by Eq. (35). Then Gij(Rp) is
the field contribution of the ray path (RT to Si to Si to Rp) to the total field at P. Like-
wise, Gij(VCk) is the value of this scattered field at the centroid of Sk for all 1 < k 6
M, k * j. Third-level reflection, where a reflector Sk, k 0 j, is selected, is treated in the
same way as the second-level reflection just discussed. Additional levels of reflection are
considered along each path until the path is terminated by either failing to meet the
threshold at a given reflector and finding that all other reflectors for this path at this
level have been considered or exceeding a predetermined maximum on the number of
reflection levels allowed. A limit is set on the number of "bounces" between reflectors
a field ray may take to facilitate bookkeeping within the computer implementation of
the model. In practice the bounce or reflection-level limit is set high enough that paths
are invariably terminated by failing to meet the threshold.

It is evident then that when one path is terminated at a particular reflector on a
given level of reflection, a new reflector is to be selected at the same reflection level,
subject only to the conditions that the chosen reflector is different from that of the
preceding level (insuring a distinct bounce) and has not been previously considered for
the current path base (as defined up through the preceding level). If all reflectors have
been exhausted on this level, attention is returned to the previous level, a new path is
defined by selecting a new reflector at this now current level, and the whole process
moves forward again. Thus all paths are exhausted when, in the process of stepping
down level by level in an attempt to define a new path, all reflectors are found to have
been already considered on each level, down through the initial level of reflection.

An example may clarify the steps outlined previously in the generation of all pos-
sible ray paths. Consider a configuration consisting of three reflectors Si, 1 < i 6 3, a
transmitter at RT, and field sample point at Rp. For purposes of illustration assume
that no reflector shadows another, impose a bounce limit of three on any single ray path,
and ignore any threshold restrictions. Figure 4 shows all possible ray paths for this
situation. These paths are generated, as indicated previously, by starting at the initial
level or first tier of reflection in the diagram, directly above RT, with the lowest indexed
available reflector S1. Thus path 1 is simply (RT to S1 to Rp). Note that in Fig. 4
the last leg of each path (from the reflector to field point Rp) is indicated by a dashed
rather than solid line for easier identification. For the next path the lowest indexed
available (different from S, and not previously selected) reflector in the second tier,
S2, is chosen, so that path 2 is (RT to S1 to S2 to Rp). Moving along to the third
level, path 3 becomes (RT to S1 to S2 to S1 to Rp) through the selection of Si on tier
3. Since a bounce limit of three has been adopted for this case (illustrated in the figure
by the existence of only three reflection tiers), path 4 requires a step down in the

12
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rr

Fig. 4 - Ray paths

diagram back to the second tier, to S2, and a reevaluation of the reflectors still available
at the third level. Reflector S3 on level 3 is the only available reflector not yet used on
the current path base (RT to SI to S2), so the selection of S3 on level 3 defines path
4 as (RT to SI to S2 to S3 to Rp). Note reflector S2 is ineligible for consideration at
this level for path base (RT to SI to S2) since it would not constitute a distinct bounce.
Again attention is returned to level 2 at S2 since the third level allows no further re-
flections, but now all available third-tier reflectors for path base (RT to SI to S2) have
been selected in previous paths. Thus a second step back, to SI on level one, is made.
From the vantage point of SI, with path base (RT to SI), S3 remains as the only avail-
able reflector on level two, so path 5 becomes (RT to SI to S3 to Rp). Paths 6, as
(RT to Si to S3 to Si to Rp), and 7, as (RT to SI to S3 to S2 to Rp), follow in the
same way. Stepping down now to SI on level 1 reveals that all level 2 alternatives for
path base (RT to Si) have been used (namely S2 and S3), so the next lowest indexed
reflector on level one, reflector S2 , is selected. Thus path 8 is (RT to S2 to Rp), and
the whole process described previously for SI is repeated. When attention is returned

13
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to the initial level for the third time, the remaining reflector S3 is used, the preceding
procedure is reiterated, and the generation of all possible ray paths for this configuration
is completed.

Note that Fig. 4 is composed of three vertical sections, one for each reflector, as
enumerated in the first tier. Using the diagram, the paths described can be traced by
starting from the leftmost section and, within that section, moving along the leftmost
solid lines from tier to tier, working toward the right. At each reflector in a given tier,
a dotted line directly to Rp represents the completion of a path. Table 1 lists all
possible paths and corresponding field contributions for this example in the order of
their generation by the previously outlined steps.

Paths
Table 1

and Corresponding Field Contributions

Path Number Path Field Contributions
_____I j at Rp

0

1

2

3

4

5

6

7

8

9

10
11

12
13

14
15
16
17

18
19
20
21

RT to Rp
RT to S1
RT to Si
RT to Si
RT to SI
RT to SI
RT to SI
RT to SI
RT to $2
RT to S2
RT to $2
RT to $2
RT to $2
RT to S2
RT to S2
RT to S3
RT to S3

RT to S3

RT to S3

RT to S3

RT to S3
RT to S3

to Rp
to S2 to Rp
to S2 to S1 to RT
to S2 to S3 to Rp
to S3 to Rp
to S3 to Si to Rp
to S3 to S2 to Rp
to Rp
to Si to Rp
to S1 to S2 to Rp
to S1 to S3 to Rp
to S3 to Rp
to S3 to SI to Rp
to S3 to S2 to Rp
to Rp
to Si to Rp
to S1 to S2 to Rp
to SI to S3 to Rp
to S2 to Rp
to S2 to SI to Rp
to S2 to S3 to Rp

14

ED(RP)

G1(Rp)

G12(Rp)
G12i (Rp)
G123(Rp)

G13 (Rp)

G131(Rp)
G132(Rp)

G2(Rp)
G2 1(Rp)

G212 (Rp)
G2 13(Rp)

G2 3 (Rp)
G2 31(Rp)
G2 3 2 (Rp)

G3 (Rp)

G31(Rp)
G3 12 (Rp)

G3 13(Rp)

G32 (Rp)
G32 1 (Rp)
G32 3(Rp)
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The general expression for the total field at the sample point P is thus

E ~ ~~~M M M GRik
ET(Rp) = ED(Rp) + Gi(Rp) + E Gij(Rp) + E [G(RP)k

M [GzRP 'j=1 k=1_~i Os
M

+ *-- + E, [G(Rp)ijk ........... n - ..,(41)
n=1

n=An-1

where ED(Rp) is the direct field at P, Gijk (Rp) is the field contribution at P due to
path (RT to Si to Si to Sk to Rp), and n is the maximum reflection level.

