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I. INTRODUCTION

In a preceding memorandum (No. 02142-502-M) entitled ""The Monopulse
Pointing Error Associated With a Two-Dimensional Conical or Ogival Radome
With or Without a Surrounding (Weak) Plasma', hereinafter referred to as S-L,
we described the motivation and background of the present study, and discussed
the procedures which are appropriate to the determination of the pointing error
in the two-dimensional case. In addition the analytical steps were described,
and a summary and print-out of the computer program were presented.

It was felt desirable to study the two-dimensional case in some detail
before attempting the more general and complex problem posed by a three-
dimensional geometry. This was undoubtedly a wise decision, and the knowledge
gained from a consideration of a problem whose geometry is sufficiently simple
to permit a direct interpretation of the results has enshlsd us to arrive at a three-
dimensional problem which is more efficient than might otherwise have been
the case. There is, moreover a certain degree of simplicity between the analyses
in the two cases, and a considerable similarity in the concepts.

The present memorandum is devoted entirely to the three-dimensional prob-
lem in which a plane wave of arbitrary polarization is incident at an arbitrary
direction on a rotationally-symmetric radome whose surfaces are described by
either linear or quadratic equations of stated form, corresponding to conical
and ogival radomes respectively. Wherever appropriate, reference is made to
the previous memorandum, S-L, for details which are common to the analyses
for the two- and three-dimensional problems. There are, however, numerous
features which are unique to the latter case, and these are described in Sections
II through V.

A discussion of the numerical procedures, including the choice of tolerances,
ray sampling areas, etc, is given in Section VI, and the Appendix contains a
listing of the computer program. It should be noted that there are actually two
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separate programs, one pertaining to the conical radome and the other to the
ogival one. This separation was found convenient because of the need for
numerical iteration to locate the ray intercepts when the radome is ogival.

In the two-dimensional case it was possible to run the program for a
wide variety of incidence angles and for a number of radome/plasma/polariza-
tion combinations , and to examine the nature of the resulting pointing errors.
Because of the much greater length (and hence, runaing time) of the three-
dimenional program, such detailed checking has not been possible in the present
case. Indeed, the funds that were available have allowed only those tests that
were required to de-bug the pregram and te give confidence that it will work
in any given case, together with a few runs of the complete program for single
incidence and polarization angles. The conditions under which these particular
runs were carried out, and the results that were obtained, are described in
Section VI, '

It is a pleasure to acknowledge the assistance of Dr. K-H Hsu with the

programming,
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II RAY TRACING PRESCRIPTIONS

The radomes considered here are assumed to be of single layer con-
struction and formed from a material which can be treated as a homogeneous,
isotropic and lossless dielectric whose permeability is the same as that of
freé space. The electromagnetic properties can therefore be represented
by a real refractive index 1, a typical value of which is 2.5 appropriate
to fibergiass in the GHz range of frequencies.

Two particular radome configurations are treated, namely, ogival and
conjcal. In either instance it is assumed that outer and inner surfaces are both
ogival or both conical, and formed by the revolution of a straight line about
some axis, or by the revolution of an arc of a circle about a chord. Although
the choice does permit the radome thickness to be non-uniform, it will be
appreciated that the type of thickness variation that is encompassed is dis-
tinctly limited.

The radome surface themselves are described in terms of a rectangular
Cartesian coordinate system (x,y, z) whose z axis is the axis of the radome.
For computational purposes it is convenient to choose the origin of coordinates
at a small but non-zero distance £ to the left of the radome tip (see Fig.1).
In the ogival case, the outer surface can then be defined as

Pouter = /A2+32-(z-c)2' -A (1)

valid for z > C-B , where p '-'sz-iyz ; A,B and C are positive real numerical

constants in terms of which the maximum diameter of the radome is
2 (VA2+p2 -A)

occurring at x = C, the (longitudinal) radius of curvature is
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R=)a2+p%

and £ = C-B. The overall length of the radome is 2B, but in practice interest
is confined to that portion of the interior extending to at most the position of the
maximum diameter, i.e. to z < C. The inner radome surface is defined in a
similar manner.

For the conical radome the definitions of the radome surfaces are more
straightforward, and for the outer surface we have

p=a(z-1) ()

valid for z > £ , with a similar definition for the inner surface.

The electromagnetic field incident on the radome 18 assumed to be a
uniform plane wave of arbitrary polarization propagating in an arbitrary
direction. It is convenient to write the electric vector as

- ik(¢ x +my +nz)
E= ({;,m),n)e : (3)

where (£, m,n) and (11, ml,nl) are two sets of direction ooaimm’°= measured
with respect to (x,y, z), and such that
(£,m,n)- (£}, kmj, ) % £4,, +mm, +nn, = 0 (4)

to make_E_ perpendicular to the direction of propagation, as required. We note
that the magnetic vector corresponding to E is

. ik(x + my+nz)
H Yo(l o mz,nz)e (5)
where YQ is the intrinsic admittance of free space. Since
(l 2‘ mzl nz) = (ll m’ n)A (lll mll nl) ’ (5)
|
Of course, £2+mz+n2 =]1s= lfﬂnf-mf .
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a knowledge of 5 of the 6 direction cosines I,m,n,li, m,,n, serves to
specify the incident field in its entirety. In practice, however, we shall
regard all 6 as input parameters chosen in accordance with Eq. (4).

We now turn to a consideration of ray tracing. A general discussion of
the philosophy and limitations of ray tracing as applied to this type of problem
was given in S-L, and will not be enlarged upon here. Instead, we shall confine
ourselves merely to a description of the 'mechanics' of carrying through this
procedure for a three-dimensional geometry of the sort shown in Fig. 1.

The incident field (3) was taken to have zero phase wavefront passing
through the origin of the coordinate system. This is the wavefront (or phase
plane) which will be sampled. Choose xm, y(O) such that the point x = x«»,

=y(°), z=z(0) lies in this plane. Then

00 l}) ( PRUA my(O) Y )

The ray through this point is perpendicular to the phase front and has equations

0 ¢

X=X + (z-z

Oy, 594269 @

This will intercept (say) the lower surface of the outer radome. The z coordinate,

z=z(l) of the point of interception is given by the equation

1
2 2 /2
o =[{x“”+f—1 (z-200) )} + {y‘°’+‘-;i<z-z<°> )} ] = plz) (9)

where p=p(z) is the equation of the radome surface. For a conical radome

(see Eq.(2) ), the determination of zm from (9) requires only the solution of a
quadratic equation, but for an ogival radome (see Eq. (1) ) it is necessary to resort
to iteration. Having found zm , the remaining coordinates x(l) and y(l) of

the intercept point follow from (8). The distance
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L
2, - { (D202 g1y 0 245 (D)5 0) )2 } & (10

is then computed and stored.
Compute the direction cosines

(t,mn)x e (¥, B (11

[ o PP
1+ (30/8x)?

of the outward normal to the radome at the point of intercept. This vector and
the ray direction establish the plane of incidence at the point, and because the
manner of transmission and reflection at the interface depends on the inclination
of the electric vector to the plane, we now perform the first of an almost endless
series of rotations of coordinates.

Choose (xl,yl,zl) such that

! m n
1 9 m2 n z
The incident field then takes the form
1kx
E=J¢ L ;{_woéleu«l , (13)

and the ray that strikes the radome is traveling in the positive X direction. Since
21 = fx+my+nZ and the normal direction 1n£+mn§+nni spetify the plane of in-
cidence, a rotation of these new coordinates about the xl axis can produce a
coordinate system xz,yz. zg with x2=x1 and 22 normal to this plane. But this
normal has direction cosines

+ fi =t - 1-4 -m 1
= n.mn.nno,\( ,m,n) -(mnn nm, nl-fn, lnm m ),
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and hence we can take

}-‘/z

10 0y,x
0 -B A zl
with . .
—y ! !
A=y(t li4mmnn) {“n prmmptnn ) HE Lodm moin n,)

1
_ ,H , 2 | 2172
B= Y(Inl 2 nmzﬂ‘n“z) {(l nl 1 nm llmnn 1) Hlnl 2 nm2+nnn2) }

(15)

and v = 1 1. Although either sign for ¥ would be acceptable, it is necessary
to choese one and to know the implications of that choice in order that we may
later deduce angles correctly from a knowledge of their sines or cosines. To

remove this arbitrariness, we impose the requirement that
A
. (1
Yo+ (,m.,n)>0, (16)

i.e. that 92 makes an acute angle with the outward normal. I is a trivial matter
to show that (16) implies
vy=1. (17)

These new coordinates are related to the original coordinates x,y,z via
the matrix equation

§2=¥2M11‘. (18)
where
1 m n 1 0 0
(b 58w d )
9 m2 n2 0-B A

and A and B are given by Eqgs. (15) and (17), and the incident electric vector now
takes the form
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A A 1kx2
E= (Ayz-B:z)e . (199

Recalling that 92 lies in the plane of incidence, A and -B therefore represent
the electric field components in and perpendicular to the plane of incidence, and
we can invoke the Fresnel reflection and trminisdon formulae to determine
the strengths of the reflected and transmitted fiekdis.

Consider the elementary problem illustrated in Fig. 2. Medium 1 is
free space and medium 2 is a pure dielectric with refractive index 3 relative
to free space. A plane wave is incident at an angle a to the normal to the inter-
face, and from Snell's law, the direction which the transmitted wave makes with
the normal is then B, where )

.msd’é‘-i’ . (30)

If the incident field is polarized with its electric vector perpendicular to the plane
of incidence, the reflection and transmission coefficients are respectively

L _ 1-p L_ar
R, il T, T (21)
(see Section II of S-L) with
r= Co8 a ; (22)
fcos B
whereas for the electric vector in the plane of incidence
n_1-r n_ 2
Rt T T T (%)
with
_Necosa _ .2 r 9
r= —g =1 . (24)

The above coefficients are, of course, amplitude factors only, relating to the
electric fleld, and in using these formulae, particularly those for the parallel
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case, it is essential that the orientation of the electric vectors in the reflected
and transmitted waves be taken as shown in Fig.2. We also note in passing that
if the plane wave were to have originated in medium 2 and to have struck the
interface with medium 1 (free space) at an angle B to the normal, the re-
flection and transmission coefficients corresponding to the above would be

_1-r!' L_2
R;fi'«'»FT v T T30 (25)
" 1-p " r
Roy* 1 ' To1 " 17 (26)

where I'' and I' are as given in (22) and (24) respectively.

Reverting now to the ray tracing procedure through the radome, we observe
that the angle a appearing in the above formulae is that which the ray direction
makes with the inward normal at the point of intercept, and hence

A A A A
S - (L
cos a = - X, ( nx-l-mny o 2 )
== (4 +mm +on ) (27)
with
A A A
sin a Yy (lnx +mny -mni)
1

= ; . (28)

Equations (27) and (28) specify a uniquely, and using (20), the angle 8 can
then be found.

