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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 6, where 8 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 [1] 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 T + T9 + ... + Ty, where each Tj 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& = 27/A.

Let x1, x9, x3 be rectangular coordinates, and let S lie in the x;x9 plane. Define R, 8, ¢
to be spherical coordinates, where

x1 = R sin 6 cos ¢

X9 = R sin § sin ¢

x3 =R cos 6.

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 g,, the standard far-field approximation of the
scattered field at P, is given by

_. kR :
5 =|: ik (1: (;)s 0) et fe_,kx . "dxldx2:| f., 1
i N

where

+ = incident field f reflected from and evaluated at S,
X =[x1, %],

and (2)
v = [v1,vg] = [sin 6 cos ¢, sin 8 sin ¢].
(See Refs. 2 and 3.)

For the finite-sum representation, let S be a flat polygon with N vertices ay, ..., ay,
where each vertex a; is a 2-vector in the x1x9 plane. Set ay+;1 = a;, and define Aa, =
ap+1 ~8p, 1 < n < N. Definen 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” £; and the unit normal to the reflected wave by §,, which is given by

£,.=& -2(¢ - m)n. (3)
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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 = |R| represents a “mean” distance from S to P, and let p be the projection
of R onto the plane of S:

p=R-(R-n)m (4)

Define w to be the projection of [¢ - (p/R)] onto the plane of S. Since the projections of
& and §&; onto the plane of S are equal,

- e~ L= £ (£ _P -
w=2£& - (& nn R Ei-(&imn 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) forw # 0,
R
B-5) " o Tw)f 6
= Ty + ...+ ,
g =~ (1 N (6)
where, for 1 < n < N,
R
sin|—w -Aap .
|:2 :l ik
Tn = [(wX m) - Adp] —==———="exp PRl (an + an+1) | (7)
I:—w -Aan}
and
(b) for w=0,
R eikR
=-ik[—- Af,, 8
% |:R ]27712. P (8)

where A is the area of S. Note that geometrically w = 0 implies £, = 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.

A3TITSSYIOND
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MODEL DEFINITIONS AND PRELIMINARY CALCULATIONS
Let
Er = [E7x, ETy, ET:] = transmitted radiation
(indicating polarization),
A = transmitting wavelength,
and

Rt = [Xp, Yp, Z7] = coordinates of transmitter,
assuming a right-hand coordinate system.

Define the reflector S by specifying
N = number of vertices of the reflecting polygon
and
Vi = [Vax, Vny, Vnz] = coordinates of the nth vertex, 1 < 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,

_V1+V2+...+VN

vC 9
N (9)

and n the unit normal to the plate,
_t (Vi - VC) X (Vg - VO) (10)

V1 - VC| [Vg - VC|
where the sign of 0 is chosen so that % points into the half space containing the transmitter,
(R -VC)-n=0.
The unit normal to the incident plane wave, ;, is given by

VC - Ry
A AL 11
¢ VC - Ryl (11)

and the unit normal to the reflected wave, &,, which is obtained by reflecting &; about 7, is
given by
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£ =&~ 2(§ m)n (12)

Fig. 1 illustrates a typical single-reflector situation.

T
(TRANSMITTER)

(RECEIVER)

Vs

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 Ap, each with a vertex at VC (Fig. 2),

Fig. 2 — Division of the reflecting
polygon for the area calculation

5
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so that

1
Ay, =Z[2(a2b2 + b2c2 + c2g2) - (a4 + b4 + c4)]1/2, (13)

where
a= |Vn—‘1 -VC|, b=1V, - VC|, ¢c= IV, - V,_1l. (14)
Thus it follows that

N
A=Y Ay (15)
n=1

FIELD CALCULATION FOR A SINGLE REFLECTOR

Let Rp = [Xp, Yp, Zp 1 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

Er - (Rp-Rrp)
IRp - Rri2

exp (ikIRp - Ryp)
- ) 16).
] (Rp - Rr) IRp - Ryl (16)

Ep(Rp) =\ ET '|:

The scattered-ray component of the total field consists of the radiation reflected from
the surface 8 and scattered in the direction of P. The direct field at the centroid VC of
plate S is

Er-(VC- R
Ep-| SL D\ (ve - Ry,
IVC - Rp|2
F= an
{VC - Rrl,
which, on reflection from S, becomes
Fr = [2(F -n)n- F] exp [ikIVC - Rrl], (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 Egs. (6) through (8), to the reflected field F, to
obtain the scattered field at R,. However, if the source R 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 R, since shadowing is not currently considered in this model. In this
case, no further calculations are made. Assume therefore that Rp and R are on the same
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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

R=Rp- VC, (19)
and
R = |RI. (20)

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

p=R- (R -9y, (21)

and the projection of [£ -~ (p/R)] onto the same plane is given by

= p— . -—£= " .. —_p
w=£&- (¢ "m)n R & - (& mn R’ (22)

since the projections of &, and &; onto S are equal. Figure 3 illustrates the geometry in-
volved. .

P

Fig. 3 — Geometry for the calculation of w
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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/R, the scattered-field component
is given by Eq. (8), yielding

Esc(R TILLOY iy O 23
sc(Rp) = \-ik| - m or R re (23)
If w # 0, then by Egs. (6) and (7), the scattered field component is
R
(E g’) "7 iR %
Esc(Rp) = s Tn| Fr, (24)
W-w  47R n=1

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

Clk

sin [EW . AV,;]
k

[5 w AVn:l

AV, = Vpi1 - Vp,

Tn = [(wX M) AV,]

ik
exp [5 w e (Vy, + vn+1)] (25)
in which

(26)
VN+1 = V1 .

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

E(Rp) = Ep(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 81, Sg, ..., Sy, where
2 < M < . Asin the case of a single reflector, let
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Er = (E1x, E7y, ET2)
be the transmitted radiation, and let
Rr = [X7, Y7, Z7]

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

Vie = [Vikxs Viey, Vikz]
to be the coordinates of the kth vertex of S;, 1 < k2 < N;. Then
(Vi1 + Vig + ... + Vin))

i N

1

VC

(28)

is the centroid of the ith reflecting plate, and

=t (Vi1 - VC;)) X (Via - VCy) 29)
! Vi1 - VCil Vi2 - VG|

where again the sign of 9; is taken such that
(Rt - VC;) -m; > 0,
is the unit normal to S;.

Let A; represent the area of the ith plate, so that

Nj
A;=3, D, (30)
n=1
where
[2(a2b2 + b2¢2 + ¢2q2) - (a4 + b4 + c4)]1/2
Ain = >
4
a = |Vin-1) - VGil,
b=1Vin - VCil,
and

¢ = 1|Vip - Vin-1)l

AITITSSYIINN
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Define R;; to be the unit direction vector from the centroid of reflector S; to the cen-
troid of reflector S;. Thus

_VC; - VC;

= 31
Y VG - VG (31)

for 0K i< M, 1<j<M,i#]

Note that Rg; = (VC; - Rr)/IVC; - Ryl represents the unit vector from the transmitter
Rt (indicated by subscript 0) to the centroid of Sj, which is the quantity defined as &
in Eq. (11) for the single-reflector case. Thus each R;; gives the direction of radiation
originating from reflector S; (radiation actually being scattered from S; when i # 0) in-
cident on reflector S;.