DOPPLER SYSTEM

In the doppler system the transmitting-array elements are activated sequentially,
giving the effect of a "virtual velocity" to each transmission. Consequently the signal
received at a given point within the beam is shifted in wavelength by an amount pro-
portional to sin 0, where 0 is the angle of the point off the beam center. In the model
described here, doppler transmissions are accommodated by specifying a "virtual velocity"
vector VV to be associated with each transmission. Then all field components initally
reflected from a given reflector Si have wavelength Xi given by

X (VCi - RT) . VV
C L IVCi- RTI j

where c is the speed of light.

Let Ei(Rp) be the component of the field at P due to all transmissions originating
at RT initially scattered from reflector Si (the field component at P with wavelength
Xi). Then

M M
Ei(Rp) = Gi(Rp) + E Gii(Rp) + E. [GijkRp +

j=1i k=1
k*j

(42)

+ E [Gijk ... n] ...
n=1

n~in-i
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and the total field at P as given by Eq. (41) becomes

M
ET(Rp) = Eo(Rp) + E Ei(Rp), (43)

i=].

where IEi(Rp)j represents the line in the energy spectrum at P corresponding to wave-
lenth Xi.

CONCLUSIONS

The model described herein calculates the standard far-field approximation to the
Helmholtz integrals representing the field multiply scattered by flat polygonal metallic
reflectors. The new representation of the far-field approximation to the Helmholtz
integral as a finite sum, as developed in Ref. 2, has been employed to achieve a great
economy in calculation. More generally, it is known that the Helmholtz integral has
an exact closed-form representation as a line integral evaluated over the boundary of
the reflecting surface. An expansion of the model is being developed to include the
treatment of curved reflecting surfaces, along with the exact line-integral representations
of the Helmholtz integral, applicable to plane-wave, spherical-wave, and dipole radiation.
Also under investigation is the possibility of developing a closed-form expression for
the Helmholtz integral which would involve no integrations at all, similar to that ob-
tained and used for the far-field approximation to the exact Helmholtz integral.
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Appendix A

SOURCE PROGRAM LISTING

PROGRA'4 FIELD- __
C
C
-C PROGRA4M FIELD CALCULATES THE ELECTROMAGNETIC FIELD DUE TO MULTIPLE-
C SCATTERING BY A COLIEECTION OF FLAT METALLIC POLYGONAL REFLECTORS.
C -
-C' GIVEN A SET OF RADAR PARAMETERS, THE TRANSMITTER POSITION, AND THE___M _
C VFRTICES OF A COLLECTION UF FLAT POLYGONAL REFLECTORS, THE FIELD
C PqODUCED AT ANY SPECIFIED SAMPLE POINT (RECEIVER) CONSISTS OF THE
~C DIRECT RAY COMBINE) WITH INDIRECT RAYS RESULTING FROM MULTIPLE __
C SrATTERINGS FROM THF REFLECTORS.
C
C ---- THE PROGRAM TRACES THE TRANSMITTED RADIATION THROUGH ALL POSSIBLE
C PATHS AMONG THE REFLECTORS, CALCULATES THE VALUE OF THE FIELD
C AFTER SCATTERING BY EACH REFLECTOR ENCOUNTERED, AND THEN SUMS ALL
C CONTRI3UTIONS TO ARRIVE AT THE TOTAL FIELD. __________
C
C FnR DOPPLER SYSTEMS. A USER SPECIFIED VIRTUAL VELOCITY VECTOR IS
C ASSOCIATED WITH EACH ARRAY TRANSMISSION, PRODUCING AN ENERGY_ _ -__
C SPECTRUM BY WAVELENriTH OR FREQUENCY FOR EACH FIELD POINT SAMPLED.
C
C .. . .

C JANUARY, 1975
C

COMMON/CONST/PITWOPICM __________
CoMMON/INPUT/ITITLE(10),XLMDA9VV(3)tET(3) RT(3)oD3),NBOUNDMP,

1 NV(5U),9V(3, 4,50)
COMMON/PRELIM/MiWAVFNMVC(3,5O),VNORMl3.5O),VAESOI YVASUMtXLAM(50"

1 XK(501,R(J,31930)
DIMENSION RP(3), PRTL(50)

C -. . ...-.. -_. __._._.___.__ __.__ ________

C CURRENT DIMENSIONS ALLOW UP TO 30 REFLECTORS (PRELIM, PROJ) AND
C UP TO 4 (INPUTT PRUJ) VERTICES PER REFLECTOR
C _ . INPUT IS DIMFNSION6D FOR 50 REFLECTORS-
C

PT = 3.1415927
TqOPI = 6.2831853 - --- --------- -

C SPEELD OF LIGHT IN MFTERS/SEC
CA = Z.998E08

C . . _ ...- - --.-.......... ._. .

C READ IN DATA
CALL READIN

C DETERMINE GEOMETRICAL QUANTITIES NEEDED FOR SCATTERING _____ _____
C CALCULATIONS

C'LL SETUP
C INITIALIZE FIELD POINT GENERATOR.-_ _ ____-.- _

NP = 0
10 CaLL FPGEN(NPRPI)

IF(NP .LT. 0) GO To 50 ___ ______ __ _ __
C CNLCULATE DIRECT FIFLO AT RP

CALL DIRECT4RP)
C CaLCULATE SCATTERED FIELD AT RP - -- -

CiLL REFLEC(RPPRTLqN8MAX)
C PQINT DIRECT ANO SCATTERFU FIELDS AT RP

CALL PRNT(RPPRTLol- - ---.
GO TO 10

17
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50 CONTINUE
END

.----- ----- --- ---------.----- - --- XDENT FIELD
PROGRAM LENGTH 00146
ENTRY POINTS FIELD 00070
BLOCK NAMES - ____ __

CONST 00003
INPUT 01243
PRELIM _ 06253_ ___ --

EXTERNAL SYMBOLS
Q8OENTRY__QBQDICT.-- ------
READIN
SETUP

-_ _ .__FPGEN-- _-
DIRECT
REFLEC
PRNT_ _ __ ______

00053 SYM30LS
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SuBROUTINE FPGEN(NPoRPID)
C

-C-- THIS SUBROUTINE TO RE FURNISHED BY-THE USER-_ _ _

C
C SUBROUTINE FPGEN GENERATES THE FIELD POINT RP AT WHICH THE DIRECT

-C-- -- AND SCATTERED FIFLUS-AHE-TO 8E EVALUATEQ-
C
C PARAMETERS

--C---- - NP = FIELD POINT STATUS -- -( NP -0-FOR-INITIAL-ENTR-Y')
C RP a GENERATED FIELD POINT
C ID * DATA SET IO

-C ------ , -- - - - _ ., . .. . ., . .