The reflected and transmitted rays both lie in the plane of incidence, and
though a ray which is reflected at its initial impact with the radome 18 of no real
ooncern to us, it is convenient to describe the tracing procedure for such a ray
as well,since the analysis is almost directly applicable to reflection and trans-
mission at any surface of the radome.
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To describe the reflected ray, we introduce new coordinates (x3,y3, z3)

obtained from (,,y,, z,) by rotation about the z, axis and such that ?;3 is in
the direction of the reflected ray (see Fig.3a). Clearly
Xg"M3X (29)
with
-0083x a 0
M - -sin2a -co82a 0 > (30)
0 0 1
implying
X" M Mo My x (31)

and hence from Egs. (19), (21) and (23), the electric vector associated with the

reflected ray is

fkx

12 73 (32

"
E = (AR,, §,-BR
The final step is to rotate the coordinates yet again so as to cast this result into
a form as compact as that possessed by the electric vector of the incident ray in
the (xl, yl, zl) coordinates . This can be achieved by a rotation about the x3 axis
to produce coordinates (x4,y4. z4) :

X, = M, % [ (33)
where 1 0 0
i &
AR,q BRi»
Mo © - (34)
4 |
. BRjy, AR,
L A
with y
- n .2 L.,2]72
A {‘AR12) +(BR}; ) } (v,20), (35)

10
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implying

3 ol N KN (36)

in which case the electric vector becomes
E=vy,e . (37)

The procedure for the transmitted ray is very similar. By rotating the
coordinate system about the 2, axis, a new set of coordinates (x! , Y3 o z'a )
can be established having Qé in the direction of the transmitted ray (see Fig.3b).
We have

! = ]
137 M3 X, (38)
with
cos(a-B) -sin(e-f) 0
33 = (sln(a-B) - cos(a-f) 0) (39)
0 0 1
implying
= '
L SR SE “0)
The electric vector associated with the transmitted ray is then
t
- A _omldl 8, 3
E = (AT,, J} -BT;, is Je (41)
and if we now rutate the coordinates again to produce (x"1 ,ya, z'4) where
x' =M x' (42)

=4 4=3
with

11
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1 0 0
&
v | o ATy BT 2 |
M, - -3 143)
4 4
1 n
. BT}, AT,
! 1
Y4 K
and
! = " 2 L 2 Vz ]
A {(A'rlz) +(BTy,) } » (720), (44)
implying
I of PESLY s

the electric vector in the transmitted ray becomes

inkx“

_E_='y‘; ;'40 4 (48)

This restores the ray to the form it had prior to its intercept with the radome.
Although the above discussion has been phrased in terms of the initial
impaoct of a ray with the outer surface of the radome, the procedure is that which

must be applied at any interface. To illustrate this fact, consider the ray (45)
transmitted through the outer surface. Under almost all circumstances, this

ray will sooner or later strike the inner surface, and knowing the ray direction,
’?:l , in terms of the coordinates (x,y, z), together with a point on the ray (namely,
x'—'x(l), y=y(1), z=g(1) ), the point of interception x=x(2), y=9(2), 2=2(?) with the
inner surface can be found in the same way as before. The distance

d)5° {"‘(2)"‘(1) 1y @y (1) 2452, (1) )2 }1/2 (a7)

is then computed, and n d12 added to dol to give the accumulated optical distance
from the reference phase plane. From now on the analysis carries through in the

12
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manner already described apart from such trivial changes as are caused by the
fact that the ray is incident in the denser medium. Specifically, in Egs. (30)
and (39) a must be replaced by 8, and vice versa, and the reftection and trans-
misiédon coefficients given by (21) and (23) must be replaced by those in (25)

and (26). These changes apart, the same analysis is applicable.

The above procedure enables us to trace a ray from the outside of the
radome through the layer and into the interior space, keeping track of the direc-
tion of the ray and of the electric vector, as well as of the amplitude and phase
(or, in effect, the optical distance) associated with the ray. At the inner surface
of the radome a reflected ray is, of course, produced, and this is directed back
to the outer surface where transmission and reflection again ocour. Only the
reflected wave 18 of interest, and we remark that the analysis appropriate to
this is identical to that corresponding to reflection at the inner radome surface
providing that the normal direction now used is the inward-directed one. In the
analysis, therefore, the direction cosines In‘ m.n of the outward normal must
be reversed in sign. This reflected ray can now be traced back to the inner
radome surface; and so on. And if, at some stage, a ray crosses the interior of
the radome to strike the upper surface, axrstrikies the upper surface initially
rather than the lower, the nature of the analysis is in no way affected.

By repeated applications of the above procedures we can trace the pro-
gress of any one ray from its starting point on the (reference) phase plane, and
can follow all of those rays which are spawned by reflection at the radome sur-
faces. There are an infinity of such rays, but inasmuch as the amplitude of any
one is reduced at each reflection, it is in practice sufficient to establish an
amplitude level (or tolerance) and to ignore any ray once its amplitude has fallen
below this level. We can likewise ignore any ray that passes through the mono-
pulse plane in the region outside the monopulse plate, but even so we may still
be faced with a relatively large number of significant ray contributions all stemming
from the single ray incident on the radome. These rays provide our first (partial)
sampling of the field distribution: over the monopulse plate. To complete the

13
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determination of this field we must now sample the incident phase front at other
points, and continue this process until we achieve an adequate specification of the
field to which the monopulse is subject. Thisrequires us to sample the incident
phase front at a sufficiently dense number of points over a region which at

least includes the origin of all rays capable of ylelding any contribution to the
monopulse excitation exceeding the tolerance level. It is convenient to carry out
this sampling at a rect angular lattice of points whose separation (or stepping
distance) A will be taken equal to that which was found desirable in the two-
dimensional problem (see S-L, pp. 42-43 ), and the sampling procedure is
described in the next section.

14
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Fig.1: Coordinate System.
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Fig.2: Geometry for Reflection and Transmission at an Interface.
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Fig.3: Coordinate Transformations for Reflection and Transmission.
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II INCIDENT FIELD SAMPLING

The monopulse plate pivots about a point on the (z) axis of symmetry of
the radome (see Figs. 1 and 4). Let L be the coordinate of the pivot point, and
let z,, be the corresponding coordinate of the radome tip, i.e. the intercept of
the outer radome surface with with z axis. The monpulse plate itself is often
somewhat irregular in shape, but for the sake of the following analysis it is
convenient to speak in terms of a disc of radius a centered at the point Z%Z.,.
It is natural to choose 2a to equal the maximum diameter (or dimension) of
the monpulse plate, but under most circumstances it would appear adequate to
choose a somewhat smaller value suchthat the disc just encompasses the mono-
pulse slots. A reduction in the value of a is, of course, reflected in a de-
crease in the number of sampling points and, hence, in the running time of the
program.

The equation of the incident phase front is

Ix +my +nz =0 . (48)

We are required to compute the field distribution over a disc of radius a lying
in the center of the monopulse plane when the latter is aligned parallel to the
above phase front. The projection of this disc on to the wavefront is therefore
itself a disc of radius a . Since any line perpendicular to the wavefront and
passing through the point (x',y', z') has equations

x-x' _y-y' z-2'
=== (49)
the projection of the center of the disc has coordinates (xo.yo, zo) where
= e S = - 2
X, lnzm, Vo*-mnz_, z,=(l-n ,)zm , (50)
and the projection of the cone tip is likewise (xt. yt, z, ) where
x,=-lnz , y=-mnz , z, = (l-nz)zn . (51)

18



THE UNIVERSITY OF MICHIGAN

The equation of the line passing through (x z o) and (xt.yt, zt) is therefore

o Yor

XX ¥y, ) -z,

X=X, ﬁ-yt z-%,

and inserting the preceding expressions for XX etc, (51) reduces té

tl
x=-‘-—-in z y=-—-’2-z (52)
1-n l-n2

This is the reference line for our sampling procedure. It is clearly just the
projection of the z axis on to the incident wavefront, and therefore passes through
the origin of coordinates as well as through the points (xo. Y, zo) and (xt, Yy 2, ).

It is now a trivial matter to locate the projection of the monopulse 'disc’
on to the phase front. Since the projection is also a disc of radius a, moving
down the reference line a distance a from the point (xo,yo, zo) shows the
point A (see Fig.5) to have coordinates

),

x==-In(z +

a
Jl-ni

), (53)

y = -mn(z_+ 2
m \/1-112
a

Vio?

Likewise, B has coordinates

z= (l-nz)(zm+ ).

x==-In(z - 2 ) ,
m \‘l-nE
a
y =-mn(z_- )., (54)
- ‘q-ni

2 a
z=(1-n")(z_- ).
m V‘l-n

19
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But any line parallel to AB has equations (see (52) )

mn

1
x:-—-?—z-}-c , y=- z+C (55)
2 1 2 2
l-n l-n
and lies in the phase front if
LC,+mC_=0. (56)

1 2
By considering a sphere of radius a centered on the point (xo, Yo zo) and
requiring that the above line have only one intersection with the sphere, 1i.e.
be tangent to it, we can specify C; appropriate to the points C and D and, hence,
determine the z coordinates of these points. It then follows that the coordinates

of C are

x=-lng + ma '
m
l-n
y =-mnz_-~ la (57)

m ]6-!12‘ !

z = (1-09) (z+ =),

1-n
whilst those of D are
x=-Inz - 18
m \6-!12' '
la
y =-mnz_+ ’ (58)
m Vl-n§
z= (l-nz)(zm-l- -E—) .
1-n

The reference or starting point for the sampling procedure that has
been developed is the point A in Fig.5, the coordinates of which are

20
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R <z . t—NA) L BMA
m

1-n 1-n
B Vi-n 1-n

2 = (1-n%) ém + ﬁ)

with M = N = 0, Sampling therefore starts at A and proceeds by stepping up the
line AB a distance A each time. The coordinates of the successive points are
given by Eqs. (59) with N=1,2,3... and M = 0, and sampling continues beyond
the point B (for whtch* N= [%—:-] ) until the corresponding rays no longer intercept
the radome. For angles of incidence outside the '"'backward cone', the last
contributing sampling point will be just beyond T, corresponding to

N= [}A' {a + (zm-zn) /EF}] Having completed this traverse, the next
sampling point is on the line AF a distance A towards E. This is the starting
point for a second traverse parallel to the first, and the coordinates of the
successive points are now given by (59) with N=1,2,3,... and M =1. The
third traverse is to the dightof ABby a distance A { so that M =-1), and 80 on,
running alternatively to the left . (M = 1,2, 3, .. Jandtothexight (M = -1, -2, -3,
...) of the central line AT. In each case sampling along a given traverse ceases
when no further intercepts with the radome are obtained. The final two traverses
are cariied out with M = + [i], and proceed beyond the points O or D respectively
(for which N = [i]) until terminated in the same manner as before.

The region of the wavefront over which the sampling actually extends in any
practical situation depends, amongst other things, on the incidence angles. It is,
of course, obvious that if a ray emanating from a given point does not intercept

*
[x] denotes the integer which is just larger than (or equal to) x .

21
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the radome surface, it cannot possibly produce any contribution to the field
distribution over the monopulse plate, but if a ray does intercept, it does

not follow automatically that it will excite the monopulse. Only by following
through the laborious and time consuming process described in Sectfon II can
we discover whether it was necessary to have considered that sampling point
in the first place. Nevertheless, any ray which intercepts the radome is a
potential (and, in general, actual) source of monopulse excitation, and since
the time spent in searching for, and computing, initial intercepts with the outer
radome surface is a very small fraction of the total computation time, it is
prudent (if not necessary) to carry out the wavefront sampling over a region
which is large enough to encompass all rays which could conseivably intercept
the radome.

Although the above procedure, in which the computer itself decides when
sampling of the wavefront along a particular traverse shall cease, is aesthetioally
a satisfying one, the actual numerical program has been written on the basis
of a pre-specified sampling area. The area selected ia rectangular in shape and
extends from EF up to a parallel line through B or through the tip projection T,
whichever is the fa.zrthest. I;x consequence, M runs from 0 to + [3‘-] and N

a

womowones. ([B], [Larem i)

22
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P <

z =Zm
Z”I.n ,
/ ——
s < / / z
/ / 7
/ / /

Fig. 4: Projection of the Equivalent Monopulse Disc.
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(xo. Yo zo)

Fig. 5: Geometry for Sampling the Wavefront.
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IV MONOPULSE PLATE AND POINTING ERROR

The rays which emanate from the incident wave front are all parallel
and of constant amplitude (unity), and if the wave front is sampled in the manner
just described, these rays provide for us a uniform sampling of the uniform
field that would exist in the absence of the radome. When each ray strikes
the radome, however, reflection and refraction occur, generating additional
rays, and this takes place whenever the original ray or any of its subsidiaries
intercepts a radome surface. R is therefore not surprising to find that the
field within the radome is markedly non-uniform, and our knowledge of it
is obtained from the information carried by those rays which penetrate into
the interior. This information consists of the amplitude, optical distance
of travel, direction of propagation and polarization of each ray , i.e.

As‘ ds' (I,m,n)s, (ll,ml, nl)s ,

respectively, at some position along the path of the s'th ray.

If the radome were not present, each ray within the radome woﬂd be only
a continuation of one emanating from the phase plane, and its direction cosines
(¢, m, n)g would be the same as those of the normal to the wave front (£, m,n),
but because of reflection and refraction at the radome walls, the actual values
of (£, m,n). can be quite different from those of the incident ray. The ampli-
tude A; must be real, positive and less than unity. In contrast to the situation
in the two-dimensional case where the amplitude could be positive or negative,
any 180° change of phase (equivalent to a reversal in direction of the electric
vector) i8 now incorporated into the polarization direction cosines (ll, m,, nl)s .
The optical distance dg is measured in inches, and can be converted to an
electrical phase by multiplying by k = 2”/)t , where ) is the free space
wavelength (also measured in inches).