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 S;, 1 <i< M, are the centroid VC;, the normal %; to the plane containing S;, the area
A;, and a set of unit direction vectors R;;, 1 < j < M, j # i, which point from S; to each
of the other reflectors S;. Note that the indices i and j as used here denote reflectors;
when used together, such as in R;j, 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<kR<N;, 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 S; and the corresponding
computation of the direct field at VC; due to transmission from Ry, minus the phase
factor, given by

Er - (VC; - Ep)
Er - [ lVC-—lR B (VC; - Rp)
Fo(VCy) = T : (32)
IVC; - Rpl
If the magnitude of Fg falls below the threshold,
A;|E
IFo(vepl < —AlED®L_ (39)

Aq +A2+...‘f‘AM

where the weighing factor e is selected by the user and Ep(Rp) is the direct field at P,
then the field contribution of F( scattered from S; to the total field at P is considered
negligible, and S; is replaced as an initial reflector. However, if Fq(VC;) exceeds the thres-
hold in Eq. (33), then |Fo(VC;)| is reflected from S;, with the appropriate change in phase,
so that the reflected Fg;(VC;), evaluated at the centroid VC; is given by

Foi(VG) = [2Fo(VC;) - mi)m; - Fo(VC))] - exp (ikIVC; - Rrl). (34)

10
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Note that the subscripts of F trace the history of the radiation involved; thus 0/ denotes
radiation from Ry reflected from S;.

Let G; (Rg) represent the reflected field Fg; scattered by S;, evaluated at the arbi-
trary point @. By Egs. (6) and (7),

1 Rg - VC; _eik|Rg - VCil
Gi(Rg) = - Ro; To | Foir 35
i(RQ) W W [(lRQ - VGl Oz> 41T|RQ VG| Z 0i (35)
where
w = [Roi - (Rg - VC)] -{[Roi - (Rq - VCI - mi}m; (36)
and
R
sm[—zw . AV,J i
n = [(w X n;) 'AVn]*‘k— exp[—ZW “(Vp + Vn+1):| , (37)
[—w . AV,{I
2
with
AVy = Vin+1) - Vi)
and (38)

Vin+1y = Vit

for 1 < n < N;. Thus in particular the value of the field at P resulting from the scattering
of Fg; from S; is given by G; (Rp), and the value of the scattered field at the centroid of
each of the reflecting plates other than S; by

G; (VC),1<j<M,j+1i.
Consider a second reflector S;, j # i. If, as in Eq. (33),

eA;|Ep (Rp)l

IG;(VC))I <
{VCy) Al +Ag+ ..+ Ay’

(39)

then the contribution of any further scattering of this ray path is taken to be insignificant,

and the path (R7 to S; to Sj) is abandoned. Consequently a new second reflector Sg,
k # 1, kR # 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 S; exceeds the specified threshold. The path

11
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(R to S; to §;) is then pursued. By Eq. (34) the field due to the reflection of Fg; at
the centroid of S; is given by

Foi = [(2G; -mjmj - G;l (40)

Let G;; represent the scattering of Foj; from S;, as given by Eq. (35). Then Gyj(Rp) is
the field contribution of the ray path (R to S; to S; to Rp) to the total field at P. Like-
wise, G;;(VCp) is the value of this scattered field at the centroid of Sg foralll < k <
M, k # j. Third-level reflection, where a reflector Sp, k # 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 S;, 1 < i< 3,a
transmitter at Ry, 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 Ry, with the lowest indexed
available reflector S;. Thus path 1 is simply (R7 to S; 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 S1 and not previously selected) reflector in the second tier,

Sy, is chosen, so that path 2 is (R to 81 to Sg to Rp). Moving along to the third
level, path 3 becomes (Rp to S1 to Sy to S to Rp) through the selection of S1 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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Fig. 4 — Ray paths

diagram back to the second tier, to Sy, 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 (Rp to S; to Sg), so the selection of S5 on level 3 defines path

4 as (R7 to S1 to Sg to S3 to Rp). Note reflector Sy is ineligible for consideration at
this level for path base (R to Sy to Sg) since it would not constitute a distinct bounce.
Again attention is returned to level 2 at Sg since the third level allows no further re-
flections, but now all available third-tier reflectors for path base (Rp to S; to Sg) have
been selected in previous paths. Thus a second step back, to S on level one, is made.
From the vantage point of S1, with path base (R to S1), S3 remains as the only avail-
able reflector on level two, so path 5 becomes (Rp to S1 to S3 to Rp). Paths 6, as

(Rp to S to S3 to 81 to Rp), and 7, as (Ry to S; to S3 to Sy to Rp); follow in the
same way. Stepping down now to S; on level 1 reveals that all level 2 alternatives for
path base (Rp to S1) have been used (namely Sp and S3), so the next lowest indexed
reflector on level one, reflector Ss, is selected. Thus path 8 is (Ry to Sy to Rp), and
the whole process described previously for S; is repeated. When attention is returned

13
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to the initial level for the third time, the remaining reflector Sg 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.

Table 1
Paths and Corresponding Field Contributions
Path Number Path Field Contributions
at Rp
0 Ry to Rp Ep(Rp)
1 Ry to S1 to Rp G1(Rp)
2 Rp to Sy to Sy to Rp Gi2(Rp)
3 Ry to S1 to Sy to 81 to Ry G101 (Rp)
4 Rp to S1 to Sy to S3 to Rp G123(Rp)
5 Ry to Sy to S3 to Rp G13(Ep)
6 R7 to S to S3 to S; to Rp Gi31(Rp)
7 Rp to S to S3 to Sg to Rp Gi32(Rp)
8 RT to Sz to Rp GQ(RP)
9 Rp to 83 to 81 to Rp G21(Rp)
10 Ry to Sg to 81 to S to Rp Ga12(Rp)
11 Ry to Sg to S1 to S3 to Rp Ga13(Rp)
12 Ry to S to S3 to Rp Ga3(Rp)
13 Ry to S to S3 to S1 to Rp Gog1(Rp)
14 Rq to Sy to S3 to Sp to Rp Gogo(Rp)
15 Rt to Sg to Rp G3(Rp)
16 Rp to S3 to S; to Rp G3i(Rp)
17 Rp to Sg to S1 to Sy to Rp G312(Rp)
18 Ry to 83 to S; to S3 to Rp G313(Rp)
19 Ry to 83 to S to Rp G3a(Rp)
20 Ry to Sg to Sg to S to Rp Ggoi(Rp)
21 Ry to Sg to Sy to 83 to Rp G3o3(Rp)

14
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The general expression for the total field at the sample point P is thus

M M M

Er(Rp) = Ep(Rp) + 2, |Gi(Rp) + 25 [G:-;-(R:») + 2 [6Rp)n
i=1 =1 k=1
' ;;ki ki

M
v+ Y [6Rpg . nl ] | | (41)
n=1

n#n-1

where Ep(Rp) is the direct field at P, G;jx (Rp) is the field contribution at P due to
path (R to S; to Sj to S 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 6, 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 S; have wavelength A; given by

_l[(vci- Rr) - WV |

AT A

b

c IVC; - Rrl

where c is the speed of light.