COMMON/CONST/PI4TWOPICM
UTMENSION RR(3)

10 IF(NP *NEs 0) GO TO 2Q__ ___ _ _ -
C
C INITIALIZE GENERATOR

C THIS EXAMPLE WILL CALCULATE THE 10 SAMPLE POINTS
C RPC1) = loo.*COStN*PI/1Bo.)
C - RR(2) = 0. - _
C RP(3) = 15.*SQRT(3o) * 100o*SIN(N*PI/180*)
C FnR N FROM 1 THROUGH Io ON 10 SUCCESSIVE ENTRIES
C--- - ----------- _ _ _ _ _ _ _ _ _ _ _

N--AX 10
CnNST * 15.0*SQRT(3*0)

--- ~ ({21 s O __ __ ___ _
NP = 1
N 0

20 N u.N *.1-- -- -_-----_-_-_---
IF(N *GT. NMAX) GO TO 30
FNI = N - I

__ ARG r FN*PI/180.-- -
RP(1) loo.*COSIARr,)
RP(3) = CONST I 1oo.*SINfARG)
HcTURN ,_- ----- _----- ------- 

30 NP = -1
RQTURN
EriD ------ - ---

------ -- ~ _-_--. IDEN4T_ _FPGENPROGRAM LENGTH 00136
ENTRY POINTS FRGEN 00003
BLOCK NAMES C 00003

CONST 00003
EXTERNAL SYMR0LS

_- - OQ8 DICT e.. _-- _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _

SORTF
SINF

, -,_ COSF . -- -
O00046 SYMBOLS
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SUBROUTINE READIN
C
.C_ SUBROUTINE
C ITITLE
C XLMDA
C -. VV (3) .
C ElT(3)
C RT(3)
C . - D 3)-
C
C NBOUND
C- _ .MP __
C NV(I)
C V(KJI)
C ... -. ...
C

LAURA C. DAVIS

REAO1N ImPUTS AND PRINTS THE FOLLOWING DATA _- _

=8 CHARACTER RUN IDENTIFICATION
TRANSMITTING WAVELENGTH (METERS)

= VIRTU4L VELOCITY (METERS/SEC__ ___
= TRANSMITTED RADIATION

TRANSMITTER POSITION COORDINATES
= DIRECTION OF MAIN BEAM ___

= MAX. NO. OF REFLECTED BOUNCES ALLOWED
NUMBER OF REFLECTING PLATES_-

= NUMBER OF VERTICES OF PLATE I
= COORDINATE K OF VERTEX J OF PLATE I

C(MMON/INPUT/ITITLE(10) XLMDA.VV(3).ET(3)*RT(3),D(3),NBOUNDOMP,
1 -- ----.- NV(50)*VC39 ,---4,50 -

INTEGER WT
C
C CIRRENT DIMENSIONS ALLOW UP TO 30 REFLECTORS (PRELIM,-_PROJ1--AND------
C UP TO 4 (INPUT. PROJ) VERTICES PER REFLECTOR
C INPJT IS DIMFNSIONLD FOR 50 REFLECTORS

C ASSIGN INPUT. OUTPUT LOGICAL TAPE UNITS
IN = 60
WT x 61 --- ---

RPAOCIN9100) (ITITLF(I)IT-lu1l10)XLMDA9(VV(I}=1%3)9(ET(1)I1s193)
1 (RF(I)sI),Ip3), (D(I)I=1,3),NBOUNDvMP

-100 FnRMAT(1OA8/8F1O.3/rFlO.3/2I5)--_____,, _- -
wqITE(WT92OO) (ITITIE(1I)I-=1,10)XLMDA(VV(I),I=1,3),(ET(I),laij3)
1 q(RT(I),=1I3)9, (DCI),I=1,3),N80UNDMP

- 200 FnRMAT(1H1/IOA8,//SX,10HWAVELENGTH,16XFl0O3//5X,16HVIRTUAL-VELOC-
liY1OX3F1O.3//5X,'1HTHANSMITTED RADIATION,5XJF1O.3//5X,23HTRANSMI
2TTER CDORDINATES,3X,3F10.3//5X,19HMAIN BEAM DIRECTION,7X,3F10.3//
35X,116HAX. NU. HOUNCES,1OX9I1D//5X,21HNO. REFLECTING PLATES.5X--- ---
4110)

C
READ(IN,110t (NV(I) ,I=19MP) ,

110 FoRMAT(1615)
rio 130 I = 1.MP

N = NV(I) - -- - - - ---
READ(IN,120) ((V(KJ9I),K13)9J=19N)

120 FOR4AT(8F10,3)
WWITE(WT9210) I No ((V(KJ9I)9K=13)9J=I9N) --- --- -- -

210 FORMAT(///5X.5HPLATFI1O*SX,12HNO VERTICESI10//lX,12F1.3)
130 CONTINUE

C---.-.--,.-----.... . ______-

C
RcTURN
END -.- -'--- .-

PROGRAM - -- -- --- - --- -- . IDENT _-.
PROGRAM LENGTH 00510
ENTRY POINTS READIN 00134
BLOCK Ni MES -. , _ ___

INPUT 01243
EXTERNAL SYMBOLS

THEND.
Q8QDICT.
TSH.