The ensemble of all these rays constitutes a non-uniform sampling over
any given plane of the non-uniform field existing within the radome, and it
is this fleld which excites the monopulse. The monopulse plate configuration
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used in this program is that described* by Dr.I. Pollin and shown in Fig.6.
The overall dimensions of the pate are 9 x 9 inches, but since the plate has
its corners chopped off, the maximum cross dimension is about 10.5 inches.
The plate contains a total of 32 horizontal slots symmetrically located about
x and y axes through its center. Each slot is 1.060 inches long and 0. 140
inches wide, corresponding to 0.442 X and 0.0583 A, respectively, at 5 GHz.
Apparently the slots have been chosen to be of resonant size at this frequency
of operation.

The electric vector in the incident field is specified by the direction
cosines (!1, ml,nl), and since these can be chosen at will providing E remains
in the plane perpendicular to the propagation vector, there is no logs of
generality in assuming that any motion of the monopulse plate is such as to
keep the slots with their long dimension horizontal (appropriate to a fleld
vertically polarized with respect to a horizontal plane, x = 0). Any displacement
of the monopulse plate can then be treated as a rotation about a line through its
center parallel to the x axis, followed by a rotation (or tilting) about a hori-
zontal line. Such displacement is, of course, brought about by the voltages
induced in the slots by the field incident upon them, and for the reasons dis-
cussed in S-L, these voltages are computed for a monopulse plate aligned
parallel to the wavefront of the plane wave incident on the radome. The above
mentioned angles of rotation are now specified by the direction cosines (¢, m, n),
and with the notation shown in Fig. 7 , w8 have

L=8ina , m=-co8asina, n=cosa cosa . (60)
X x y X y

%
Private communications, dated 13 November 1968 and 26 May 1969
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Similarly, if the electric vector lies in the X' y" plane and makes an angle
Q2 with the x'" axis , the direction cosines of this vector with respect to the
original coordinate system (x,y, z) are

(cos a cos ©2,sina _sina cos Moosa sin 2, -sina cosa cos 2+sina 8in Q) .
X X y y X y y

(61)

In the computer program the description of the monopulse plate is
fed" in as a statement of the center point locations of each slot, and of their
length and width. The symmetrical layout of the slots is employed to reduce
the number of parameterstobe specified, and only the faformation concerning
the slots in the first quadrant, Q = 1, 4s explicitly introduced. For the other
three quadrants (mirror images of the first), the slot locations are deduced
by appropriate changes in the signs of the coordinates. The convention used
in the program for designating the quadrants Q = 1,...4, and the slots
8(1,1),...,8(4,8) is shown in Fig.6. The first number in the slot designation
specifies the quadrant the slot is in, whilst the second specifies the slot
number based on the first quadrant as reference. Note that the slot numbers
in the second through fourth quadrants are those of the mirror-image slots
in the first quadrant.

The voltages induced in the slots are produced by the field incident on
the monopulse plate, and it is to be expected that this field will be of a highly
non-uniform nature. The response function for a receiving antenna, e.g.

a slot, is generally stated for the case of an incident plane wave, and it
might now appear that to use such information in the present case would
require us to match the sampled data provided by the ensemble of ray con-
tributions to a set of plane waves impinging on the slots at the appropriate

*

Altbough the present computer program has the monopulse plate data inserted
as part of the main program, it would not be a difficult task to modify it to
have the plate specifications read in as input data.
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angles of incidence. Fortunately, this process is not necessary, and we can
avoid the matching by assuming each ray to excite a slot directly. This is in
line with the procedure developed in the two-dimensional case. Sections IV and
VI of B-L contain a detailed discussion of the effects of amplitude taper, polar
dlagram, slot weighting, etc., and lead us to characterize the response of a
slot by the following parameters.

(») Slot size: The dimensions chosen for the slot are not the physical dimensions
shown in Fig.7. The reasons for this are two-fold. Firstly, examinations of
the surface currents excited on a conducting sheet by a narrow resonant slot
shows* that a strong field exists beyond the immediate confines of the slot,
and the actual area 'excited' may be much larger than the area of the slot.
Without a detailed knowledge of the actual slot characteristics, it is not possible
to estimate the effective dimensions of a slot, but it was found in the two-
dimensional study that the number and locations 6§ slots in the monopulse plate
affect only the smaller 'wiggles' in the pointing error curve, whereas the
dominant features of the curve are almost exclusively determined by the
radome and plasma (f present).

The second reason for choosing increased slot dimensions is to keep to
a minimum the number of sampling rays necessary for an accurate pointing
error computation. Experience has shown that of order ten (or more) primary rays
are required to 'hit' each slot. By 'primary' rays we here mean those rays which
reach the monopulse plate after a single passage through the radome layer, and
without reflection at any surface. In the two-dimensional case it was found that
for a spacing A= 0.2 inches of the successive points at which the incident wave
front was sampled, the number of rays striking a \/2 slot was adequate for
the pointing error determination, but it 18 most unlikely that this same sampling

®

D. K. Reynolds, ""Surface Current and Charge Measurements on Flat Metal Sheets, "
Harvard University Cruft Laboratory Tech.Report No. TR-53 (p.68),
1 August 1948,
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distance would produce more than 2 or 3 primary rays which strike a 1.060

by 0.140 inch slot. To decrease the sampling distance would be most un-
desirable from the peind‘of view of the computation time, and thus the only
alternative is to increase the area over which a ray striking the monopulse

plate can contribute. I is fortunate that such an increase in the slot dimensions
is a physically-justifiable procedure.

(b) Amplitude taper : The concept of an amplitude taper has been taken
over directly from the two-dimensional study where it was found that its use
removes the disoontinuity in induced voltage that would otherwise occur when
any one ray hits just inside, rather than just outside, a slot. Here again the
concept 18 not only a physically reasonable one, but also enables us to de-
crease the sampling eate.

For a slot whose mid point i8 located at the origin of the x'"', y"
coordinates (see right hand lower corner of Fig.6), the following taper factor

is assumed:

1

" rx" w ¢
fa=cos(—rz—)cos(-—-) , Iy"|<-,'x"|<
w 1 2 b
(62)
=0 otherwise
where w and ! are the effective width and effective length, respectively, of

the slot.

(c) Pattern factor : This takes into account the direction of arrival of a ray
with respect to the normal to the slot. In general, the pattern factor is a
rather complicated function involving the polarization as well as the direction
of arrival, but it 18 convenient to treat these two effects separately.

In the two-dimensional analysis, a sin x/x pattern factor was employed

appropriate to a uniformly excited aperture, but if the aperture dimensions
are no more than A/2 and the incidence is not too far from normal to the slot,
a sinx/x factor is indistinguishable from a cos x one. We shall therefore
take the pattern factor to be
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P = cos 6i (63)

where 6, is the angle between the direction of the incoming ray and the nor-
mal to the monopulse plate. We note that this can be written as

f£=(4,mn) - ¢, m"0) , (64)

where ({',m',n') are the direction cosines of the ray in the (x,y, z) coor-
dinates, and also note that this choioe of factor is not at all unreasonable.

In the horizontal plane (see Fig.6) a slot (being the dual of a dipole) will

have a cosine pattern, and though the pattern would be a oonstant in a vertical
plane were the conducting plate infinite in size, the fact that the actual plate
dimensions are finite will produce some reduction in the pattern in this
direction also.

(d) Polarization Sensititity : It is obvious that the slots will be polarization
sensitive. The induced signal will be a maximum when_the incoming ray has
its electric vector in the vertical direction, and for other polarizations the
variation in signal strength will be proportional to

120! - co5 ¢ | (65)
where § is the angle which the electric vector makes with the plaie containing
the direction of propagation and the y'" axis (see Fig.7) . Hence,

cos = (l',m'l,ni ) {(I',m',n')hy "
where a{, mi,ni ) and (£', m',n") are the direction cosines of the electric

and propagation vectors, respectively, and since, from Fig.7,
9'" = {m2+n2 {(mn'-&nn')?: +1'(m§+n£)} )

we have

fp01=/==21ﬁ {Ii(mm'i-nn')ﬂ'(mmi-’-nn{ )} . (66)
m“+n
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The signal (in amplitude and phase) which a single ray induces in, say,
the slot S(1,3) is now obtained by multiplying the amplitude of that ray by
all of the above factors, and by converting the optical distance of travel into
an electrical distance. We thus have

tkd
Va(L3)=A £ £ f:°l e ° (67)

and the total signal induced in this slot is

V(L3 = )] V,(L,3), (68)
8

where the summation extends over all rays that strike the slot. The signals
induced in the remaining 31 slots are computed in a similar manner, and are
designated V(1,1),..., V(4,8) .

Were the slots excited by a uniform plane wave, i.e. were the radome
and plasma absent, the signals induced in all 32 slots would be the same
apart from such small discrepancies as are associated with the finite sampling
rate. With the radome and, perhaps, plasma present, however, the field
that strikes the monopulse plate 18 no longer uniform or planar, and the slot
signals will now be different. The pointing error ascribed to the monopulse
system will then depend on the way in which the various slot signals are com-
bined and utilized.

It is obvious that with a total of 32 slots there are numerous ways in
which the slots can be interconnected, with each ray equivalent to some form
of addition (or subtraction) with varying (amplitude) weightings and phase
shifts associated with the outputs from the individual slots. Although some
information about the amplitude weightings has been supplied to us, an un-
certainty about the electrical connections and the implied phase shifts has
made it desirable to print out the computed values for the signals (see , for
example, (68) ) induced in each slot. For any given design of the electrical
system, it is then possible to find the appropriate pointing error with only a
trivial computation.
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For illustrative purposes, however, a very elementary form of mono-
pulse system has been considered in which the monopulse plate is treated
as four antennas, each occupying a quadrant. The signals obtained from the
quadrants are then

8
e z V{4, n),
n=1

and these can be combined to give

o

=V "'V2 = [Vm] e

V2™V

Wys
23l®

Wy
34l

Wy
Vg = VgtV = [Vl e

Vgg® Vo #Vy = [V

23 2
(69)

Vo, = VotV = |V

34 '3 4

from which a pointing error can be deduced in the same manner as in the
two-dimensional program (see Section IV of S-L). The 'vertical' pointing

error is then
1

o
€y 8in {u"‘f; “"34"”12’} (70)

and the 'horizontal' error is

-1 1
€y " sin { I;'xﬂ— (¢41°¢34)} 1)
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where €y and €y are measured in radians. The quantities ;V

the mean, normalized (with respect to wavelength) slot displacements from

andiH are

the y" and x'" axes respectively, and for the geometry shown in Fig.6 with
A =24, we have

Xy * 0. 8698, Xy = 0.8810 . (72)

Concerning the signs of €y and € e observe that if ev> 0, then
¢34> “’12 . This in turn implies that the dominant rays have arrived in
directions 'above' the plane x¥%=0 , and must travel further to reach the
lower slots compared with the upper, leading to an upward tilting of the
monopulse plate in its effort to find a constant-phase plane. Hence, in the
notation of Fig.7, a positive value:of ev represents a deerease in ai, whereas

a positive value of €. represents an increase in Qy . In other words, as

H
viewed from the incident wave front, the monopulse points too high or too
low according as e‘? 0 or <0, respectively, and points to the right or

left according as € > 0 or <0, respectively.

H
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V  PLASMA MODIFICATION

Under some conditions of operation, the radome may be surrounded
by a weak plasma, and even though the plasma can be treated as a lossless
dielectric for purposes of analysis, it will still produce some effect on the
field that penetrates into the interior of the radome. This will, in turn,
lead to a change in the pointing error of the monopulse system, and the
determination of this change is the main objective of the present study.

A detailed examination of the effect of the plasma on the rays passing
through it was given in Section V of S-L . It was there noted that because
the maximum departure of the equivalent refractive index from its free space
value, unity, is less than 0.02 for the particular electron density profiles
supplied to us, it is possible to avoid the time-consuming process of numerical
integration that would be required to follow precisely the progress of each
ray through the layer. The alternative procedure is to simulate the plasma
by a form of jump discontinuity in which each ray is displaced a certain
distance A1 along the tangent to the radome ‘thithe plane of incidence, and
the optical distance along the ray i8 increased by 6{ . In terms of the angle
a between the incident ray direction and the (inward) normal

12

A, ~161x10 “tItanasecla , (13)

1
60 2 - A1 cos 2acoseca , (74)
where t is the thickness of the layer and I is a normalized integrated
electron density. For the plasma characteristics that have been specified
(see Section V of S-L ), both t and I are functions of the coordinate z(1)
of the radome intercept, but are independent of xm and ym .
In view of the detailed discussion given in S-L, we shall here confine

ourselves to a description of the way in which we can implement the above
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procedure in the three-dimensional case.