Let E;(Rp) be the component of the field at P due to all transmissions originating
at R initially scattered from reflector S; (the field component at P with wavelength
Ai). Then

M M

Ei(Rp) = Gi(Rp) + Gij(Rp) + D, [Gijk(RP) + ..
j=1 k=1
J#i ki

(42)

M
+ Z [Gijr ... 1] ] )
n=1

n#n-1
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and the total field at P as given by Eq. (41) becomes

M
Er(Rp) = Eo(Rp) + X, Ei(Rp), (43)

i=1

where |E;(Rp)| represents the line in the energy spectrum at P corresponding to wave-
lenth A;.

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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. .PROGRAM. FIELD ... ...

. COMMON/CONST/PIoTWOPI9CM —

10

Appendix A

SOURCE PROGRAM LISTING

PROGRAM FIELD CALCULATES THE ELECTROMAGNETIC FIELD DUE TO MULTIPLE
SCATTERING BY A COLLECTION OF FLAT METALLIC POLYGONAL REFLECTORS.

.-
GIVEN a SET OF RADAR PARAMETERS, THE TRANSMITTER POSITION, AND THE ___
VERTICES OF A COLLECTION UF FLAT POLYGONAL REFLECTORS, THE FIELD
PRODUCED AT ANY SPEGIFIED SAMPLE POINT (RECEIVER) CONSISTS OF THE
OIRECT RAY COMBINED WITH INDIRECT RAYS RESULTING FROM MULTIPLE
SCATTERINGS FROM THF REFLECTORS,

THE PROGRAM TRACES THE TRANSMITTED RADIATION THROUGH ALL pOSSIRLE .
PATHS AMONG THE REFLECTORS, CALCULATES THE VALUE OF THE FIELD

AFTER SCATTERING BY EACH REFLECTOR ENCOUNTEREDes AND THEN SUMS ALL
CONTRIBUTIONS 7O ARRIVE AT THE TOTAL FIlELD,.

FNR DOPPLER SYSTEMS, A USER SPECIFIED VIRTUAL VELOCITY VECTOR IS
ASSOCIATED WITH EACH ARRAY TRANSMISSIONy PRODUCING AN ENERGY __ R
SPECTRUM BY WAVELENGTH OR FREQUENCY FOR EACH FIELD POINT SAMPLED,

 JANUARY, 1975

COMMON/INPUT/ITITLE(IO)!XLMDA!VV(3)'ET(3)lRT(3)|D(3)0NB°UND MP,
NV{SU) 4V {39 4450)

CUMMQN/PRELIM/MoUAVFNHch(3u50)uVNORM(BnSO)sVAlSOloVASUM'xLAMlSOL;_____
1

XK (501 yR (3431430)
DIMENSTION RP(3)s PRTL(50)

CURRENT DIMENSIONS aLLOW UP TO 30 REFLECTORS (PRELIMs PROJ) AND
UP TO 4 (INPUTy PRUJ) VERTICES PER REFLECTOR
__INPUT IS DIMENSIONED FOR 50 REFLECTORS

P1 = 3,1415927
T4OPl = 642831853 . N
SeEED OF LIGHT IN MFTERS/SEC
C+ = 2,998E08

Reap IN DATA

CaLL READIN

DETERMINE GEOMETRICAL QUANTITIES NEEDED FOR.SCATTERING.
CALCULATIONS

CiLL SETUP

INITIALIZE FIELD POINT GENERATOR . o
N = 0

CalLL FPGEN(NP4RPy I}

IF (NP oLTe 0) GO TO.50. —

CaLculaTE DIRECT FIFLO AT RP

CrLL OIRECT(RP)

CalLCULATE SCATTERED FIELD AT RP . . o o e e e e
CaLl. REFLEC(RP.PRTL 4 NBMAX)

PRINT DIRECT aANO SCATTERED FIELDS AT RP

CallL PRNT(RPyPRTL 1Y . S
Gn TQ 1o

17
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50 CONTINUE
END

e e ——~JDENT.

FIELD

'BthRAa“tENG?Q”M_VM 00146
ENTRY POINTS  FIELD 00070
BLOCK NaMES . ...

CONST 00003
INPUT 01243
PRELIN __. . _06253___

EXTERNAL SYMBOLS
QBQENTRY
. QBADICT,

READIN
SETUP
FPGEN

DIRECY
REFLEC
PRNT

00053 SYM3OLS
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'SUBROUTINE FPGEN(NP.RP,1D)
c
C-...  THIS SUBROUTINE YO RE FURNISHED BY. THE .USER

A3TITSSYTIINN

c
c SUBROUTINE FPGEN GENERATES THE FIELD POINT RP AT WHICH THE DIRECT
L .. ... AND SCATTERED FIFLUS ARE_TO BE EVALUATED

PARAMETERS
.- NP = FIELD POINT.STATUS _ . (NP.=.0. FOR.INITIAL-ENTRY)

RP = GENERATED FYELD POINT
1D = DATA SET ID

pnnbnn

COMMON/CONST/PT3TWORT +CM
DTMENSTON RR(3)
10 IF(NP .NEs 0) GO TO 20

INITIALIZE GENERATOR

|

THIS EXAMPLE WILL CALCULATE THE 10 SAMPLE POINTS
RP(]) = 100.'COS(N°PI/180.)
- RR(2) O,

RP(3) = 15,%SQRT(3e) + 100+#SIN(N*PI/180.)
FOR N FROM 1 THROUGH 40 ON 10 SUCCESSIVE ENTRIES

pooononno:

CNvAX 3 10
CANST = 15.0%SQRT(3,0)

il RD(Z). =‘.0.__ .
N = 1
N=0

@0 N N @ Yo

IF(N «GTs NMAX) GO TO 30
FN =2 N » ]
e ARG ® FN#P1/180. —_—

Re(1) = 100+*COS{ARG)
RP(3) = CONST « 100.'SINtARG)
Re TURN S ——

30 Np = -1
Re TURN
E«D o e e i e e o et e et e 1 -

S _IDENT _____ FPGEN

PROGRAM LENGTH 00136
ENTRY POINTS  FRGEN 00003
BLOCK NAMES ___

CONST 00003
EXTERNAL SYMBOLS
e e e ... QBGDICT

SQRTF
SINF
e . ... COSF. —

00045 SYMBOLS
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SHJBROUTINE READIN

C
c__ SUBROUTINE READIN INPUTS AND PRINTS THE FOLLOWING DAYA
c ITITLE ‘= 8n CHARACTER RUN IDENTIFICATION
c xXLMDA = TRANSMITTING WAVELENGTH (METERS)
c . VVA(3) | = VIRTuUaAL VELOCITY (METERS/SEC). .
c ET(3) = TRANSMITTED RADIATION
c RT(3) = TRANSMITTER POSITION COORDINATES
c. .Dt3).. ... = DIRECTIUN ofF MAIN BEAM ___
o
C NBOUND = MAXe NOs OF REFLECTED BOUNCES ALLOWED
G MP .__ = NUMBER UF REFLECTING PLATES
c NV(I) = NUMBER OF VERTICES OF PLATE I
c ViKedel) = COORDYNATE K OF VERTEX J OF PLATE I
Com e - e e e e e e e e e e e e —
c
COMMBN/INPUT/ITITLE (10) s XLMDASVV(3) 9ET(3) +RT(3) 9D (3) yNBOUNDyMP,
R | i - NV{S0) 4V (39.4950)
INTEGER WT
c
o CURRENT DIMENSIONS alLLOW UP TO 30 REFLECTORS (PRELIMy_ PROJ) - AND —
C UP TO 4 (INPUTe PROJ) VERTICES PER REFLECTOR
c INPUT IS DIMENSIONED FOR 50 REFLECTORS
Com o e
c A;SIGN INPUT. OUTPUT LOG!CAL TAPE UNITS
IN = 60
... Wr = 61 . I I
RFAD(IVolOO) (ITITLF([)OI lolO)OXLMDAo(VV(I)oI=l|3)o(ET(I)'I’lo3)
1 (RT(I)el7193)9 (D(I)s1=193)9eNBOUNDyMP

100 FORMAT(10A8/8F10.3/5F1043/215). .. ..
WIITE(WT9200) (ITITIEL(I)sI= 1v10)0XLMDAv(VV(I)lI 193) 2 (ET(1) 9 I3193)
1 s (RT(I) 4I=193)y (D(I)sI=1,3)9NBOUNDyMP
. 200 FORMAT(1H1/10A8s/7/5%Xs L0HWAVELENGTHe16XsF1043//5Xe16HVIRTUAL. VELOCT
11v410X3F10e3//5X%1HTRANGMITTED RADIATIONoSX.JFIO 3//5%X+23HTRANSMI
2TTER COORDINATESy3X43F10,3//5X919HMAIN BEAM DIRECTIONs7X93F1063//
35X 16HYAXs NU. BOUN65$.10XQIlD//SX.ZlHNO.”REFLECTING PLATES »SXe_
4110}

READ (IN9110% (NV(I)oIZVaMP) o
110 FNRMAT(1615)
DN 130 1 = 14MP
N = NV(IY . . [, e e ——
READ(INs120) ((V(KiJoI)9K'103)¢J-19N)
120 FORMAT(8F10,3)
WRITE(WT9210) ¢ Ne ((VIKeJseI)sK=183)sJd=1oN) . . S —
210 FARMAT (///5X+SHPLATF11035X¢12HNO VERTICES»110//1X912F10,3)
130 CONTINUE

c. .- e e e e e, I —
(o]
Re TURN
EnND . J U p PP
. i JIDENT__ . READIN.
PROGRAM LENGTH 00510
ENTRY POINTS READIN 00134
BLOCK N:MES e e e
INPUT 01243
EXTERNAL SYMBOLS
I .. .THENDw ..
QBQDICT.
TSH,
e . STH. . ..
QNSINGL e

00}04 SYMBOLS 20
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SUBROUTINE SETUP

c
C__._ _SUBROUTINE SETUP MAKES PRELIMINARY GEOMETRICAL CALCULATIONS
c (COMMON PRELIM) DNEPENDENT UPON INPUT REFLECTING PLATE DATA
(o AND ALSO COMPUTES THE DOPPLER WAVELENGTH AND WAVENUMBER
L. . __ASSOCIATED .WITH FAGCH REFLECTING PLATE.
c
COMMON/CONST/PI»TWOPIICM
. COMMON/ZINPUT/ITITLE(LI0) o XLMDASVV () HET(3)9RT(3) 9D (3) yNBOUNDMP,
1 NV(50)4V(3y 4,450)
COMMON/PRELIM/MyWAVFNMoVC (3450) yWVNORM(3450) 9 VA(S0) s VASUMyXLAM(50) ¢
I | e XK(S50}9R(3,31,30)
UIMENSION C5(3)|V1V(3)'V2V(3)
[
c. CURRENT DIMENSIONS aLLOW UP TO 30 REFLECTORS (PRELIM, PROJ) ANp
c UP TO 4 (INPUTs PROJ) VERTICES PER REFLECTOR
o INPUT IS DIMFNSInNtD FOR 50 REFLECTORS
Co e e
C SET NU- OF EFFEETIVF PLATES EQUAL TO NOo OF PLATES INPUT
M = MP
c. [ et e
c CALCULATE CENTROID vC OF EACH PLATE
D0 3% U = 1M
Y of- 1 § B JUE TN | PR
c5(2) = 0,
cS(3) = 0,
. Nz N
DO 25 1 = 14N
DO 20 K = 193
. CSUK).% CS(K) % Vi{KeIsJ)
20 CONTINUE
25 CONTINUE
e - FitV=. FLOAT (N}
DO 30 K = 143
VC(KedJ) = CS(K)/FNV
. 30 CONTINUE. . . _
35 CaNTINUE
c
cC ... R . e
C CALCULATE UNIT NQRMAL VNORM TO EACH PLATE
DO 7Y U = leM
o VSl = 0e e PR
VS2 = 0.

DN 55 K = 143
VIVIK) =2 ¥(Ke10J) @ VCIKOJY e
V2VIRK) = V(KePod) = VCIKy D)
VST = VS1 & VIVIK)®VIV(K)
[ VS2 = VS2 + V2VIK)aV2V(K)
55 CONTINUE
VM = SQRT(VS1)#SnRT(VS2)
VHORM(Llad) = (VIVICI®#VRV(3) @ VIV(3)®V2YL2)I/VYM .
VNORM(2sJd) = (VIVI(3)®yaV(]) = VIV(1)#V2V(3))/VM
VNORM(3y9J) = (VIiv(1)#V2y(2) = v1v(2)~v2v(1))/VM
C - . CHECK SIGN AND NORmMalLIZE » A e
VNM = SQRT(VNORM(le)nVNORM(le) . VNORM(Z!J)'VNORM(Z.J) .