._ .- . . STH. . __
QNSINGL*

00104 SYMBOLS

Or Ant I
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SUBROUTINE SETUP
C
-C----.-SUHROUTINE SETUP MAKES PRELIMINARY GEOMETRICAL CALCULATIONS
C (COMMON PRELIM) nEPENDENT UPON INPUT REFLECTING PLATE DATA
C ANU ALSO COMPUTIs THE DOPpLER WAVELENGTH AND WAVENUMBER
.C- -.-_ASSOCIATED WITH FACH RtFLECTING PLATE----- --- -- -
C

COMMON/CONST/PItTWOPItCM
- CoMMON/INPUT/ITTLE(10),XLMDAVV(3),ET(3).,RT(3).D(3)oNBOUNDtMPO,

1 NV(5o),V(3, 4,50)
COMMON/PRELIM/MWAvFNMVC(3950) VNORM(3,50) VA(50) VASUMoxLAM(50),

-1 -- XK(50)vR1331,3j_30) -_ __ _
DIMENSION CS(3)*V1V(3)V2V(3)

C
C - CuRRENT DIMENSIONS ALLOW UP-TO 30 REFLECTORS-(PRELIMPR 0JJLAND
C UP TO 4 (INPUT9 P9OJ) VERTICES PER REFLECTOR
C INPUT IS DIMFNSInNkD FOR 50 REFLECTORS

C SET NO. OF EFFEeTIVF PLATES EQUAL TO N0. OF PLATES INPUT
N1 = HP

C . - ..... ,,, , ..... _ .,...._ __ __ __ _ ,- _ __ _ _

C CALCULATE CENTROID vC OF EACH PLATE
0o 35 J = 19M

CS(2) 0.
CS(3) a O.
N = NV(J) - ---------------------

DO 25 I = 1,N
DO 20 K a 1,3

__ .___ .. CS(KI.. A CSfKl _+VlKIJ)
20 CONTINUE
25 CONTINUE
____-. FNV= FLOAT(N 

DO 30 K = 1,3
VC(KtJ) = CS(K)/FNV

30 CONTINUL .- _._ .- ............ ___ _.... _ . _ . _ _
35 CoNTINUE

C
C . - .,_ ______ _

C CALCULATE UNIT NORMAL VNORM TO EACH PLATE
Do 7U J 19M

Vs 5 1 = 0 . . . _ _ . , .........-.-..-.-..- --...-...--..-...... _ . . . , _ . _ _ -

VS2 3 0o
DO 55 K a 193

V1V(K) = U(K.1,J) . VC(KJ) _ , ...-
V2V(K) = V(K,7,J) - VC(KJ)
VSi = VS1 + VIV(K)*VlV(K)
VS2 = VS2 * VPV(K)*V2VCK) __ _ _______ ___-

55 CONTINUE
VM = SQRT(VSl)*SORT(VS2)
VNORM(1lJ) = (VlV(d)*V2V(3) - V1V 3)*V2V(2/VM ---
VNORM(2*J) = (VlV(3)*V2V(1) - VlV(l)*V2V(3))/VM
VNORM(39J) = (VlV(l)*V2V(2) - VIV(2)*V2V(1))/VM

C - CHECK SIGN AND NORmaLIZL - - - -

VNM a SQRT(VNORM(1,J)*VNORM(1,J) * VNORM(2,J)*VNORM(2,J)
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_ 1*. VNORM(39J)*VNORM(3,J)). -__

OOT *Oo
DO 60 K * 193

DOT = DOT. + VNORM(KJ)*(VCCKJ4'.R- )L _-_ _ _

60 CONTINUE
IF(DOT *GT. o.) VNM * -VNM
DO 65 K = 193 -_ --_I--------_-- ---

VNORM(KJT VNORM(KJ)/VNM
65 CONTINUE
70 CONTINJE.- ----------------- ------- --- -

C
C
C -. C.CLCULATE AREA YA OF_.EACH. PLATE ___

VASUM * 0.
Dn 85 J = 1.M

AREA 0 ._ _ _-__ __--
N = NV(J)
DO 80 I = 1,N

-. .. A .0 . , -.. ._ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _B--a 0.
8 s O
C 0.

C COMPUTE SIDES OF TRIANGLE J...-. _ __ _ ___ _ __ _
II = I * 
IF (II .GT. N) II a 1

------- - .DO 75. K *13 _ __ ___ __
A = A * (V(KoIJ) * VC(KoJ))**2
B 4 B ( V(KtII.J) -VC(KJ))**2
C = C * (VIKIIOJ) - V(KI_ __J___ __

75 CONTINUE
C CALCULATE AREA OF TRIANGLE J

DELA = SQRT (2. 0A*B *C--* C*AJ- (A*&B*B__C*C))/4. -
AREA = AREA * DELA

80 CONTINUE
VA(J) = AREA
VASUM = VASUM * AREA

85 CONTINUE
C
C
C CaLCULATE PLATE (I-1) TO PLATE (J) UNIT DIRECTION VECTORS R(KIJ)
C WITH RESPECT TO PLATE CENTROIDS VC ---
C NoTE I.LE.I.LE.M+l SO THAT I REFERS TO PLATE I-1i WHERE PLATE O
C IS THE rRANSMITTFR
C ,-_

C CILCULATE TRANSMITTFR (PLATE 0) TO PLATE J UNIT DIRECTION VECTORS
Onr 115 J a 1 m

Vm . . ..-- - . - - .-. - ...

DO 105 K 1,3
VIV(K) = VC(K.J) - RT(K)
VM a VM + . VIV ( K) *VIV ( K.-.... ----

105 CONTINUE
VM = SQRT(VM)
DO 110 K a 1,3 - --.- -

R(K,1,J) q VIVCK[) VM
110 CONTINUE
115 CoNTINUE __ __

C
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-C-- CALCULATE REMAINING DIRECTION-VECTORS
DO 135 I 1s,M

II U I * I
DO 130 J 1,M ... __ , ....-

IF(J .EQ. I) AO TO 130
VM z 0.
DO 120 K = 1.3. _ _.-

VIV(K) V(KtJ) - VC(K9I)
VM = VM * VIV(K)*V1V(K)

__ 120 CONTINUE-- --- - -
VM = SORTtVM)
DO 125 K * 193,- - _ R(KIIJ).= VlVCK)J/.VM.

125 CONTINUE
130 CONTINUE
135 CONTINUE . __ __._ -

C
C
C - -- - - . . _ _ , _ _

C CHECK FOR DOPPLER
VVM = 0.
DO 138 K = 193 - --

VVM = VVM # VV(K*VVIK)
138 CONTINuE

VVM - SQRT(VVM) .------- 
IF(VVM .EO. 0Ot GO TO 150

C CALCULATE DOPPLER WAVLLENGTH XLAM AND W
C BY EACH PLATE.___

Do 1i5 J = 1,M
VS1 = o.