Since the essence of the procedure is to rely as much as possible on the
computsational techniques developed for the bare radome, the analysis follows
rather closely that developed in Section II of the present Memorandum. Starting
with a point x‘o), y(o), 2(0) on the incident phase front, we first looate the
point at which the ray intercepts the radome. Let this point have coordinates
xa),ym, zm . We now perform two notations of coordinates to produce the
- system Xo, Y9, Zg (see Fig.3), and if, for convenience, we take the origin of
the new coordinates at the intercept point, we have (see Eq. 18)

xp= 1x-x0) ) +m(y-y DV ) n(z-2®)

yg= (ALy+B)(xx®) YHAm +Bmg) (r-y D Y HAn +Ba) -2y, 75
29=(-Bl +ALg) x-x )+H{~Bm +Amy) -y U )H-Bay+Ang) (z-z 1)

where A and B are given by Egs. (15) and (17). Conversely,

x-x{1)= Xy HAL +BI )y o +(-BL AL 5)z9,
z-z{)= nx2+(An1+Bn2)y2+(-Bnl+An2h.2 .
In the x,¥, plane, the geometry is as shown in Fig.8. By virtue of the

definitions of xo,y9, 29 in terms of x,y,z , the normal lies in this plane, and
the angle ¢ is such that (see Eq.16)

co8 Y = ?2' (dl§+mn§+nn‘z‘)

= AL nl l-l-mnml-mnnl) +B(£nl zmnmz-mnnz )
“r e
where
= { s LT, 2\"2 2
= {( n 1-l'n'xnml-fnnnl) +(1n 2+mnm2-mnnz) . @8)
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Hence

¥ o2
tan =---—-1'If ,

and the line representing the intersection of the tangent plane with the plane
z2=0 now has equation

_ Y1-r?
Yy" A X, an

If we step a distance A1 along this line the displacement being in the directiom
of increasing x, (so as to have a positive component in the direction of the
incident ray), we arrive at the point

= = -2
x AII". Yo Allr' (89)

2
and here we now draw a line parallel to the original normal to the radome.
The equation of this line is clearly

Yo- 4, Vi- 2 - -cot gy (xo- A1 T')

i.e.

A
Yz“—r"'" (Xz'rl') ) (81)

Yi-r2'

and the point at which it intercepts the radome is our new, displaced inter-

cept where penetration into the radome i8 presamed twtake place. The cor-
responding ray has the direction that it originally had (of course), but its

optical distance of travel is increased by an amount 6 (see Eq.74) over and
above its value d0 1 (see Eq.10) appropriate to the undisplaced intercept. It

will be appreciated that because of the curvature of the radome surface, the
normal to the radome at the new intercept point will not, in general, lie in

the Xo¥o plane. It is therefore necessary to establish a further set of coordinates
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tailored to the plane of intercept at the new point, and to proceed as we did
in transforming from the kl’yl"zl;-’ system to the (xz,yz, zz) system with
the bare radome.

With the above formulation of the method, the determination of the point
at which the line (81) intercepts the radome (always, of course, in the plane
z2=0 ) requires us to express the equation p = p(z) of the outer surface of
the radome in terms of the (xz,yz, zz) coordinates. This is not necessarily
a convenient thing to do, primarily because all of the coordinate transfor-
mations demanded by the bare radome analysis are merely rotations of base
vectors, whereas we arechere concerned with an actual coordinate system
which is displaced in origin as well as being rotated relative to the original
(x,y,z) system. The simplest way to avoid this difficulty is to express
Eq.(81) in terms of (x,y,z). From Eq. (75) and bearing in mind that the line
represented by (81) lies in the plahe 22=0, its equations now take the form

(A#BLy+ =) (exlW) + Am tomyt 2L ) G-y ™M)
1-T 1-r2
s ol (1) 4 (82)
_ (An1+Bn2+ Nz=2"") = mmmme

-r 1-T
(-B! 1+A12)k-x(1))H—Bml+Am2)(y-ym H-Bnlmxz)(z-z“)) =0.

These can be reduced to

{ fi-r2-p (nlAsz)} x-xP)- { th-r 2-I‘(11A+l 23)} @-z2M)= A (B +Am)

{nﬁ-rf-r (nlA-sz)](v-ya)) m 1-r2-r(mlA+m2m](;-;ﬂ))=-A1(-B 1+AL

(83)
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but the form is still not a convenient one: it is by no means apparent that
the line does have direction cosines £, m ,n,, which it must have since it
is parallel to the radome normal at the point x(l), ym, zm .
The final step in the reduction process is one of those on which hours
can (and were) 'wasted' . We first note that because (£, m,n) , {f), m;,n))
and(£9, mg, ng) are the direction cosines of three mutually orthogonal vectors,

2

2, 2 2
Hmlﬂn2=n+n

2,422,
1+11+12m

-t

2
+n2 =1 (84)

Am+L 1m 1+l 2m2=ln+l 1u 1+I 2n2 i=mn+m 1n 1+m2n2 =0.

Hence, from Eq. (15),
V 2 - ]/ 2 2. 2
nJ1-T -I‘(nlA+n2B)—n 1-r nn(n1+n2)+ln(11n1+l2n2)+mn(mlnl+m2n2)}
=~n +n{ -I+(t {+m m+n n)} ,
n n n n

and by a further application of the identities (84), it can be shown that

2 2 2
(lnﬂ‘mnmﬂlnn) +(1nll+mnm +nnn1) +(lnl 2+mnm +nnn2) 1,

ln1+mnm +nnn = -Vl—l"2 .

Similarly for the other factors in the Eqs. (83), leading to the following equations
specifying the line:

1 2

i.e.

x=xm+ ﬁl' { In(z-zm) +'A1 (Bml-Amz)}
n (85)
m, 1
n

y=y * {mn(z—z(l))-l-Al (BII-AIZ)} .

=]
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In this form, the equations are quite similar to those describing the original
ray emanating from the point x(0), y(o), z(o) on the phase front. The point of
interception of that ray with the radome specifies zm and hence, from (8),
xa) and ym . The z coordinate, z = z(z), of the disptemed intercept is given

by
2

2
E;m+ ;L (tn(z-z(l))+A1(Bml-Am2)} ] + l}(l)+-i]; {mn(z-z(l))+ Al (BL l-Al 2)}]
n n

={p<z)}2 , (86)
where A1 is given its value appropriate to the original location z=zm, and
where p = p(z) is the equation of the outer radome surface; and having determined
zm , the x‘z) and y(z) follow from the Egs. (85). The ray is now presumed
to ender the radome at the displaced point x(z), ym, 2(2) rather than at the
point xm, ym, zm that it would have done in the absence of the plasma, and
the phase (or optical distance) that is associated with it is do + 6L (see
Egs. (10) and (74) ) instead of do

the case of the bare radome.

1

1 Ray tracing then proceeds as it did in
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Original intercept

Outer radome
surface

Fig.8: Geometry for Displacement of the Intercept.
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VI COMPUTER PROGRAM AND NUMERICAL DISCUSSION

An examination of the basic analyses presented in Sections II through V
suggest that the computer program for ray tracing through a three-dimensional
radome will be a fairly long and complicated one, and this is indeed the ease.
The program consists of a main program, four subprograms and 17 subroutines.
The FORTRAN listing of the complete program* is presented in the Appendix
to this Memorandum.

In essence, the MAIN program controls the input and output data ,
initiates a sampling ray at the éasident phase front, takes into account the
plasma (if present), and guides a ray into the interior of the radome. If
the ray hits the monopulse plate, the results are recorded or neglected
depending on whether the ray intercepts a slot or not. Another possibility for
a ray inside the radome is that it hit the upper surface**. In such a case,
the SECOND program (a subprogram) takes over and follows the rays through
reflection and refraction at the upper surface. The THIRD program picks up

%

As noted in the introduction, the programs for the conical and ogival radomes
are separate. Although the general format is the same for each, the following
descriptions in this section pertain to the conical radome program.

Aok
We assume here that the incident illumination is from below the axis of

the radome.
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the downward rays , some of which will either hit the monopulse plate or
the lower surface. The rays that hit the monopulse plate are 'home' and are
recorded, whilst the others are picked up by the FOURTH program and, if
the situation calls for it, the FIFTH (and final) program that is similar to
the THIRD. Throughout this ray tracing process, the rays resulting from
multiple bounces within the dielectric layer are picked up by a subprogram
appropriate to rays in that particular region. It is to be expected that in
most cases the computations will be performed by the MAIN, SECOND and
THIRD programs and only for angles of incidence greater than (about) 50°
will the FOURTH and FIFTH programs come into play.

Subroutines are used to perform the mathematical, vector, and other
operations required in the ray tracing procedure. In total there are 17
subroutines and these carry out the following operations:

1. SUBROUTINE REPEAT - traces a ray inside the dielectric layer; the
transmitted portion of the ray is picked up by one of the subprograms.

2. SUBROUTINE PINT - determines the point of intersection of a ray with
the outer (and inner) radome surfaces.

3. SUBROUTINE PNORM - computes the direction cosines for the normal to
the surface at the point where a ray intersects:.

4. SUBROUTINE ANGLES ~ computes the angles « and S as described in
Fig. 3b.

5. SUBROUTINE NEWCOR - sets up a new coordinate system at the point
of intersection of a ray with a surface.

6. SUBROUTINE TR12 - computes the transmission and reflection coefficients
for a ray ‘goimg; from air into the dielectric.

7. SUBROUTINE TR 21 - computes the transmission and reflection coefficients
for the ray going from the dielectric into air.

8. SUBROUTINE CONAB - computes the quantities A and B as defined in Egs.
(15) and (17).
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9. FUNCTION DIST - computes the distance between two points.

10.

11.

12.

13.

14,

15.

16.
17.

SUBROUTINE TRANSM - determines the direction cosines for the transmitted
ray.
SUBROUTINE REFLCT - determines the direction cosines for the reflected
ray.
SUBROUTINE PLASMA - adjusts the path and optical distance traveled
by a ray when it goes through a plasma layer.
SUBROUTINE RECORD - computes the intersection point of a ray with
the monopuise .plane.
SUBROUTINE SLOTS - determines which slot, if any, is intercepted by
a ray.
SUBROUTINE APSLOT - computes the signal induced in the slot by a ray.
SUBROUTINE VECTOP - computes a vector cross product .
BUBROUTINE VECTDT - computes a vector dot product.

In the theoretioal analysis as well as the computer program it is convenient

to specify the direction of propagation and the polarization of the incident wave

in terms of the direction cosines (£, m,n) and(ll ,my, nl) respectively. Since it

is not always easy to visualize the particular wave which is implied by given

values of these quantities, we have also employed the same angles a and ay

that were used (see Section IV) to describe the rotation of the monopulse plate

to describe the direction of propagation. Such a choice is natural inasmuch as
we have specified that the initial alignment of the monopulse plate shall be per-
pendicular to the direction of inoidence outside the radome and, hence, parallel
to the external wavefront. In addition, the polarization of the incoming wave
can be described in terms of the angle 2 referred to in Section IV.
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To illustrate the application of these angles, consider the following
situation. For a plane wave with propagation vector in the positive z direction
(axial incidence), the phase front lies in the xy plane. The pblarissktion angle
Q2is then the angle between the E vector and the x axis, and a and @y are zero.
We now imagine any arbitrary alignment of the wave frent to be obtaihed
by an initial retation about the x axis through an angle ay, followed by a
rotation or tilting of the new plane through an angle a, away from the vertical
(see Fig.7), and if we do this, the pertinent polarization angle 2is the angle
between the E vector and the x" axis (see p. 27). Thus, for example, a
vertically-polarized wave incident at an angle of 20° below the z axis has

a =200, a =0, Q= 0,
x y

whereas for a horizontally-polarized wave incident in the horizontal plane but
from a direction 15° to the left as viewed from the monopulse plate,
@ =0, a =15° Q=90°.
X y

The expressions for the direction cosines of the propagation and electric
vectors in terms of e ay and Qare given in Egs. (60) and (61) respectively ,
and these have been incorporated into the MAIN program to enable: the angles
ax(ANGLE X), oy (ANGLE Y) and Q (OMEGA) to be employed as input data.
The other input parameters for the program are the stepping or sampling
distance A (STEP OF DATA), radome refractive index 2 (ANEX), presence
(or otherwise) of the plasma (KPLASM = 1 or 0), equivalent radius a of the
monopulse plate (CONSTANT A), and the number of increments ( M(MAX), N(MAX))
over which the phase front sampling extends. It may be noted that the tolerance
level, i.e. the level at which any ray amplitude is regarded as so small as to be
negligible, is not an input parameter, and has been set at 0.01 in accordance
with out findings in the two-dimensional study.
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Concerning the choice of values for CONSTANT A, M(MAX) and
N(MAX), we observe that together with (I, m,n) these parameters define a
set of coordinate points on the incident phase front from which the sampling
rays originate. The procedure for specifying the sampling area was dis-
cussed in Section IIl, and in essence the area that must be covered is the
projected area of the monopulse plate extended upwards to include the projection
of the frontal portion of the radome. For computational purposes, however,
it has been found convenient to specify a reetangular area which includes the
above region. The rays that emanate from sampling points that do not produce
intercepts with the radome are soon abandoned, and their initial inclusion in
the computational sequence does not add significantly to the overall computation
time. Indeed, the execution time required to find whether a ray does intercept
the radome 1is only a small fraction (less tham one percent) of that entailed in
tracking an intercepting ray through all of its reflections and refractions to
the monopulse plate.