21
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Y . . VNORM (39 J)#VNORM({3sJ))
00T = 0,
DO 60 K = 143
L . DOT = DOT.+ VNORMIKeJ)#{VC(Ked) =~ RT(K))
60 CONTINUE
IF(DOT +GTe 0o) VNM = =VYNN -
DO 65 K = 193 .
VNORM (K, J? = VNORM(KvJ)/VNM
65 CONTINUE
70 CONTINUE e

000

..CaLCULATE AREA NA OF EACH PLATE
VASUM = Qe
Dn 85 U = 1oM
AREA = 0, . .. .
N = NvV(J)
DO B0 I = 14N
- As Q.. _
B = 0
C = 0.
c. .. COMPUTE SIDES OF TRIANGLE J .
IT =21 ¢
IF (I1 GTe Ny I =1}
.. .. D015 K 2 13 -
A= A ¢ (V(KoIoJ) - VC(KOJ))..Z
B 3B ¢ (VIKellyJ) = VC(KeJ))#a2
e C=2C & (VIKeIIgJd) = V(KsIgJ))ee2
75 CONTINUE
Cc CALCULATE AREA OF TRIANGLE J
ceeee —o—. DELA = SQRT(2,0%(A%B ¢ B#C ¢ CoA) = (A®A_» BB e C%C))/4,0
AREA = AREA ¢ DELA
80 CONTINUE
e - VACJ) = AREA
VASUM = VASUM ¢ AREA
85 CONTINUE

}
i
t

Cal.CULAYE PLATE (I=~1) TO PLATE (J) UNIT DIRECTION VECTORS R(K'I’J)
WITH RESPECT TO PLATE CENTROIDS vC .
NOTE leLEoIeLEoM+1 SO THAT I REFERS TO PLATE I-lo WHERE PLATE 0

IS THE TRANSMITTFR

C\LCULATE TRANSMITTFR (PLATE 0) TO PLATE J UNIT DIRECTION VECToRs
DA 119 U = 14M
VM = o Y R e e m e e e e e e e e e e o e e e e o i Saoam ot = n t = e m ot o ¢t ot 2t o mon e
DO 105 K = 1.3
VIVIK) = VCIKeJ) = RT(K)
. VM = VM + VIV(K)#V]V(K) —
105 CONTINUE
VM = SQRT (VM)
DO 110 K = 1,3 e e e e e e e e
RiKelod) = Vlv(K)/vM
110 CONTINUE
115 CONTINUE . e e e e e e e e e e e s e

OO OO0OOO
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. CALCULATE REMAINING DIRECTION.VECTORS
DO 135 1 = 14M
II =19+
DO 130 J = 1¢M
IF(J «EQes I) 6O TO 130
VM = 0, |

VIVIK) & VC(KsJ) = VC(Kel)
VM = VM ¢ V]IV (K)y*V]V(K)

_~120_._ . CONTINUE. ... . S

i - R{K9 11 0d). = N1V (K)LVM

... NS] = VS1 .+ CS(K)*CS(K)

o NeNeNe]

VM = SQRT (VM)
DO 125 K = 143

125 CONTINUVE
130 CONTINUE
135 CONTINUE... .  —

CHECK FOR DOOPPLER
VUM = 0,
DO 138 K = 193 -
VVM = VVM VV(K)’VV(K)
138 CNNTINUE
VVM = SQRT(VVM)
IF(VVM EQ.s 0,0F Go To 150
CALCULATE DOPPLER WaVELENGTH XLAM AND WAVENUMBER XK AS SEEN
BY EACH PLATE .. ..
DN 145 J = 1M

vSl = ¢,
e - . VSZ = 0. e —
DO 140 K = 193
CS(K) = VC(KsJ) = RT(K)

VS2 = VS2 ¢ VVI(K)#*CS(K)
140 CONTINUE
. Vg1l = SQRT(VS1) . - N
XLAM(J) = xLMDAocl.o - VSZ/(CM'VSI))
XK(J) = TWORI/ZXLAM{Y)
1645 CONTINUE LT T —
Gn TO 160

NO DOPPLER SN

CALCULATE WAVE NUMRFR
150 WAVENM = TWOPI/XLMNA e e e - f— — —
DO 195 J = 1M
xLaM(J) = XLMDA
. XK(J) = WAVENM. .. [
155 CONTINUE

160 KFTURN . . .. e e e e e e e e
E~D
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e e e et i e _IDENT__ SETUP
PROGRAM LENGTH 00740
ENTRY POINTS SETUP 00014
BLOCK NaMES .

CONST 00003

INPUT 01243
e et e ... PRELIM __ 06253
EXTERNAL SYM30LS

Q8QDICTe

... SQRTE

00203 SYM30LS

24



F 000000

c

c

10 CONTINUE

NRL REPORT 7876

""SUBROUTINE DIRECT (RP)

..SUBROUTINE DIRECT CALCULATES THE DIRECT_FIELD.COMPONENT._E£D. FROM__*_____
TRANSMITTER RT TO FTELD POINT RR

COMMON/CONST/PloTWOPIoCM. ..
COMMON/INPUT/ITITLE(IO)'XLMDA’VV(3)oET(3)vRT(3).D(3)vNBOUNDoMP,

1 NV(50)4V(3s 4950) .
COMMON/PRELIM/MyWAVFNMyVC(3950) s VNORM(3550) s VA(S50) s VASUMs XLAM(50) 4
1 XK(50)9R(3,31430)

COMMON/FIELD/ED(3) sFS{350)

_COMPLEX EDy .ES
CoMPLEX FAC
DIMENSION RP(3)s WS(3)

" CURRENT DIMENSIONS aLLOW UP TO 30 REFLECTORS (PRELIMs PROJ) AND
UP TO 4 (INPUTs PROJ) VERTICES PER REFLECTOR
e (INPUT IS DIMENSIONED FOR..S50 REFLECTORS

DIPOLE
ONnT & Dy - — -
Dn 10 K = 1-3
WS(K) = RP(KF = RT(K)
. DOT = DOT # ET(K)*WS{K)

w.2 = NS(I)“WS(!) + WS(2)*WS(2) + WS(3)*WS(3)
Wy = SQRT(WM2) .. -
Dw = DOT/WM2
CalLCULATE WAVE NUMARFR (INCLUDING DOPPLER IF PRESENT)
Do 12 K= Lle3 i e
DOT = DOT WS(K)“VV(K)
12 CONTINUE
FLAM = XLMDA#(1.,0_= DAT/(CM*WM))

WAVENM = TWOPI/FLAM
WKk = WAVENM#WM
FaC ® CMPLX(COS{WK) 4SIN(WK)).