_, . V 52 = 09 .. _,______-
DO 140 K - 1#3

CS(K) = VC(K.J) - RT(K)
_ _VSI = VS1.+ C._(K)*CS _K

VS2 = V52 * VV(K)*CS(K)
140 CONTINUE

1- V -= SQRT(VSI) ,
XLAM(J) * XLMDA*d1*0 VS2/(CM*VS1))
XK(J) = TWOPI/XLAM(J)

145 CoNTINUE -- -
Go TO 160

C
C NO DOPPLER
C

AVENUMBER XK AS SEEN

C CALCULATE WAVE NUM8FR
150 W4VENM = TWOPI/XLMnA - -.. - - --. -

Do 1>5 J = 1,M
XLA4(J) = XLMDA
XK(J) WAVENM - - -

155 CONTINJE
C

160 KrTURN .. ___
EmD
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--.---------.--- --.---_ DENL_ _SETUP
PROGRAM LENGTH 00740
ENTRY POINTS SETUP 00014
BLOCK NaMES _ _ __ _

CONST 00003
INPUT 01243

__PRELIM ___-.06253-
EXTERNAL SYMBOLS

Q8ODICT.
, SQRT __ _ _ _ _

002U3 SYMBOLS
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SUBROUTINE DIRECT(RP) U
C
C SUBROUTINE DIRECT CALCULATES THE DIRECT-FIELD COMPONENT 0REO -f-RO -
C TRANSMITTER RT TO FTELD POINT RP

C
COMMON/CONST/PITWOPIOCM
COMMON/INPUT/ITITLEC1O) XLMDAVV(3) ET(3) RT(3)tD(3),NBOUND.MP,

1 NVC5O)V(39 4950)
COMMON/PRELIM/MWAVFNMVC(3,5OVNORM(3,5O0)VA(50),VASUMXLAM(SOt-+

1 XK(5nl)*R(3,31,30)
COMMON/FIELD/ED(3) FSO3P50)
COMPLEX ED..-ES---
COMPLEX FAC
DIMENSION RP(3)6 WS(3)

C -. -...- ___.

C CURRENT DIMENSIONS ALLOW UP TO 30 REFLECTORS (PRELIM, PROJ) AND
C UP TO 4 (INPUT9 PROJ) VERTICES PER REFLECTOR
C - - - INPUT IS DIMENSIONLD FOR- 50 REFLECTORS-
C
C DIPOLE

OnT a O. . - .- ___ _____ ___-_____ __--_----__-

Do 10 K 103
WS(K) = RP(Kt - QT(K)

--- 1 ONOT = DOT + ET(K*WSW-. --
10 CoNTINUE

W%-2 =S(1)*WS(eT + WS(2X*WSQ2) + WS(3)*WS(3)
_ W9 SORT(WM2) _ _____
w = DOT/WM2

C CaLCULATE WAVE NUM8FR (INCLUDING DOPPLER IF PRESENT)
Do 12 K = 1,3-_________---------_----_-_--

DOT = DOT * WS(K)*VV(K)
12 CONTINUE
- FtAM XLMOA*(1.O-- DOT/tCM*WM))-

WAVENM = TWOPI/FLAM
WK = WAVENM*WM
FAC - CMPLXfCOS(WKISIN(WK)8._-_------- - -
Do 15 K 1,3

ED(K= (ET(K) - DW*WS(K))OFAC/WM
15 CoNTINUE _ ____

C PRINT
CALL PRNT(RPRP,-1)RIrTURN -- - .- --------- ------.------- ----

C
Es'D
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_ _IDENT.__ _ DIRECT
PROGRAM LENGTH 00205
ENTRY POINTS DIRECT 00006
BLOCK N MES --- -_- _ __ _

CONST 00003
INPUT 01243
PRELIM 06253____
FIELD 00462

EXTERNAL SYM30LS----- -0-- . Q1004330
01005310
QOSDICT9

- _ _PRNT _- ----- -

SORTF
SINF
COSFS ---- MO-----S-.- --- --

00076 SYNSOLS
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SUBROUTINE REFLEC(RPPRTL#NBMAX)
C
C- SUBROUTINE REFLEC CALCULATES THE REFLECTED (SCATTERED) FIELQ -
C COMPONENT ES(K.Ji FOR EACH WAVELENGTH XLAM(J) AT POINT RP
C COMMON/CONST/PIiTWOPItCM... ___ _ __ _ __ -

COMMON/INPUT/TTITLF(1O),XLMDAVV(3) ET(3) RT(3),D(3),NBOUNDMP,
1 N§V(50).V(39 4,50)
COMMON/PRELIM/MWAVFNMVC(3,50).VNORM(3,50),VA(50),VASUM.XLAMLSO).

1 XK(50),R(3,31,30)
COMMON/FIELD/ED(3)*FS(3,50)
COMPLEX ED9ES9CW ____
UTMENSION VJT(3-, FnJ(3),PRTL(50)
DIMENSION NB(Sot
COMPLEX FG -. .-.-- -__ __._ ___ _
OTMENSION NP(10)qF(ltlo),G(3)
DIMENSION RR(3)

C.. -.. . _ . - . . .. _ _ _ _ _ . _ _ _ _ _ _ _ _ _ . . _ _ _ . _ , _ . __

C CIURRENT DIMENSIONS ALLOW UP TO 30 REFLECTORS (PRELIM) AND
C UP TO 4 (INPUT) VEHTICES PER REFLECTOR
C INPUT IS DIMFNSIONED FOR 50 REFLECTOR5 _ _ _ __ _ _
C
C INJITIALIZE SCATTEREn FIELD COMPONENTS TO ZERO
-. -, DO 15 J * 1.M ..... . __._,__. -______.___ _, _

DO 10 K a 1,3
ES(KJ) a o0

10 CONTINUE. _ _ _ _-_ _ _ __ _ _ _ _ _ -
15 CONTINUE

C
C ..- liqITIALIZE sBOUNCE COUNTERS __

Do 29 J a 1.M
NB(J) 0 0

-- 20 CONTINUE
C
C SFT EPSILON FOR FIFLD STOPPING RULE

E;-'S = 0.01 - -- - - - - -- -- --------------
C CALCU'LATE FACTOR FOR FIELD STOPPING RULE AT GIVEN PLATE

F^C = EPS*CVMAG(ED),VASUM
C - . . - , .