The coordinates of a general point within the rectangular sampling area
of the incident phase front are given by the Eqs. (59), and sampling is carried
out at all such points having

M=-M_ ,...0, M »
max max

N=0, ..., N )
max

™ e B reuren([5]. b)) .

In order to test the program and thereby obtain some assurance that it
is operating correctly, a very small number of test runs of the conical radome
program have been made for a specific angle of incidence of a plane wave on
the conical radome described” by Dr.I. Pollin. The outer and inner radome

%
Private communication, 13 November 1968.
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surfaces were defined by Eq. (2) with

a= L1=1 (outer),

a==, 174,191 (inner) .

M= O

The quantity z,, (& £) above is therefore 1, and z = 43. All dimensions
are,of course, ininches. The frequency employed was 4. 918 GHz for which
A = 2.4, though we may note that other runs have been made for A = @
(f = 3.757 GHz). For a fiberglass radome, the refractive index T has been
assumed to be 2.5 .
To test the computer program we chose the case
ax = 150, ay = 50, Q= 10°
a=5.25,

no plasma

and took A=0.4. This value of A is somewhat larger than is desirable
for an accurate estimate of the pointing error. In the two-dimensional program
we found that a stepping distance A= 0.2 was necessary to obtain a pointing
error that was not unduly sensitive to the particular choice of initial sampling
point. For lack of any other information it would seem prudent to :choose
A= 0.2 in the three-dimensional program as well, but since the objectives of
the present test were to check the computer program, and to provide speeifitic
outputs against which to compare any subsequent runs of this program else-
where, the larger value of A was entirely adequate. We may note that the
choice A= 0.4 reduces the number of sampling rays by a factor of 4, and
decreases the running time (and cost) by the same amount.

To a person looking in the direction of the negative z axis, the above
incident field is approaching the radome from a direction 15° below the horizontal
and 5° to the left. The selection of a value for the polarization angle . mot equal
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to zero was made only to produce a case of complete generality and to avoid

any suggestion of symmetry. With the above input data we have, from Eq. (87),

M =13, N =37,
max max

implying Mmax(Hszux) = 999 sampling rays of which about 500 will inter-
cept the radome.
The computer primted out .

a) the induced signal in each of the 32 slots,
b) the combined signal for each of the four quadrants,
c) the signals obtained by adding those in each of the two upper
quadrants, and in each of the two lower quadrants,
d) the signals obtained by adding those in each of the two right-hand
quadrants and in each of the two left-hand quadrants,
e) the pointing errors
€y " -6.5 and € " 9.1 milliradians
for the vertical and horizontal planes respectively.

These pointing errors are about twice as large as were obtained with a
similar case for the two-dimensional radome, but this {s not unreasonable since
the rays now undergo many more réflections and refractions, leading to per-
turbations of the wave front in a second plane. The signs of the pointing
errors are also reasonable. According to definition, the pointing error is
the angle between the direction of arrival of the signal outside the radome and
the direction in which the monopulse plate points, i.e. the normal to the mono-
pulse plate. If ev> 0 (ev< 0 ) the monopulse points too high (too low), and for
€y >0 (eH < 0) the plste i{s pointing too far to the right (or left). With Q= 15°,
the rays which strike the monopulse have come through the lower surfaces of
the radome whd the dominant contributions are provided by those rays which
then proceed directly to the monopulse plate; in addition, however, there are
contributions from rays reflected off the upper portion of the inner radome
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surface, and because of these it might be thought that the radome would tend
to point above the true direction (i.e. give €y > 0). This is not the case.
The action of the monopulse plate is to rotate in such a way as to take up a
position in a (mean) constant-phase plane. The rays which are reflected off
the upper radome surface must travel a greater distance than the direct rays,
and for the chosen angle of incidence, these rays are incident primarily on
the upper slots. Accordingly, the phasedf the signal induced in the upper
slots should exceed that of the lower slot signals, and this was confirmed by
an examination of the actual slot signals. To achieve a constant-phase plane,
the monopulse must now point below the direction of the main (direct) rays,
corresponding to a value of €y less than zero.

As a second test, the previous case was now run with the fiberglass
radome replaced with a dimensionally~equivalent styrofoam one for which
the appropriste refractive index is fi= 1.015. Since T is so little different
from unity, the radome should have a correspondingly small effect on the
field passing through it, and the test was run with the expectation that any
small pointing errors computed would be due primarily to the low rate at
which the wavefront is sampled. R was found that

ev = «0,72 and EH = «0,077 milliradians.

Compared 'with 2 milliradians, €y 18 certainly so small as to be entirely
negligible, but €y is almost 40 percent of the maximum pointing error that -
is tolerable, and is therefore too large to be ignored. Part of this is un-
doubtedly a real effect indicative of the actual field perturbation produced

by the radome, but our belief is that a significant fraction of it is due to an
insufficient sampling rate. This could be verified in the same manner as we
did in the two-dimensional program by systematically displacing the initial
sampling point a distance A/ 10 in each of two directions, and thereby
generating a pointing error curve which is an oscillatory function of the
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displacement. A must then be chosen so that the total variation of this curve
is within an acceptable range - say, less than 0.2 milliradians, and it was
on this basis that we were led to choose A= 0.2 in the two-dimensional
program.

The third test run that was made was for the same situation as in the
first run, i.e. for a fiberglass radome with a, = 159, @ = 50 and 0= 10°,
but with the plasma present. The pointing errors that were computed are

€y © -7.1 and €y = 8.5 milliradians.

The change in pointing error produced by the plasma is quite small,
amounting to only 0.6 milliradians in each direction.
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VI CONCLUSIONS

In this Memorandum we have been concerned with the determination of
the pointing errors associated with a general type of monopulse system mounted
within a (three-dimensional) conical or ogival radome that may have a weak
plasma surrounding it. In conocept and formulation the method that we have
developed is analogous to that previously discussed (Memorandum 02142-502-M,
and referred to as 'S-L') in relation to a 'two-dimensional' radome, and it is
suggested that the reader acquaint himself with this more simple case before
attempting to understand the more complex analysis and procedures required
by the three-dimensional geometry. We have omitted from the present
Memorandum such details as are common to the two cases , and have in-
cluded here only those festures-as are unigue to:the:three-dimensbonil geomeétyy.
Nevertheless, it has been our intention to include full details of the complicated
analytical techniques which the geometry entails, and print-outs of the resulting
computer programs oanobelfoundiin:the Appendtx.

We believe that these programs constitute a unique and versatile tool for
assessing the influence of the radome (and, if present, plasma) on the behavior
of a monopulse system, and because of the considerable experience gained from
the study of the two-dimensional problem, the programs themselves are rather
efficient. In spite of this, the running times of the program are not incon-
siderable, and the contract funds available have permitted only such test runs
as were essential to the checking out of the program. As an indication of
these running times, we may note that each of the test runs 1 and 3 dis-
cussed in Section VI took between 3 and 4 minutes on an IBM 360/87 computer,
and were the sampling distance reduced to no more than the 0. 2 value re-
quired for an accurate pointing error determination, these times would in-
crease by at least a factor 4. The times will be greater still at wide angles,
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and yet greater for the ogival radome where the computation of the ray inter-
cepts is more troublesome. To compute the pointing errors for a variety

of incidence angles (in two directions) and polarizations would therefore require
no small amount of computer time.

In conclusion, it should be emphasized that because the entire ap-
proach has been based on ray theory, the results obtained are only approxi-
mate. It is our belief, based primarily on the detailed studies of the two-
dimensional geometry, that the values for the pointing errors obtained with
these programs will be accurate to within 1 milliradian, but prudence
would dictate that before complete reliance is placed on these data, some
attempt be made to verify these conclusions experimentally. We await such
confirmation with considerable optimism in the outcome.
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COMPUTER PROGRAM PRINT-OUTS
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MAIN PROGRAM (Conical) -

DIMENSTON |(4),M(?),N(3),DN§3),

XLUC3) g XML (3) 4 XNT (%),
X1.2{ “)7\M2(.‘*)9XI\12(.‘”9
XLA(3) g XM3(3),XN3(3),
XL4(3) 4 XM4(3) 4 XNG(3),
XL5(3) 4 XM5(3) 4y XNS(3),
XLE(3) 4 XM6(3) 9 XNA(3)

TN N~

DIMENSTON AMPVAL(4,48)
COMPLEX VALUE (4 48) y SVALUE e
COMPLEX VY3 V243VM3,V4,V]12,V23,V34,V4]

REAL L ogkiy N _ e
REA. Kl .
CORMMITN VALUE/R/KEON , MAXN/RR/ANEX

ComeON ITRRR/MGL $ GG,y L

DATA PT/3,14145927/

DATA DELTA/L 0/ DELT /040689 /7

pﬁ:/\l- SLnTX(‘#qRV)/3.8513."50—3.*‘59'3.R59306513.659"34"6‘-’9,"‘30(’5}"

1 7025720 35'_70 3“"-70 %59201%9701.%'_20159"7.]‘7'
D 2_._3:‘_,»?;»15_,:_2- 3";7_'_'_?“_. 3h4NH854N, R e=()sRYH =0 o Hh,
3 Nebh4NehL =N h5%,=0, b530 0850 RSy =1aBh =), 1Y/
REAM| SLﬂTY(4,R)/0(78,—0.78,-H.YR,0.7R,?.KOH,f?.HOb,—?.305,2.305,"_”'*
1 NaTBy=04 T8By=0,78, 0 TH9243054=2.3054=2,305,2,305,
. i ] 3e839=3,83,=3,R83,3,83,0.70y=04TBy=1)eTRe0, TRy e
3 26305,=2,305,=2, %ns 20305433083y =3,K3,=3,83,3,83/
(. SACRLE _JNPUHT_DATA
(. EINPUT ANGLEX=15, g ANGLEY=5, y (IMFGA=10, ,
C DSTEP=0,43DA=5,25  MMAX=13 ) NMAX=37 o KPLSHA=O 3 ANEX=2 45 KEMND e

FAELTST /INPH]/AMGLFX,ANGLFY,HMEGA,DSTFP,UA,MMAX.NMAX,KPLSMA,ANF*

1 READ(YL, INPUYTY _ o R e
MRTTE(AyB003)ANGLEX g ANGLEY s OMEGAsDSTFP 3 DA y MMAX o NMAX
— 20032 FORUALCLIHY G *ANGELEX=Y o FO 2/ VANGLEY =1 s E6 2/ VUMEGASY ok b2/

VYSTER DR DATA='Y 4 F6,2/ YCONSTANT A='yFb.2/

e 2 Vi (MAX)=Y 15/ YN(MAX )=, 15/) — e e

THIKPLSHA kO, 0)GH TO 1Y
HRTITE(A, 5004) e _ .