D0 1% K = 1,3
ED(K) = (ET(K) - DN*WS(K))“FAC/HM
15 CONTINUE A e
PRINT
CalLl PRNT(prﬂpo-l)
ReTURN - e S

E\lD
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'PROGRAM LENGTH

ENTRY POINTS
BLOCK NsMES  _ _

EXTERNA|. SYM30LS

00075 SYMBOLS

LAURA C. DAVIS

... .. IDENT _____ _DIRECTY
00205
DIRECY 00006
CONST 00003
INPUT 01243
PRELIM .. _.. 06253
FIELD 00462
Q1Q04330 . _
Q1005310
Q8QDICT.
PRNT.
SQRTF
SINF
COSF_.
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. COMMON/CONST/PIsTWOPIeCM - e e

Cc
c.
c
C
c._.
Cc
c
c .
Cc
c
10
15
c
c ..
._ 20
C
Cc
o
Cc -
C
C
C
C
[

30
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" SUBROUTINE REFLEC (RPsPRTL sNBMAX)

SUBROUTINE REFLEC CALCULATES THE REFLECTED (SCATTERED) FIELD
COMPONENT ES(KeJ) FOR EACH WAVELENGTH XLAM(J) AT POINT RP

COMMON/INPUT/ITITLF(IO)oxLMDAoVV(3)oET(3)9RT(3).D(3)oNBOUND MP,
MV (50) oV(3s 4050)
COMMON/PREL IM/MoWAVFINM,VE(3950) s VNORM(3450) o VA(S0) s VASUMeXLAMIG0) 9y
XK(50)9R(3,31,30)

COMMON/FIELD/ED(3) sFS(3+50)
COMPLEX EDsES.CW ...
DTMENSION VJUT(3)y FNJ(3)4PRTL(50)

DIMENSION NB(50%
COMPLEX FsG . .. e
DIMENSTON NP(IO)oF(1n10),G(3)
DIMENSION RFK(3)

‘ CHRRENT DIMENSIONS ALLON UP TO 30 REFLECTORS (PRELIM) AND

UP TO 4 (INPUT) VERTICES PER REFLECTOR
INPUT IS DIMENSIONED FOR 50 REFLECTORS _

INITIALIZE SCATTERED FIELD COMPONENTS TO ZERO
DO 19 J = 1eM —
DO 10 K = 143
ES(Ked) = 0
CONTINUE
CONTINUE

I1NITIALIZE BOUNCE COUNTERS
Do 2V J = 1eM

NB(J) = 0
CONTINUE

SET EPSILON FOR FIE1.D STOPPING RULE
ErS = 0e01 .

CaLCULATE FACTOR FOR FIELD STOPPING RULE AT GIVEN PLATE
FaC = EPS*CVMAG(ED) /VASUM

4“'*QQDi&i'i#“i’i.‘QG'Q“Q“*"Q‘Q‘Q'QQQGQﬂ’li#QQ.##“'QIQQ’.{.I..Q'

U0 200 J = YoM e

Cal.CULATE DIRECT FIFLD AT PLATE J (SCAT PROVIDES 1/R FACToR)
D1pPOLE : - e e p— e
DNT & Qe
D0 30 K = 143
VJUT(K) = VC(KyJ). = RT (K} .
DOT = DOT + ET(K)#VIT¢K)
CONTINYE
VUTM2 = VJAT(1)®VUT (1) & vJT(2)#*VJTI(2) « VAT(3)®VITI(3)
VITM = SQRT(VJTM2)
Dv = DOT/VJTM?
Do 33 K = 163 - . e e e e - PO
FOJ(K) = (FT(K) - DVOYJT(K))
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33 CONTINUE .. __ -

c CHECK OIRECT FIELD AGAINST STOPPING RULE
. FuIN = VA(J)®FAC B -
FmpAG = SQRT(FOJ(1) #FOJ(1)  FOJ(2)*F0J(2) + FOJ(3)*FOJ(3))
IF (FMAG «LTes FMINY GU To 200
CHECK 30UNCE COUNTER AGATNSTMAXIMUM_ALLQWED
IF (NB(J) «GE. NBOUND) GO TO 200

o
o
C. INCREMENT BOUNCE COUNTER
NR(J) = NB(J) + 1
c
(v REFLECT_FOJ WITHW RESPECT _TQ PLATE J
DT = Qe
Do 49 K = 193
— DOT = DOT_e. FOJ(K)*VNORM(K? . J)
65 CONTINUE
Dn 48 K = 1493
— FiKel) = 2,0¥00T#VNORM(KeJ) = FOJ(K)
48 CONTINUE

COMPUTE FIELD COMPONENT AT RP.DUE_TO.SCATIER OF F (1) FROM PLAYE J
CaLL SCAT(O0gJsXK{J)4F(1s})9RPsG)

00 00

_ ____ADD. TO SCATTER. FIELD. COMPONENT_FOR_XLAM(J)
Do 89 K = 193
ES{Ked) 3 ESIKeJY ¢ G¢K)
55 CONTLNUE .. . __

BUHRBRRRRRRBPERR IR RO RER BRI EDORRERBRBORRRRRBSIRRBRBRBRAN RGN ROREn

" CaLCULATE TOTAL SCATTERED FIELD COMPONENT AT RP WITH WAVELENGTH
XLAM (J)
N3 (J) = MAXe NO. BOINCES INVOLVED IN COMPUTATION OF EIELD
COMPONENT WITH WAVELENGTH XLAM(J)
NPIN) = CURRENT PLATE NOe FOR NTH BOUNCE
. N = _CURRENT.ROUNCE NOs

cooonaonano

Ne(l) = J
D0 60 N = 29NBOUND... o
NP(N) =
60 CONTINUE
c IMITIALIZE BOUNCE SFQUENCE ... ...
70 N = 2
75 NP(N) = NP(N) ¢ 1
IF(NP(N) «GT, MY GO TO 9§ . ... . .
c CHECK FOR DISTINET ROUNCE
78 1f (NP(N) +EQ. NR{N=1}) GO TO 75
CoMPUTE F(N)y THE VALVE oOF FIELD F(N=1) SCATTERED BY PLATE NP(N=1) —
AT THE POINT VC(NP(N))
Npl = 0
16 (N o5Te 2} NPY = NPI(N=2) . .. .
NP2 = NP{N=-1)
CALL SCAT(NPY, NPZvXK(J)oF(loN-l)oVC(loNP(N))9F(19N))
FuIN = VA (NP2) 8FAC . e e et e e
FMAG = CVMAG(F (1¢eN))

00
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c
c

,,,,,, - 82 .CONTINVE.-— -

85 CONTINUE - oo

c
c
L
c
c

80

- 90
c
c
¢
c

o000

0000 000

c
c

95

200

IR (FMAG . LTe FMIN) GO .TO .78

,FINISHEDVHITHnwAVELFNGTuWXLAMlJL~C0NTRIBUTION~IO—EiELD
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REFLECT F WITH RESPFCT To PLATE NP2
DAT = Qe - vimiimeee
Dn 82 X = 193

DOT = DOT ¢ F(KeN)#VNORM(KINR2)

D 8% K = 13
F(KeN) = 2,0*DOT#VNORMIKyNP2) = F(KyN)

CaLCULATE FIELD COMPONENY AT RP DUE TO SCATTER OF F(N) FRoOM
__FLATE NP(N). S

CaLt SCAT(NPZ.NP(N)oXK(J)oF(lON)oRPoG)
ADD TO CURRENT SCATTERED FIELD COMPONENT _

Do 90 K = 143
ES(KsJ) = ES(KeJ) ¢ G¢(K)