C
C

DO 200 J = 1M --- ------- --- -
C
C CnLCULATE DIRECT FIELD AT PLATE J (SCAT PROVIDES h/R FACTOR)
C DIPOLE - -

DOT 0 0.
DO 30 K u 1.3

VJT(K) = VC(KqJ)- - RT (K).----------_______________-_--
DOT = DOT * ET(KI*VJTtK)

30 CONTINUE
VJTM2 I VJT(1)*VJT(1) * VJT(2)*VJT(2) * VJT(3)*VJT(3) -.- --
ViTM = SQRT(VJTM2)
D%/ = DDT/VJTMP
DO 33 K = 1,3 _ _ _._._

FOJ(K) = (ET(K) - DV*VJT(K))
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- 33 CONTINUE- _ __ __ _-- _
C
C CHECK DIRECT FIELD AGAINST STOPPING RULE

_ FMIN S VA(J)*FAC . -- ------- - - - - - - - -
FMAG = SQRT(FOJ(l)*FOJ(l + FOJ(2)*FOJ(2) + FOJ(3)*FOJ(3))
IF (FMAG LT. FMIN) GO TO 200

C CHECK BOUNCE COUNTER AGATNSTHm'AXIMUM_.ALLOwED
IF (Nb(J) -GE* NBOUNU) GO To 200

C
C IN'CREMENT BOUNCE COUNTER,_ _ -- ___ _

Np(J) z NB(J) * 1
C
C__. REFLECT FOJ WITH RESPECT TQRLATELJ

OnT 0 .
Dn 4? K a 193

DOT s DOT_+ FOJ(K).*VNORMO(K9J
45 CoNTINUE

Do 48 K a 1,3
F(Ki1ll= 2oO*DoT*VNORM(KJ) -- FOJK)-

48 CONTINUE
C
C - CoMPUTE FIELD COMPONENT AT RP. DUE IO SCATTER OFF-1LRFDROMPLA- J -

CALL SCAT(OJ,XK(J),F(,l1),RPsG)
C

-C AD TO SCATTER FIELD COMPONENT.-.FORXLAM(l)
-Do 55 K a 1,3

ES(K9J) s ES(KtJ G(K)
55 CoNTLNUE - -- - - - --

C
C
C , .-. __ ___ __._

C CALCULATE TOTAL SCATTERED FIELD COMPONENT AT RP WITH WAVELENGTH
C XLAM(J)
C- NH(J) = MAX. NO. BOIINCES INVOLVED IN COMPUTATION OfE-..IEL
C COMPONENT WITH wJaVELENGTH XLAM(J)
C NP(N) = CURRENT PLATE NO. FOR NTH BOUNCE
C -- . N S .CURRENT, BOUNCE NO._ _ ____

C
NP(1) a J
Un 60 N x 29NBOUND .,,

NP(N)
60 CONTINUE

C I 'ITIALIZE BOUNCE SFQUENCE _ _ __ __-
70 N * 2
75 NP(N) s NP(N) + 1

lF(NP(*N) eGTe Mt GO TO 95 - -_ _-_____ -___ -- __-_ _-
C CHECK FOR DISTINCT POUNCE

78 l' (NP(N) .EQ. NP(N-1)) GO TO 75
C CoMPUTE F(N), THE VALUE OF FIELD F(N-1) SCATTERED BY PLATE NP(N 1)-------
C AT THE POINT VC(NP(N))

Np1 0 O
l(N ST. 2) NPI s NP(N-2) --.---
NP2 = NP(N-1)
CALL SCAT(NPINP2,XK(J),F(1,N-1),VC(1,NP(N)),F(1,N))
FvIN = VA(NP2)*FAC , -
FHAG c CVMAG(F(19N)i
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_ -. I (FMA3 .LT. FMIN) GO T0 75---__ ___ __- ___
C
C REFLECT F WITH RESPFCT To PLATE NP2

80 DnT = 0 - - ---0--- -
Do 82 K = 193

DOT = DOT + F(K#N[#VNORM(KoNP2)
82 .CoNTINUE---- ----

DU SS K = 193
F(KN) = P.O*DOT*VNORM(KNP2) - F(KN)

.. 85 CONTINUE-___- -
C
C C6LCULATE FIELD COMPONENT AT RP DUE TO SCATTER OF F(N) FROM
..C _ _-PLATE NP(N) - ____

CALL SCAT(NP2,NP(N),XK(J)oF(1,N),RPG)
C
C.. . AnD TO CURRENT SCATTERED FIELD COMPONENT ---

un 90 K = 193
ES(KJ) ES(K9J) G 6(K)

90 CnNTlNUE _ _---
C
C UPDATE MAX. NO. OF BOUNCES FOR THIS WAVELENGTH, IF APPROPRIATE

IF (N .GT. NR(Jt) NR(J) s N-
C
C STEP UP BOUNCE LEVEL

N. = N * 1 ------ -- _

IF (N *LE. NBOUND) GO TO 75
C
C END OF BOUNCE STRINENDOFSTRINS--.--
C STEP BACK ONE BOUNCF LEVEL AND INCREMENT

95 N = N - 1
-- . .IF-- (W *GT* 1)- GO TO-75.

C
C
C.----- FINISHED WITH-WAVELFNGTH--XLAM(J)--CONTRIBUTION--TO F-IELD

200 CONTINUE
C
C.
C
C SET UP PRINT FREQUENCY ARRAY

00 205 J = 1,M -- -----
PRTL(J) ; CM/XLAM(J)

205 CONTINJE
C _

C CHECK FOR DISTINCT SCATTER FREQUENCIES
M4 = M - 1
DO 230 I = I ,MM - - --- -- -- --

* II = I * 1
IF(PRTL(I) *EQ. -1.0) GO TO 230

- . DO 225 J = I I ,M - - __ ____________. ._

Wq = ARSF(PRTL(I) - PRTL(J))
IF( WS .GT. loon*) so TO 225

DO 220 K a ..-

ES(KIt = FS(KI) * ES(K*J)
220 CONTINUE

PRTL(J) = -1.n - ---- -----

225 CONTINUE
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.230 CONTINUEUE_-_ _____ _ .
C
C DETERMINE MAXIMUM NIUMBER OF BOUNCES

NRMAX .0---. -- --- -

00 235 U = 1JM
IF(NB(J) *GT. NHMAX) NBMAX NB(J)

235 CONTINUEL- ___ __ _

C
RcTURN
END __ _

POR- --------- ----- IDENT REF.EC
PROGRAM LENGTH 01157
ENTRY POINTS REFLEC 00207
BLOCK NiMES ,_,. _____, ,_ _ _ -

CONST 00003
INPUT 01243

_ ._. _ PRELIM 06,53--- --
FIELD 00462

EXTERNAL SYMBOLS
- -- ---- --- , QIQ02330__-

Q1004310
Q1002310

. __ .,___ 01003Q330 0
QOSDICT*
CVMAG

, SCAT - -------------------'----
SQRTF

00257 SYMBOLS
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rr
SuBROUTINE SCAT(I,J,FK,F,RPG)

C
C--_. SUPROUTINE SCAT CALCULATES THE VALUE'OF-THE-SCATTERED FIIELDJF-ELD
C F SCATTERED FROM PLATE J) AT POINT R
C
C PARAMETERS . _ .___ _____
C I = SOURCE PLATF NUMRER
C J * REFLECTOR PLATE NUMBER
C FK v WAVE NUMBER ___.___ -____-
C F = REFLECTED FTELD AT CENTROID OF PLATE J WHOSE SOURCE IS
C THE CENTROIn OF PLATE I (COMPLEX)
C_,- RP = POINT AT WHICH SCATTERED FIELD IS TO 8E EVALUATED- _