'>MBHna FORUAT(YOTTH PlA(MA')
fr' .ll\ 1/3

15 Ve T T (Ay 3005)
C200K ROREAT(NO PLASMAY)
16 COOTLiNIE
VI= (0, 0y ) L
V2=(N,4,0,) : I

—_— VEE (D g 00

Vaz (N, 40,)

HOLEANMGLEYEPT VRN,

Cial =R YT /yan,

RN &-4'1/\.:»'1’4;(‘./::,:0)1/]Q()‘

Y)Y =CQT (il )
LY E=CLS (P GL)ESIN (L GL )

POy =0 (b0 )50 S (Gl )
(M) =C0S GLY=CNSROIEGA)
S RN RN ST I (H&(PHHFGA)>§IN((GI)+\IN(RHMFGA)’CH\(Fﬁ0)
()==CTo (Gl ) COSTROMEGAYCOSICOL)+SIN(ROMEGA)L®STI I (CGL).
T Ay SN ) LYY G (2 41 (3)

BECE OLA B I I N 2L = 1003 g AX g 2HM=F 10434 3X 3 2LNSE1OLA)
: '!‘(“{‘“’7)1(1),”(7)9“(4)
R A N S S R IR I TR RPN 2X, .‘Hh“ll'—'f*]:0.3o?.XoBHNlél‘lO.B//)
T VT[] gy i0)
VLR, b1/ 2 60
nol _—.(,./.’/:':;)] /] }‘\(".
U - 1




AA=TTA (ANCTINGY

P Ta=0b L YA+D LY/ STN(AAGCON)
TowneN=)

D7 = TR NAA

D11 (= ,4

NPT =1, 8

I B S SRR S WD EX EAN I

1= (0 2103 21.(3)
CP== (8O +G13AN)
CAZCVRAATDE] TH+43 %43,
(o= 2=0 5073

TH(CA W17 00) GO T 20 T T

LChESar(ea)

77V=(=02400)/2,
7772=(=02=(%) /7., o
TH(77) WGTe 727221060 TO 2
7ENDY =77

Jrh2=772

L0 29

21 7Rein=772
G0OTH 2D '
200 TR (fyR0N0N) A T
S060 =i AT (Vi) TeTERSFCTIAN FOR LENDT)
R A ) B

27 CORTTeg-
SOB2=CORT (1 4= (3 )% (3))
= ntig AX )

TIANCVCT I § SV TS
To=] = AX=]
—XC1=1pSTEP/ZSON2.

SIREENSTE [ IS RIRY SV
RES TR |
Y0220 Gk (DA=TwsNSTEP) /SOND
VU= (L)L (3)XC2=X0 1%L (2) S
Vima (2 ) 5 (B ) X2 +XC ()
—— Ll A N SR O E N AR YN )|

TRl (1)) Gk, D,00NVYGH TN 3
JTod=Z o=y (3)/1.(1)

(ol T 9

e (A QL (2)) JLFe O,001)6G0H TH 42
T o=l 0=Y00R (3) /1)

7T GGT G DELTA JAND . 7INT (T, DELTRIGO TO Y9

»

T (7T oGTe DEFLTAYGH TH 80
iQIﬂm:l
N
DT (1 M) G0, 1 )60 TH A3
o 00y

BT R0, O M, YO (F0, 0,160 T 99

P T e D)) TH KT
e G an ’
VAR AN NS |
I T R
TN T =0

L B KL

e TSTG G RO ) GO TO A0
JeTe=/1ing
(B EE R |

A R YA N]

0 I SRR ST
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'SUB-PROGRAMS - SECOND, THIRD, FOURTH, FIFTH (Conical)

C T TR SECTTON POTNY

— e i

CALLL ')]"."(I”".T/\QAAOX(“?Y”!7,()'|.QX]QY],7‘..'(‘(‘,']§[(;M)
T (KT0 6T, YYen T gy
{70 G0k ZEnD?2)G0 TN
Ti 7y JGhk, angynn 1noug
(. Coptlpl DSV ANMGE
e A IHEDTS T X D YOy 20 e g X e YLy 2 1)

r EPa D DEETVATTVE () PO

C ETAD MO MAL DIRECTTON AT TNTERSECT POINT
CALL PuOR XY,V AR RIYAYIE

C FTaD COMSTANTS A % ROAND GAMA —
CALL CONMAR g My DNy GA ¢ Ry (GABIA) :

TN ARGLIES ALPHA AND BETA

AL NG ESTL o Dy GAMA G ALPHA RETA O KTCK)

TE(KICK J6T, V)60 7O 94

TE(RPLSIHA (k0. 1YGH THO 62

c0OI0 AR o
62 CALL PEASHAIXY g Y1071 oLy My Ny DNy GAyGRyGAMA,

1 ALEHALZRETAGZNLDZyNELTAZ AN PATH, 10
T (IO JFOe 0)60 TN 63
~ooIn gy o
RAY viTIL PASS EFROM WEDTUM 1 TH P
r. COWPHAE T12 AND R12 _ L
3 CALL TRY2ZIALPHAGRETAZRI?ZP,TI2P R12V,T12V)
GAc AR=SORT ((GARTI2P )50k 4 (GRRTI2V ) %)

D

AP =(A AR
, CALL WEWCOR( g Mg Ny GAyGRy XL g XMLy XNYY
C COSPUTE DIRECTION COSINFS NF TRANSMITTEND RAY
CALL TRAMSHIGA GG AL PHAGBETAGTI?2R T12YV,.
boXD Y g X1 g XN g GATTAR Y X2y XDy XND)

G kaY MILL PASS _THE INNER _SUREACE
G COaPUIR TR TMTERSFCT POINT
CAlL PTMT(DELTRy ANy X1yY19Z), XL29X24Y29224KICeOQ) . . .
TEHIVTC (GT, 1)GO TH 99
PATH=PATHEDTIST (X Y19 ZY gy AMNEX 9 X29Y2422) . o -

PAT=PATR
U= AR

CALL Rotea (Y2 3243724301107 4 Div)
CALL CONABREXiE2 ¢ XM2 3 DiNg GA 3 GB g GAMA) e
AL AL S IXE? DMy GAMA G BETAG ALPHAy 1 4KICK)
B T (WK (GT. YYGO T 9y
C COSLUIEFE T21 AND R2)
o COM A2V (AL RPHA g RETAGZR2IP$T21P,R21V,T21V)

(A AR=SOPT((GART2IP ) %824 (GRETD IV ) %% D)
AARRESORT ((GARR2LP) k2 + (GRER2LV ) %%
Lo Iz AP st(GAAR
N = AP (AT A AR
IEVE S

R e VEVCI XD 2 g XD g XD g Ay (GRy X 3y XMA, XNR)

. o BUTE DIRECTTON COSTMES (1lF TRANSMITTFD RAY

CO TRAGSHON g GRy RETA G ALPHA G T21P g T21V o XL3 g XM3 g XNH,
| /\I-'XI_(‘,XMA,XN(L)

ARER .

AT =0 g X g X2 9 Y2 4724 X34Y34734300DT 4K )
P07 gty )G T A0

e (74 G e ZFETENGI T 3
R

Y =i T4 o) i
COLE AT MR T g Y3 g Y3 X1ty Xiad
VoSl iy g S TY o TT Ty 0y AiMPSL)
PG ane GYGH TU DY

O T A TR NI N 57
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[NNE T PR N Y ( ,'\,:I;‘(H |)
A A e S RO SKD
DA PSS ach
SV CaR AP R g AP T

VAL (T TT o Y SVALUE(TTT o ) - SVALLE
SYO e -
Gy ) s
BYOCALL SECHND (XL Gy XA g XNA g X2 g Y2472 9 ANy TNDIEX
SV DL A DL TR  PAT g TARP 1y TS TGNy ZENDTY 7 ENDY )
B2 O R CTUGA GGRYBETAGR2 1P g R2 TV X1 3y XM g XN3y GAMAH ,

- 1YL gy X1
I RENRES _ _ ‘ L L
CALL REPRAT (TRDEX g DELTAyDELTReAAGX24Y2 07729 X1L 5 XMb ¢ XNb g PATH,
VR Ty ARPR g XAy XMb g XNG g X39Y337330DDgKylg3) N
KA CR=AMPR .
. NebzAapy - —_

PAT=PANITH
TR o0, 1)YGH TOH 4)
T o0, O)G1) T 9Q
TH(73 7. ZFITNYGO TO 44
(300 JiY 42 )

64 CALIL_SECONDIXL S o XMA 4 XNG ¢ X2 0 Y2072 AN INDEXe DELTAUFLTB e PAT « TAMP oL 4

1 TSTGNGZENDYL,7ENDD)
cnoTn aw

G D TI=DHh+pPATH ,
CAVL APSLOT(AMPT X33 Y3y XLb o XMb e T
1 SLOIXSEOTY s T 1Ty ddidy AMPSL )
TR RN, a)en TN 9)

AKCI =K COMsnOT
CatN=C T (AKC Y
CS=0=CnS (AKGOR)
fonrl =hap S SKD o e
PR T = AP QLS KD

SVALIE=CHPLX (APRI g AP T

VALYECTT Ty JII) =VALUE(TIT y JJJ) +SVAILUE
GY R Tl - e
G2 TR(ARSETIAMP) JILEe 04,01 )GO TO 99

TR JLT. 20060 TO 40
QG o T
LIS A SR

FRATIF(Ay0NNTY)
CORY RO A T (IHY 22X g 4HSLNT y3X g 11X 9 6HREAL 36X s 9HIMAGINARY o
VOAX QAR TTHDE/)
N 32 T1=1,4
il AAY =1, R
e H22 T PVALLT J) =CARS(VALUE (T ) )

il a3 121,64
B A3 (=148 B
RTAE(A,GN00)T g J g VALUE(T ¢ ) g AMPVAL( T 4J)

GO L2 SAT (215, AE15,5)

LAY G i

e L2 Tz, R

VYIsuravp bl ,1)

CDEV2EVALE (2, ])

VAV SNV AL (3, )

CAEMALN R (A, T)
A I ST R SRR TS

VA= ()

vz
VL= ARG (V)
VL = (RS (V)
METY=ATALD (ATMAGINVY) G REAL(VL))
B2 TR (AT NGV ) g REAL(V?) )
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'

PHTA=ATAND (ATMAG(V3) 4 REAL(V3))
PUTAa=ATAN2 (ATMAG(VA) yREAL(VG))
MY D=V A
(RS VSR VAL
VARG =V G
VAl =Vas
—MIZA=CALS (VL2
VD2SA=CAS (VDR
VRGA=(CARS (V34)
VOTA=CARS (VoY)
PHTI2=ATAN2 (ATHAGIVY2) g REAL(NVI2YY .
PHTZ23=ATAND (ATHMAG(V24) 4 RFEALL(V?23)) .
PHIRA=ATAND (ATHAG(VAG) 4 REAL (VA4) )
DHTGI=ATAND (ATHAGIVG] ) yREAL(VATY))
MRTTE(A,0004) . e
QONG FNRGATIX/ /10X g V (VL V2 V3, V4 ) 1)
MR TR (64,90064) U R -
QONA ENRMATIITX g bHREAL ¢ AX g QOHIMAGINARY 35X g 1OHARS s VALUE ¢ 10Xy SHPHASK)
MRIAF(A,9002) MG VIA,PHLD,
1 V242N, PHT 2,
V3 V3N, PHIZ,
4 Vo MaNy PHT 4,
o MRITE(Ay0008) S S
9ONS FNRIATIIX/ /10X, W (V12,V23,V34,V41) 1)
MRLTF(A40002)V12,V12A, PHI2,
1 V23,230, PHT 23,
? V3L JNMAOA g DH] b,
3 VG GOV AL PHT G
VAN =Y /6 /P e
VMY =V /0 RAG R (PHT 346=PHT 1)
VY 2=V /0 8RB0 (PHT G =PHTI23)
FRVIRV=ARSTM(VV])
FRDOPH=ARSTIN(VV2) ) o
PR T TR (ALONGR)ERRIIRY g FRRORH
QONE R AT (Ve  VERRORY =1 g E124 595Xy VERRURH=" s E12.5)
GO0?2 FREAT(GLEYISY)
“eoan

i)