CONTINUE oo

UPDATE MAXe NOo OF ROUNCES FOR THIS WAVELENGTH, IF APPROPRIATE
IF (N .GTe NB(JF) NR(J) = N -

STEP UP BOUNCE LEVEL
N=N ¢ 1.
IF (N LLE. NBOUND) rO T0 75

END OF BOUNCE STRING . ... _.
STEP BACK ONE BOUNCF LEVEL AND INCREMENT
N:N--l

If. (N oGTe 1)-GO TO.75

CONTINYE

BHRRPHRRRDRPRBRRGERGRIRIR R RERFRRRRRD RN RGN ERDRLIRRRP R RGO R G EnOEN

SET UP PRINT FREQUENCY ARRAY
Do 205 J = l'M — e e e e e ——
PRTLIJ) 3 CM/XLAM(J)

205 CONTINJE

220

225

CHECK FOR DISTINGT QCATTER FREQUENC!ES
M4 2 M e ]
DO 230 I = 14MM U
11 =1 ¢+ 1
IF(PRTL(I) +FQs =le0) GO TO 230
D0 225 J = IIeM. . o o .
WS = ASJSF (PRTL(I) = PRTL(J))
Ic{ WS «GTe 1000.) GO TO 225
DO 220 K = 443 . e e e e
ES(KsIT = FS(Ks1) ES(KOJ)
CONTINUE .
PRTL(J) = =len e o e e ¢ e e P,
CONTINUE

29
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-.-.230 _CONTINUE _ .
c

c DETERMINE MAXIMUM NUMBER OF BOUNCES

e .. . NBMAX = O0_.. . _ —

DO 235 U = 14M

IF(NB(J) +GTe NHMAX) NBMAX = NE(J)

.. .235 CONTINUE

o
ReTURN

R END -

e e e .. IDENT. REFLEC

PROGRAM LENGTH 01187

ENTRY POINTS REFLEE 00207

BLOCK NsMES . . .
CONST 00003
INPUT 01243

i e —. PRELIM. ... 06253
FIELD 00462

EXTERNA|. SYMRBOLS

s e Q1Q02330_ __
Q1Q04310
QlRo2310

e ... Q1003330
QBADICT,
CVMAG

e _..SCAT ...
SQRTF

00257 SYMBOLS
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 SUBRBUTINE SCAT(IvJeFKyFeRP,G)
___ SURRBUTINE SCAT CALCULATES THE VALUE OF _THE SCATTERED FIELD (FJELD
F SCATTERED FROM PLATE J) AT POINT R

PARAMETERS . _ . »°
1 = SOURCE PLATF NUMRER
J REFLECTOR PLATE NUMBER
FK WAVE NUMBER e ——
F REFLECTED FTELD AT CENTROID OF PLATE J WHOSE SOURCE IS
THE CENTROIN OF PLATE 1 (COMPLEX)
POINT AT WHICH SCATTERED FIELD IS TO. BE EVALUATED
FIELD AT POINT R ARISING FROM THE SCATTER OF FIlELD F
FROM PL:TE U

"nun

.. . RP
G

DOONONOOOONODO

COMMON/CONST/P14TWOPL s CM ‘
COMMON/INPUT/ITITLE(10) o XLMDASVV(3) 9ET(3) sRT(3)+D(3) ¢« NBOUNDMP,

1 U NVI(50)4V(3y 4950). .
COMMON/PRELTIM/MywAVENM Ve (3450) g VNORM(3450) o VA (50) 9 VASUMyxLAM(S0) o
1 XK(S50Y4R(3,31,30)
DIMENSION VIJ(3¥s W(3)y WN(3)_ .
DIMENSION F(3)y FP(3)s RP{(3)y G(3)s RV(3)» DELV(Y)
COMPLEX Fo FPe Go CFe XFACT, Ty TN

B e
c CURRENT DIMENSIONS aLLOW UP TO 30 REFLECTORS (PRELIM) AND
c UP TO 4 (INPUT) VERTICES PER REFLECTOR

C—— .. .IWPUT IS DIMENSIONED FOR. 50 REFLECTORS

ErS = 04001

CALCULATE FIELD WITH PHASE SHIFT
CRECK FOR TRANSMITTER (I = o)
IF( I +EQe 0) GO TO 3
e D2 K= 093
VIJ(K) = VC(KeJ) = VC(Kel)
CONTINUYE
60 Y0 § . e — —
3 DN 4 K 2 193
VIJ(K) = VC(KyJ) = RT¢K).
CONTINUE . e e e e
VIUM = SQRT( VIJ(LI#VIJU(1) ¢ VIJ(2)#VIJD(2) ¢ VIJ(3)#VIJ(3) )
AnvG = FK#VIJUM
CF = CMPLX(COS(ARGY /VIUMSIN(ARG) ZVIUM) . o oo

]

L8

Dn 6 K = 13
: FP(K) = CFOFUK) oo N
6 CONTINUE

CHECK IF FIELD SOURCE AND FIELD RECEIVER RP ARE ON SAME SIDE-OF— —— —
PLATE J
Do 7 K = 193
RVI(K) = RP(KY = VC(KsJ) - .- . o e s e
7 CONTINUE

OO0

31
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.. RUM = SORT(RV(13®RV (1) ¢ RV(2)#RV(2). ¢ RVI(3)#RV(3))

WS = DOT/(WM2#2,0%TWOPI®RVM)

ARG = FK#RVM J

XFACT = CMPLX(WS®COS(ARG) sWS®*SIN(ARG))

32

DAT ¥ 0,
c
e ,‘..;..DRVN 8 0o .
DN 10 K = 143
DRVN = DRVN ¢ RV (K)#VNORM{KsJ)
== 10 CONTINUE-.. - oo —
IF (DRVN +GTe 0.0) 60 TO 25
Do 20 K = 143
e . BHK) 2 (0e90e)
20 CONTINUE
Go 70 3§
S o S .
c NORMALIZE VIJ AND RV VECTORS
(v INITIATE W VECTOR
.. 25 D0 2T K = 13 .. . . .
VIJ(K) = VIJ(K)/VIJM
RV{K) = RV(Ky/RVM
R ~WIKY) = VIJ(KT_-= RY(K)
27 CONTINYE .
c
c... .. ... S
DNT = 0
Do 28 K = 143
... DOT = DOT & _W(K)®VNORM(KeJ)
28 CONTINUE
(of
o — w:v‘.z = 08 ...
Do 30 K = 193
WIK) = W(K) = DOT#VNORM(KeJ)
. WM2 = WM2 ¢ W(K)YBW(K) _.
30 CONTINUE
c
L. CHECK FOR SPECULAR REFLECTION
c
IF (WM2 «GTe 0.0) 60 TO 45
c ... . e e
c SPECULAR REFLECFYION IN DIRECTION OF RP
WS = (FK#DRVN#Va(J))/Twopl
A6 = FK*RVM e e e
CF = CUPLX(WS#SIN(ARG) y=wWS*COS (ARG))
c
0O 40 K = 193 e e
G(K) = CFeFP(K)
40 CONTINUE
, GO TO 95 . R e e e e
Cc
(o BEGIN EQs 406
.65 DOT 2 06 - o o e
DN 50 K = 14
NOT = DOT ¢ (RVIK) = VIJ(K))®VNORM(KysJ)
.. 50 CAONTINUE .. . et e
C



85

90
95

T T o (04906

CEnD
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NN = NV(J)
DO BS N. = loNN ___

Nl = N ¢ 1
IF(N)Y «GT, NN) N} = ]
. DO 55 K = 193 _ .