C G ' FIELD AT POTNT R ARISING FROM THE SCATTER OF FIELD F
C FROM PL*TE J

COMMON/CONST/PI TWOPICM
COMMON/INPUT/ITITLE(10)o XLMDAVV(3) ,ET(3) RT(3) ,D(3) ,NBOUNDMP,

- .. 1 NV(50) V(39 4950). . __ _________-

COMMON/PRELIM/MWAVFNMVC(3,50),VNORM(3,50),VA(50),VASUMtXLAM(50),
1 XK(5019R(3;31,30)

DIMENSION VIJ(3t, W13)9 WN(31 _ .. ... ___- _______-___ _________________

UTMENSION F(3), FP(3)o RP(3), G(3)t RV(3)9 DELV(3)
COMPLEX Fe FP, Go CF, XFACT, To TN

C CIJRRENT DIMENSIONS ALLOW UP TO 30 REFLECTORS (PRELIM) AND
C UP TO 4 (INPUT) VERTICES PER REFLECTOR
C - -- IM.PUT IS DIMENSIONLD FOR.50 REFLECTORSR
C

EPS 5 0.001
C , . . .._____

C

C.. C.LCULATE FIELD.WITH PHASE SHIFT-
C CHECK FOR TRANSMITTER (I a 0)

IF( I .EQ. 0) GO TO 3
. -- DO 2 K = 1,3 .-.----3.. _ ____

VIJ(K) ' VC(KJ) - VC(KI)
? CONTINUE

GO TO 5 - ..... .- -- -
3 0o 4 K = 1,3

VIJ(K) = VC(KJ) - RTfK)
4 CONTINJE -- - - ------ '_---- '-.
5 VTJM = SQRT( VIJ(1)*VIJ(1) * VIJ(2)*VIJ(2) * VIJ(3)*VIJ(3)

A,4G FK*VIJM
CF= C4PLX(COS(ARGL'VlJMSIN(ARG)/VIJ --)- - ---.-

C
Do 6 K = 1,3

FP(K() = CF*F(K)- -- - -- ---------..-.-- ____

6 CONTINUE
C
C CHECK IF FIELD SOURCE AND FIELD RECEIVER RP ARE ON SAME SIDE OF------
C PLATE J

Do 7 K ' 193
RV(K) = RP(Kt - VC(K9J) - , .. .

7 CONTINUE
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. RvM c SORTCRV(11*RV(1t I.RV(21*RV(2Z)+..RV13)*RV(331
DoT w 0.

C
_._.DRVN 3 0-. _ ___ ___ _______

DO 10 K = 1,3
DRV4 * DRVN t RV(K)*VNORMIK.J)

.10 CONTINUE-_ ----- _------_-- - - - -
IF(DRV4 .GT. 0.0) On TO 25
Dn 20 K = 193

-.- -,- (K) _ (Os.,0._. --_,_ ._____,_
20 CONTINUE

Go TO 95

C NORMALIZE VIJ AN9 RV VECTORS
C 1;NITIATE W VECTOR

25 DO 2? K =13 .. ___--
VIJ(K) = VIJ(K)/VIJM
RV(K) = RV(Kt/RVM
W(Ki 5 V7.1iKT - DV(If_

27 CONTINUE
C
C -- - - - --__ .. _ __. , _ _ __ _ ____

DUT r 0O
Do 28 K = 193

, DOT = DOT +WMK)*VNORM(KJr_
28 CONTINUE

C
- - - . .- C2ao.__.__............ ____ _ _.________________________... ___

Do 30 K = 193
W(K) = W(K) i DOT*VNORM(KJ)
wM2 = WM2 +. W (K) *W K

30 CONTINUE
C
.C-. CHECK FOR SPECULAR PE ELECTION
C

IF (WM2 .GT. o.0* 6.n TO 45
C - ... _..- _ _ _ _ _ _ _ _ __....... _ _ 

C SPECULAR REFLECTION IN DIRECTION OF RP
WS = (FK*DRVN*Vb(J)f/fWOPI
A4G t FK*RVM
CF = CMPLX(WS*SIN(APG),-WS*COS(ARG))

C DO 40 K a 1,3 -- -. ------------------------- --

G(K) = CF*FP(K)
40 C)NTiNUE

Go TO 95 --- -- -.-

C
C HEGIN EQ. 496

45 DjiT : o .---- _ ___ _ __ _ __-
Do 50 K ' 193

DOT = DOT + IRV(K) VIJ(K))*VNORM(KtJ)
- 50 CONTINUE ---- - ----- - --

C
WI 20T/(WM2*2.O*TwOPl*RVM)
A,4G FK*RVM
XFACT , CMPLX(WS*C0%(ARG> WS*SIN(ARG))
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T * (0,0.)
NN NV(J)

___ uq MS Na 1,NN _ ___- ....... -
NI * N + 1
IF(N1 *GT. NN) NI * 1....- . DO 55-K = 1,3 - _______

OELV(K) * V(K*N1,Jb - V(K*NtJ)
55 CONTINUE

C--. - . --. - .... .._ ._._ ..__ __ _ ____ ..................................... _

DOT a 0.
00 60 K = 1.3

- .- - DOT = DOT_+. wK)*DELVYLK)
60 CONTINUE

IF(DOT .NE. O.Ot GO TO 65
-- - S= 1.0 ._ _ _ _ ___ _, _-

GO TO 70
C

65 W. S s FK*DOT - _.__.. __ _-__
S = SIN(WS)/WS

C
C WN = (W)X(VNORM) _ .. ____

70 WN(l) = W(2)*VNORM(3,J) - W(3)*VNORM(2tJ)
WN(2) = W(3)tVNOPM(1,J) - W(1)*VNORM(39J)

... _WN(3)-= W(I)*VNORM(2tJ)----W(2)*VNORMtliJ)
C

DOT a 0.
- - _ . . . .DO 75 .K = I ,3 - - . __ ____ _____ ____ _. __ _ __ _ _ ., __

DOT = DOT + WN(K)*DELVMKE
75 CONTINUE

WS = . S*DOT. _----

C
C
--- --- -----.-DOT .=. _

DO SO K 5 1.3
DOT = DOT + WK)*(V(KNJ) + V(KNloJ))