D SO PP QO

28 LIS PRINTH
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SHER T Tt -0 st (X ’AX ) 0_».\(_""_,7)_(?_Q‘Y‘_?.y__z‘?__q AN ) 1 |"”.|"x y
] urL1A,urL[H,PATH.HAmv,L,]SIGN.[FNHl,?FNH?,
261 NTY  SINTY )
DT STHING SEOTX (4 38) 3 SENOTY (4 K)
TR S TR INER) o XL (A) g XI(3) g XN(3),
]\’l_]('—\).\’i.] {(3) X\ ("‘)9
N2 X203 g XNP2(3)
AYPRALR) W X3 (3)yXNA (A,
GXTA04) o XA (3) g XNG () ‘
SeXET03) g XMT(3) g XMNT(3)
DTERENSTON | (3) )
COmPLEX VALUE(A4,R) g SVALNE
S a o o\ Y U T .
AL KON
rnuunm vAluk/R/KrnN MAXN/RR/ANEX
INER
1i(ISIGN JEQ D)GD TO 60 .
JkIm=7END)
G0N AL
A TERTw=7FinD)D
AY CONTINMEIF e e o
CALL PINT(DELTH,AA XP,Y?,7? XI.XB,Y5,75,KIC.1)
TEIKTG GT, 1YGOH TN 17
w\]w—wA1H+nI§1(X?,Y?./?,1..XH YH 75)

7= L :
CALL PRNORI(XS,Y5,75, NLDZ ¢ DN
10N I-\,

1O o (T y==DM{T)
CALL CHNAH(XH,XN,DN,GA,GH,GAMA) o
CALL wiEMCIREOX L g XMy XNy Ay GR X113 X4 g XM 1)
 CALL ANGLES (XL aON g GAMA y ALPHA , BETA L0, KICK)
TEFIKTICK GTe 1)YGH T 17
CALL TRI2 (ALPHA Y RETAGRIZP,TI2P \R12V,T12V)
GACARR=SORT (((GASRIIP ) + ( GR%R LDV )%k ))
CAVAR=SOPT( (GAST 2P ) 5%+ (GR%T12V) %2 )
N T=RB AP st(GARMAR
CADRZRACPRGAMARY
CALL RERICT(GA,GRyALPHA, Rl?P,Rl?v XLYLoeXM] g XN,
1 GAL IARR g X2 g XIH2 ¢ XN2 ) .
CALL RECORD(L 4 X172, X5, Y5 7% X6 Y6, 76 UH,K)
TE(K 0, 1)60 TN 10
TE(7A J1LTe ZFIN)IGO TO 30
__an __]r\ 12
an rAll THIRD (X2 4 X142 g XND X59Y5,725yAA, INDEXyDELTADELIR,
1 PATH hepR L, IQIEN,ZFNDI,ZtNUZ,SLOTX,SLUJYL~-_~~.M_

(0 G 1
11 D=0 bATH e e
CALL APCENT (AHPT g XAy Yoy X124 XM?,
e L SEOTY G SUNTY g 1T L Jul g AMPS] )
TECID0 o-0y 9160 TH %)
AV =K Cnds iy
CSxn=CNS (ARG
VST (A C O
Foidl = RSy SK D
RS B AN N N2 : N
SMAL = X (AAPRE G MaPTI)
SELUECT Ty ) =VALOEETT Ty JJJD)V+SYALUE.
S G T
Voo TEASI (G Gy ALPHA G BETA, TI2PyT12VyXL1) XMLy XNy
1 hivg ¥l 4, 713y X3
20 dd=gd+r et e e e
CALL 'ov&Al(lHHlX,HFIFA,HFI1H AA,X% YH /h,Xl% xm« xN&,PAln,
60

S i et g g e s e e o o




U S A A R RN I AR NI N AN AR EIAF S N RN N
R N (O T R R B N I B AR B
T (WK a0 o )G T 1Y
TE(77 o1l Te 7HTMYGOETH 3
G0 A o ) O
31 CALL WHINH(XLY,XMV,XN/,XH,YH,Z%,AA.INUFX.UELTA,HELIH.
1 DATH AR T o L g TSTON G ZENDY § ZEND2 3 SLOTX 3 SLOTY)
(SR IR RO -
13 Dh=nb+pATH .
TELARSEACRTY (1Te 0,07 YGO THO T
CAVL ARSLOTCAMPT o X7y Y Ty X174 XMT
U SEovIY o SUNTY oy TT Ty 0y AMPSL) 4
TR G0, 9)Y G0 TO 9
COAKCON= KGN
CSKN=COS(AKC N
SREKD=S TN (AKCHM)
N PRE=AMPSCSENY

AV PT M= AP RSNKD
SVALLE=CMPLX (AMPRE g AMP T 1) o B o o
VALUFRLT T o JJY=VALUF(TTIT g JJJ)Y+SVALVE
C L9 Chw ik - e L
14 TFIARS(ACPT)Y JLFe 0,01 )GH T 17
[F(JJ_ okl 20)G0_T0O 17
(0 76y 20
17 2ET0RNM L ) B
(SRR .

SHHROUTINE THIRD (XL o XMy XN g X23Y24 22 ¢ ANy INDEXy
VOFLTIAGDELTRy PATHRAMP Ly TSTGNy ZENNDL 3 ZEND2
2 NTX S nTYy L
DTk RSTOM SENTX (6, 8), SLOTY(648)
DTEERMSTON DMER) 9 X1 (3) 9 XM(3) g XN(3),
TREY(3) o X (R) g XNT (3),
2%12(3) W02 (A) g XN (3,
AXL3(3) X3 (3),XN3(3),
GUTALR) g XA () § XNG(3)
SeXLTA) o X7 (3) g XNT(3)
DT QTN L (3) -
CORRULEY VALUF(648)SVALIF
AL
RE=AL KGN
i VAL U /R /KCNN g MAXN/RR /ZANEX
ARER
T-ISTRM (RO, N)GO TO 40
TET =T RN
oty T A
4N 7 o= e
L) 0 Tl

CRrl DT T DFLTR AN X2 0 Y2472 XL g X5 9Y59254KICy1)
V(AT o6GTe 1)6G) TO 1T e
AAHEZDATHEDTSTIX? Y2 9723 1e 9 X5,Y5,75)
FaZ=TihEXehn ,
EALL B i (Y Y94 754D1D7 g DN
—— A =Y
1O (T )y==(])
CRLL G AR (g Yy iy GA  GR g AN ) o
CALL T O A o A g XNy A g GR g X119 XM1 ¢ XN1T)
CMUL R ES XLy DRy GAMA f ALPHAZBFETA O, KICK)
eIV 0T, 1)GH TO Y
CONL A2 AL g 1ETAGRI 2R, TI 2P 4R 2V, T12V)
AR = CORT (AR D) k2 4 ((GRAERY 2V ) ek )
Rl SORT A (GASETI2P )52+ (GRRT IV ) k)
C i Ea e (A A
s (G APR ] )
s w~FICT(GA,GH,ALPHA,R]?P,R1?V.XL],XMl,XN].
e - 61 — —




T CAGAIGL X 2y XD g XN )

TE(R oty VG0 T 1)

TR(76 J1Te ZETNYGO TO 30

Gy 1R

10 CALL FOURTHENL2 g X029 XN g X5 g Y54 25 g ANy TNDEX ¢ DELTA g DEL TR PAT I,
A PRl g TSTON G 7ENDY 3 ZEND2 3 SLOTX e SLOTY)

[PY R ER T ]
11 D=0+ PATH

CALL APSHDT AMPTYT y X6y Yf\y XL2 o XM?2,
ToSENTYGSENTY o TTT g dJdy AMPSL)

TR o FO, 9)YGH TO 91

AR = ) )

CALL EFCORNCL 4 X127 g X5y Y5y 75y Xy Yoy 7 g 119K )

CSKN=COS (AKE NN
Sk =S T (AKC LN
NP = AN RS RCSKD
A Tv= AT P S s SINK D

SVALUF=CAPLX (ANPRE g AMPTH )

SMAE LT T ) =VALE CTT e JJ )+ SYALUE

Q)] Con T IMUE

12 CALL TRANSHEGAGRyALPHAyRFTAZTI2Py TI2V, XL g XMLy XNL,y

1 OGAAR X3y XN3, XN3)
20 0J=004)

CALL REPEAT(TNDEX yDELTALDELTBy ARy X54Y 54254 XL3 s XM3,
-_.-____.l. A "),T_! .A 'lf.‘.),A‘{_l.X_L‘-.,_!.x.i"‘? ) XJ“ TeXT, Y1 o L1 DD oKKol o JJ)

XN3 4 PATH,

THKK JFOe 1)YGO TH 13
[E(YX JEO, 06N TD 17

Te(77 «1.Ve ZFINIGD TH 3)

ST TEER RN

3] CALL FOURTHXLT g XMT o XNT o X5 Y575y AN

yINDEXy DELTADELTHy PATH,

G 7 e
1% D=DP+PRATH

TFCARSCARPT) o 1Ta 0,01 160 T0 17

L NPT Ly ISIGMN,ZENDY ¢ ZEND2 » SLOT X, SLOTY)

(“.I\.LL /\PSI-UT(AMPT.X?,Y-/'XL'(,XMY. .

1T SENTXySINTY S TTT40JJyAMPSL)
IR(JJd k00 916010 51

PRCUE MO D
(‘C'-/r]:r,”g(’\l((:[“\i)
S o= QT (AL n)
LR = AR SN
DT = A Sl ESHKD

SV =CERLY (ARPRL g AP TI)

VAL ECTT Ty DA =VALUE(TT Ty JdJJ) +SVALUE

WY 0 g

o TGRS OARPT) JLE, 0,00 )60 TO 1T
Ir{Jd oGke 20)60 TO 17

S0 T 20

T B S 11T

t )

COen TR FOMETHOXL o Xl g XNy X2 9Y2 422y ANy INDEXy . .
1 d“lih.HELTM,PATH.HAMPoLqISIGN,ZEanoZFN029

2NN G SLNTY)

PERLSTON SLOTY (40 #)  SLOTY (4, R)
e N S SR TAN SCB D S & L X03) ¢ XN(3),

VRl ) g XY () e (3,

2R g 2(3) /N2 (3),

AVLRLA) g X3 (%), Y3 (3),
AV LUL) Y b () g il ()
e ZLTTER) g 2T (3 )y XNT(3)




DTrknCTOM | ()
COmPLEX VALK (4 y8) 4 SVALLUF
REAL
):l-.\|4 l\’(',|],\|
Crvarif VALUE/R/KCOM g MAXN/ZRR / ANEX
Ja=1
[ECISTEN  JEOL 0)GR_TU 60
7ETri=/ NN
CooIn A
AD FlTN=7 0012
'S MBI B SNTHTE e
CAlL wrmT(anTn.AA,XP.Y?,Z?.XL.Xb.Yb.Zb,KIC,I)
CTRIRTC GGTe Ve 1007 N
PATHEPATHADTSTUX2 0 Y2 972410 9 X5,Y5,75)
D7 = TnDEYCAA _
CALL PRI (XS, Y S 75,DLNT 4 DN)
D10 T=1,3 » L
10 (T ) == (] )
CAT_CONAR(X Iy XNy My GAy (G y GAMA )
EK[C’NEchR(xL,xm,xm,uA,nu.XLl,xM1,xw1)
CALL ANGLFS(XL,HN,GAMA,ALPHA.HFTA,O,KJCK)“M__‘ N
TRAKICK o6GT. 160 TN 17
CALL TRIZOANLPHAGRETAGRYI2P TI2P,RI2V,TI2V) R
CACARRSSORT ((GARRI2P) 552+ (GRYER L2V ) 5%%) )
GAAR=SORT (AT IR )52+ ((GR%T]12V) %%
AP T=BAMPRGANAR
A d 2= BAMP (A MA A V o
CALL RPFLCT(GA,GH,ALPHA,R]?P.RlZVoXLloXMl9XN19
LOGASARR G X2 g XFiD g XN D) . L
CALL RECORDOL g X129 X593 Y54 254 X6y Yoy 764DDyK)
IR a2 1)GU_T0 1
TH76 J1.Te ZFIMIGH TO 30
CR I I e e
AN CAld FIFTH(XL?,XM?,XN2.X5,YS,Z5,AA,INDEX»HFLTA,HFLTH.
] VﬁTHvAMPRyL9ISIGMvZENDl,ZENDZ{SLUTXJSLDTYJv”.“muu
i 30y 12
— 11 NO=0R+PATH _
Cal APSEOT(AMPT X6y YOy X129 XM2,
Sl SENTYGSLOTY W TTI 4 JJJdyANPSL)
TR o F0, 9)G0 TN 8
/‘,'-\'rf,rf:}((:f]“:::‘)')
CSEN=CNS (AKGHN)