>

DELVIK) = VIKeNlyJ) = VI(KgNsJ)
CONTINUE

 DOT = 0.
DO 60 K = 143

i . DOT.= DOT_e. W(K)#DELV.(K)

CONTINUE
IF(DOT oNEe 0,0F GO TO 65
S 31,0 . -

GO 10 70
WS =z FK#DOT __.

S = SIN(WS)/HWS
_WN = (W)X (VNORM)

WN(l) = W(Z)’VNORM(3’J) -~ w(a)'VNoRM(ZoJ)
WN(2) = W(3)3VNORM(leJ) « W(1)®VNORM(3s))
. WN(3) = W(1)¥WVNORM(29J) = _W(2)*VNORM(12J)

DOT = 0.
DO 75 K = 143

DOT = DOT ¢ WN(K)*DELV (K}
CONTINUE
. WS = _S*DOT

.DOT =_0.._

DO B0 K = 143

DOT = DOT ¢ W(K}®(V(KeNoJ) ¢ V(KeN1lsJ))

CCONTINUE.

ARG = FK#D0T/2e
TN = CMPLX (WS#COS (ARG) yWS#SIN(ARG))
T=T++ TN

CONTINUE
SCATTERED FIELD. .. o

DN 90 K = 193
G(K) = T#XFACT#*FP(K)
CONTINUE . ... —

RETURN

33
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. _1DENT

[
O

-

PROGRAM LENGTH 00765
ENTRY POINTS SCAT 00030
_BLOCK NaMES L o
CONST 00003
INPUT 01243
e el ... PRELIM _ __06253_
EXTERNAL SYMBOLS
01004330
e .. .. Q1002330.
QBODICT.
SQRTF
e .__SINF
COSF
00232 SYM30OLS

34
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T FUNCTION CVMAG(A)

c

€. FUNCTION CVMAG COMPUTES THE MAGNITUDE OF THE COMPLEX
c THREE=-DIMENSIONAL VECTOR A

c

... COMPLEX AsSUM

DIMENSION A(3)

.SuM 2 Do _

DY 10 I = 193
SUM = SUM + A(IY#CONJG(A(I))
210 CoNTINUE .

CVMAG = SQRT (SUM)
ReTURN

END. . o

e . - JDENT.___CVMAG

PROGRAM LENGTH 00111
ENTRY POINTS  CVMAG 00003
EXTERNAL SYM30LS L.

Q1004330
Q1002330
e e .QBQDICTe-

SQRTF
00031 SYMBOLS

35
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"SUBROUTINE PRNT (RP+PRTLIKEY)

€ . _ _SUBROUTINE PRNT PRINTS THE DIRECT_AND _SCATTERED FIELD SPECTRUM
c EVALUATED AT ROINT RP
c

_COMMON/CONST/PI4TWOPICM__
COMMON/INPUT/ITITLEGIO)9XLMDA0VV(3)'ET(B)cRT(3)oD(B)’NBOUND.MP,
1 NV(50)4V(3s 4450)
o __COMMON/PRELIM/MsWAVENM,VE (3450) o YNORM(3450) 9 VALS0) o VASUMe XLAM(50) o
1 XK(50)9R(3,31,30)
COMMON/FIELD/ED(3) +FS(3950)
. ...COMPLEX_EDJES

INTEGER WT
DIMENSION RR(1)s PRTL(})
P COMMON/FLAG/IFLAG
Cc
c CURRENT DIMENSIGNS aLiLoW UP TO 30 REFLECTORS (PRELIM, PROY) ANp
L. . UP 7O & (INPUTs PROJ) VERTICES PER REFLECTOR
(o INPUT IS DIMENSIONED FOR S0 REFLECTORS
c
. Wy = 6]}
Cc CHECK FOR INITIAL ENTRY
IF(KEY +GEe 0) GO To 10
L .. WRITE HEADING. _.
Gn TO (5+6)s IFLAG
_ S ENP = CASS(ED(1lY)#e2
Go TO 7. _
6 CONTINUE
c Y COMPONENT POWER
. EDP = CABS(ED(2))%**>
7 CONTINUE

XFREQ = WAVENM®CM/TWOR]
o WRITE (WTe310) (RP(K) +Kele3)s XFREQ, EDP
110 FORMAT(//8Xs11HFIELD POINT95X94HX = sE114343Xs4HY = 4E114343Xs

4HZ = 9E11e3////21X912HDIRECT FIELD/13Xs10HFREQUENCY 910X»

... . SHPOWER// 8X1E]15,7¢8X9E10s2 //19X91SHSCATTERED. FIELD/13Xs
10HFREQUENCY 910X 95SHPONER915X9s3HN/S9135Xs THLOG N/S//)

LINECT = 5 ’

ReTURN ... R

W -

10 CONTINUE
Go TO (15+20) IFLAG _.. .. _
15 00 18 1 = 1l¢M
IF(PRTL(I) +EQe «le) GO TO 18
ESP = CABS(ES(let))uw2 R i
RSU = ESP/EDR
RSDL = ALOGLlO(RSNH)
wRITE (WT+120) PRTL(I)y ESPs RSDs_RSDL
LINECT = LINECT ¢ 1
IF(LINECT +LTe 6V) 60 TO 18
WRITE(AT130) e e e
LINECT = )
18 CNNTINYE
Re TURN . e e e
20 Un 30 I = loM

36
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e o JFAPRTLA(I) . oEQs =le) .GO_T0-30

ESP = CABS(ES{(247))0e2
RSD = ESP/EDP
I RSDL = ALOGIO(RSNY _____ ____

AITITSSYTIINN

WAITE (WT9120) PRTL(I)y ESPs RSDy RSDL
120 FORMAT(BX9ELS 79 7XeF10:s2¢9XsE1043910X9E10¢3/)
.. LINECT = LINECT ¢ 1

IF(LINECT oLT, 60) a0 70 30
WIITE(WTe130)
LINECT =.1.__

130 FORMAT(1H1/)

30 CONTINUE
.c :

o
ReTURN
- END—. -
— . N IDENT PRNT
PROGRAM LENGTH 00451
ENTRY POINTS PRNT 00114
. BLOCK NaAMES .
CONST 00003
INPUT 01243
I e PRELIM____ 06253
FIELD 00462
FLAG 00001
,,,,,,, EXTERNAL SYMBOLS =
THEND
Q8QADICT.
ALOG1n
CABS
STH,
U . ... ANSINGLs
00145 SYM30LS
LOAD
. RUN9293500_. _
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