80 CONT INUE----- ---
C

ARG _ FK*DOT12*
C

TN = CMPLX(WS*COS(ARG>9WS*SIN(ARG))
T 3 T + TN

C . ....-..- .___ _____

85 CONTINUE
C
C SCATTERED FIELD -_--_.-___-----

00 90 K = 193
G(K) = T-XFACT*FP(K)

90 CONTINUE - ------------- - ------------
95 RFTURN

C
,, - Et-in - -------- -
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-- - --- ---- - --- -- - - -I OENT--SCAT-
PROGRAM LENGTH 00765
ENTRY POINTS SCAT 00030
*BLOCK NAMES _ ____,__ -

CONST 00003
INPUT 01243

. PRELIM -- 06253-_
EXTERNAL SYMBOLS

0O104330
-- .- - QQ1002330_. _

QBQDICT.
SQRTF

._ -_ ---,_ SINF--__
COSF

00232 SYM30LS
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FUNCTION CVMAG(A)

FUNCTION CVMAG COMPUTES THE MAGNITUDE OF
THHEE-DIMENSIONAL VECTOR A

COMPLEX. AtSUM._
DIMENSION A(3)

_, , ,, SliM P O a _ , _ _
DI 10 I a 193

SUM = SUM * A(I,*CONJG(A(I))
_ 10 CONTINUE-_ _ __-___

CVMAG a SQRT(SUM)
RcTURN
END . .- -- -- '--- - -

--IDENT .__ CVMAC
PROGRAM LENGTH 00111
ENTRY POINTS CVMAG 00003
EXTERNAL SYMBOLS __-______

Q1004330
Q1Q02330

__ ...... . Q8QDICTi-.......----
SQRTF

00031 SYMBOLS
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SUBROUTINE PRNT(RP.PRTL9KEY)
C
,-C _,SijBROUTINE PRNT PRINTS THE-DIRECT-AND.-SCATJEREDFIELD SPREC RUM
C EVALUATED AT POINT RP
C

, COMMON/CONST/PI TWOPI ,CM._ ___
COMMON/INPUT/ITITLEI1O) XLMDAVV(3) ET(3) RT(3)tD(3),NBOUNDMP,

1 NVt50),V(39 4950)
__. _ .- COMMQN/PRELIM/MWAVFNMVC(3,50) ,NORM 3-50 )S VAt501 -YVSUM*Mlt } 

1 XK(509,R(3.31,30)
COMMON/FIELD/ED(3)*FS(3950)

....CUMPLEX ED.ES
INTEGER WT
DIMENSION RR(I)v PRTL(1)
COMMON/FLAG/IFLAG --- --

C
C CURRENT DIMENSIONS ALLOW UP TO 30 REFLECTORS (PRELIM, PROJ) AND

.C - .- UP TO 4 (INPUTv PROJ) VERTICES PER REFLECTOR
C INPUT IS DIMTNSInNtD FOR 50 REFLECTORS
C

.... T C 6-1 . . . . . . . . . . . . . . . . . _ _

C CwECK FOR INITIAL ENTRY
IFtKEY .GE 0) GO Tn 10

--.r. WPITE HEADING-_ _-

Go TO (596). IFLAG
5 ErDP = CA6S(ED(lt)*2
Go TO 7. .___ _ __ _

6 CONTINUE
C Y COMPONENT POWER

EDP = CABS(ED.(211-P2-
7 CONTINUE

XFREQ = WAVENM*CM/TWOPI
-._. W.WRITE (WT9110) fRP(K) .Kc1I3)9...XFREQ.tFDP

110 FORMAT(//dX1llHFIELn POImt,5X94HX = ,E1133X94HY = ,EI113,3X
1 4HZ = 9El1.l////21X,12H0IRECT FIELD/13X91OHFREGUENCY *1OX0
2 .. . 5HPOWER// 8X9E15.7s8X9EIO2 //19X915HSCATTERED FIELD/13X+.,
3 1OHFREOUENCY ,1OX,5HPOWER,15X,3HN/Sol5X,7HLOG N/S//)

LINECT x 5RrTURN - -- ------ -- ------ ----- -- ----------
C

10 CONTINUE
Go TO (15.20), IFLAG _ __ __ _

15 Do Id I = 1,M
IF(PRTL(I) .EQO -1) GO TO 18
ESP = CABS(ES(1.9T))*2. .-.-. _ -. _ -------- ._. -

RSV a ESP/EDP
RSDL S ALOG1O(RSn)

WRITE (WT9120) PRTL(I), ESP, RSD, RSDL-_
LTNECT = LINECT + I
IFvLINECT *LT. 6u) GO TO 18
Ww-ITE(WT9130)
LINECT a 1

18 CONTINUE
HBTURN -- ----- - ' -' ----

20 Uo 30 I a 1,M
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- ---- IF(PRTL(I)-.EQ. -1.) GO-TO--30 m,
ESP a CASS(ES129T))**2 c
RSD U ESP/EDP
RSDL a ALOG1O(RSnflI.___

WPITE (WT,120) PRTLUI), ESPY RSD, RSDL
120 FoRMAT(8XEl5.7,7X.FlO0.29XEI0.3,10XE10.3/)

_. .LTNECT = LINECT + 1-----
IF(LINECT *LT. 60) GO TO 30
WQITE(WT9130)
LiNECT a..1.

130 FORMAT(IHl/)
30 CONTINUE.C_-- _ .

C
ReTURN

- ENO _. - . . ____ , ,,__ __... ....__ ____ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

_ - D. _._ __ ___ --RNP
PROGRAM LENGTH 00451
ENTRY POINrS PRNT 00114

-- _ BLOCK NgMES _ __-_._ __-
CONST 00003
INPUT 01243__ _ -PRELIM_ _- 62S3
FIELD 00462
FLAG 00001

EXTERNAL SYMBOLS _-
THEND.
Q8QDICT.
ALOG1'O
CABS
STH.

-__- ,_ SYM, OLS QNSINGL*
00145 SYMBOLS

LOADRUN,2,3500 .
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