— S ESTR AT
it = A .,Vgl_;;t('lgkf)
£l =ArmpP SLESMKD L
SVAL =Gl | X (AMPR g AMPTH)
VETECTTT o ) =VALUE(TTT ¢ JJJ ) +SVALUE
S T
S A W 1Vﬂ”5“(6ﬁLGBJALRHA.EETA.TlZP.TlZV.XLl.XMl.XMlL
Vs A X3y X4y XIN3T)
70 =g+ . . e
ra “FPPAT(INUFX,HFLTA,UHLTH,AA,X50Y59250XL3,XM30XN30PATH’
1 w.vr,AlVJ,va,xw7,XM7,x7.Y7,27.DD.KK,L,JJ)“~_”M,WN_M
Pifow ok 16O TO 19
T S SN Y NG I T NI IR Y A
HA7h o l.Te ZFTe)GO T 3)
G T Y 4 . C .
<1 Gl rIbTH(YLY,XMY,XNY,X%,YS,ZH,AA,INHFX9DEETA0HFLiH.
1 on gt PTyLy ISIGNyZEMNLy ZEND2 y SLOTX,SLOTY)

(AT A

63_




—_—9) CUNTINUE

13

—CSKD=C0S (AKCON )

14

17

l\l\ N PATH

TE(ARS(AWPT) o LTe 0an1

CALT APSEOT CAURT o XT3 YT o X1 T o XMT

Y TH )T

TOSLIINGSEOTY g TTT g0y AMPSL)
RIS ok 0) 60 TO 91

ARNCOM=ICC NN

SERN=STR(AKC )
AR PR = AP SLEESKD
AP Tz AP S S NK D

SVALUH:=CRPLX (AMPRL y AMPTM)
V\lHk(YII,Jll)—VAIUF(IIIvJJ|)+\VAIUF

TECARS(AMPT) JLE, 0,01
TF(IJ oGEe 20060 TO 17

G160 20
RETHR
t=r i

VGO TO 7

SUEULINE EIETH(XL o X149 XNoX29Y2472 ¢ AAo INDEX,
U DVELTAGDELTRy PATHyRANMP Ly ISIGNy ZENDY 9 ZEND2,

ZSLOTX L SLOTY)

DTebnSTON SLOTX (4yR) ySLOTY (4yR)
DT VENSTON DN(3) g X1L(3) 9 XM(3) g XN(3),y

CANLT (), X1 (3) XN (3)
_A? \\'| ? (,2.)_L.X,_1”_7_(.'4~)._7 XN 7 ( ’%_) [}

10

M

AV A(14) e XM3(3) QX'MB(.%)’

Grl A (3) g XMOG(F) ¢ XNG(3)

SeXETE3)Y o XMT(3) g XNT(3)
DTAENSTON L (3)

auwuLFx VALUE (64 8) y SVALIE

cAL L

A KON

Crncin VﬁlHr/R/KCUN,MAXN/RR/ANk U

Ju=d

CALL PfNT(HELTP,AA.XZ,YZ.ZZ,XL4X54Y5.Z5.KICLI)_m.m_“nww_‘
1

TR(KTIG J6T, V)6 TO ]

PATA=PATH+DISTAX24Y2472414¢X5,Y5,75)

NN =T EYNA

CALL PR (X5,Y5,25,DLNZyDN) e

NN I=1,3
DTy ==nai (1)

CALL CORAR (XH XMy DMy GA Y GRy GAMA )
AL R0 (XL o XMy XN 3 GA

Mo GHa XL o XML o XNY)

CALL AGLESIYL g DNy GAMA G ALPHAZBETA0,KICK)
TF(YICK (6T, 1160 TN 1/

CALL 1217 (Al PHA, RETA, Rl?p,fl?P,R17v,T12V)
uA-AkﬂzﬂﬂRT((CA*RI?P)**?+(GH*R]7V)#*2l“A‘

CACTARZCORT((GARTI2P ) %%+ (GR%TIPV ) %%xD) ..—

2/1:»',/1 b (5 /\f /\P

=N (/\H!‘\HH

T (st (L F, Ny )(,lfTH 7
CALL BERLGT(GA ) GRYALIPHA, R)?P,R1?V,XL1'XM],XN1o~

VOGN YLD X14D y YMD )

CALT O] o X129 X5,Y5,

e a0y )60 TH_ 11

Z‘),XA,Y6976,[)I).K)

A RN NN B
RN NN Y

o POSTOTIAART ¢ Xy Yy X174 XMD,
VoS OTZ 3 SEOTY o TTT 0004 AMPSL)
Te (00 o0y Q)G T 9]

Lo = Oy e
CCryi=.n8 (/\V(:HM)
Co =t vt v e iy
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N = A p K]S D
Mo >[.‘—_-/\.,p.\‘|‘:;:‘:.’||._',)
SVNLUE=Cop X AMPE ] g ARMPTH)
e VALOECT T JOd) =VALUECTLT o JJ)+SVALYE ~ ——
a1 Comd el ;
R P T TRANSH Ay GRy NPHA G BETA TL2P s T12V XL Ly XMLy XNL
VOGRAVAR SN 3, XIR g XM
AR RENNES] .
CALL kFDEAT(INHFX.HFLTA.HFLTH.AA,XR,YS.ZS,XL3,XMH,XNB,PAWH,
VAT g A XL Ty XHT g XNT g XT g YT 3774 DD g KKy L g )
TEIKK o0, 1)YGE0 TO 13 '
TRHKK -0 N)YGO TR 17 e
GNOTN 14 _
13 DD=DD+PATH _ e
TEOARS(ART) 1T, 0,01 16O TO 17 .
e O ARSENT (ARPT g X T YT o XL T o XMT
b SLOTX G SI0TY TTTydJJdy AMPSL)
TECIID (B0, QY6 10 5y e - e L
ARCION =K C O
CSKh=Cns(akcoNny _ o
SOKND=S T (AKCON)
Lo L=A PSLCSKD
AR Tz AMP SRS NK ) .
SVALUE=CMPLX(AMPRL,AMPIM)“mm_-MHWHHJ_W___“_m__mwum_w.wwm”_,. } o
VALUE(TTIT o JUJY=VALUE(TTIT 4 JJJ) +SVALYE .
B GO TINUE e e AU e
14 TE(ARSIAIMPT) JILFe 0,01 )6GO TO 17
IF{JJ_.GFE. 10)60 10 17
G T 20
17 2FIURN e
En .

..340 LINES PRINTE
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" SUBROUTINES (Uonical)

SHRROUTTNE B PEATCTMDEX g OFLTAyDELTR g ANy X24Y2 477
Vo XN g NN g XN g PATH g AMPT g AMPIR ¢ X1 0 g XM& g XNE
2 NRZYR073, D1yl G] g 0)
DTEENSTHN DN(3) 31 (3),
CANE 20 G X2 (R XN (3],
2X1A(3) N3 (3) (XNA(3),
CRANT AR G NMA(R) g XA (3,

AXT N 3) g Xmh({3),XNKH(3),
R\LA(%),\-A(R),XN6(3)
SALLL
rhluﬂM JRR/ANEX
CALL PTRTIDRELTAY AN X2 Y79/7’XL5 X]9Y19719K1r94)
_TRETC, oGT, 1) 6N _Ta_1n

PATHEPATHEDTSTIX?2 4 Y2972 s ANEXy X1y Y14710)
N N7 =TRREXEAA _ )
CALL PIUORF(IXT4Y1a 721 43DLD7 4NN
DGR T=1,3

GR DN [T )==DN(T)
CAL L CORMAR(Xib g XN 3 DMy GAy GRyGAMA)

CALL MEMCOR XSy XME g XNy GA3GHRy XAy XMA y XNA)
CALL ANMGLES(XLSyDNy GAMAZBETAZALPHA,1,KICK)
TE(XTICK LGT, 1)GO . TO 10

CALL TR2Y (ALPHAGRETAZR21IP,T21P4R21V,,T21V)_

CAMARRESORT ( (GAXR2 P )%k 4 ( GRARD TV ) %%2 ) o TN

TE(J) G FEe 2)G0H TN 71

A= AMPREGAMARR
“NI0 1?2 _
17 A P=AeP TRGAMARR
17 CivaTInig : T/ e
CALL PRELCT(GA,GRyBETALR21P, R?]V XLévXMﬁ’xNﬁ’
1 CAUABR, X124 X2, XN2)

CALL PINTIDELTRGAAGX) 3 Y1421 XL2y X?yY?y/?,K[f,ﬂ)
THF(KIC GT, 1)GO TH 10
PATH= PA]H+”IQT(X19Y]9/]9ANFX9X? Y?Q??)
CALL PMORM(X2,Y2422,DLDZ4DN) R
CALL COMAR(XM? ¢ XN2 3 DNy GAgGRyGAMA)
CALL ANGLES(XL2 ¢ DNy GAMA+BETAWALPHAL1 JKICK)

TELKIOK oGT, 1)6O TO 10

CALL TP2Y(ALPHAZKETAGR21P,T21P4R21V,T21V)
CACASSORT ((GART2IP )32+ (GR®T 21V ) %42 )
CATARZSORT ( (GARR2IP )02+ ( GR%R2 IV ) k)
PRl zARsiGAA
iz NI EGANAR

CRLL M EMEOR AL 2 9 XMP2 g XN 3y GAZGRy XL3 g XM3 4 XN3)

CALL TRANSHIGAyGRyBETA9ALPHA s T21P o T21V o XL3 g XM3 9 XMNBy .
T O GA A G XL by Xy XA )

CrLL PERFLCT(GAGGRYyPETAGR21IP ¢R2IVyXL3 g XM3gXN3y
VoA SAR g X Sy X145 4 XNK)
_______“FﬂlL“RhCQ&QjLoXLF,XZJY?;ZZJX3,Y3,73.HD.K)

: PRSI N
](‘ V=
(SR IVAN]

e

b D TR BTET (DFL Ay XNy Y0, 209 DL X1 oY 197 19KICyJdd)

e LRSI LB
"““l(’)“nl(‘)+ﬂl(2)*HL(7)
=N/ (3)/0L(3) _ .

Lw-/w,-/v
F (V) Ry GEDI (D)
SEVEVIIINES
Sm A YYD B

Ly:-?.#(uht, =A+yh-x7u7q) e ' 66
C3=A*A*DEL'DE L-X5+2, IX4Z0-X2*Z0°Z0




2 Cu:sur](\h)'

IFECE BN DA

TRINA Gty 1 V(2
KiC=2

R R N T

PREAY R B S

0

e e——

771V=(=C2=0h) /2, /01

9

772={(=CP+CH)Y/2./0
TECZZ0 wlbke DEL oDRe 2722 oLEs DELIGO. .TO_8. . _ . -
TF(Z77 JGTe 772) GO TN &4
TECII G FOL V)ED T A
' 77=771
- GO A e L ) o
6 /7=772
St 3 L S e
G TE(DDD oEO, 1IGO T T
— 17=772 ~
(~1y T 4
7 77=771 o . e
A XV=XNH(77=70)%DI.{(1)/DIL(3)
~ YV=YO+ (77 =20)%DL(2)/DL(3) e -
71=77
KiC=0 :
CooTH S
R KIC=2 . e I -
§ RETHRIN
i _ A e
FIECTION DISTIXNgYO 3 Z03HNFXoeX14Y1071)
DTS = (X1 =XD )2+ (Y1 =YO ) ¥4+ (71 =70) %%
OTST=SORT(NIST ) HBMEX
PETURM - e e B
‘;,\l“
SHRROAUITTME PRORM (X1 3Y14Z143DLD7Z4DN) L o
DTORENSTON DM{3)
. PI=SORI(I+DLNZ%NILNT7 )
PW2=SORT(X]HX1+Y1%Y]))
hivgyy=xv/ev/e2 - B )
DU 2)Y=Y1/P1/P?
Hiv(3)==N1.N7 /P e e -
F TR N
=il -
SHHOATINE COMAR(MyN g DINy Ay By GAMA)
DTCENSTON M(3) gN(3)yON(R) e -
Sl g
CY=VECTDT (D g M) e e o
G22VECTINT (Niy M)
— GE=SOR T G161 +G2%G2 )
A A==10/03
fma QA5 ] N ~ e e _

e SN A (L)

TR

-l

SN IT I e ANMGLES (L 9 DM o GAMA ¢ AL PHA G BETAS 11, KICK)
L{3)yON(3)
Ui /u;z/m\”:'x

10

11

R RESTRES

LA I |

ALK

R P70 NS Iy

PO ==VRCTOT (L DMy
R D ./(;ﬁl‘}/\

TR (ABS(AVGD) o 6T. 1060 TO 10

(ov i
vi(v=2
ISR A

Trel]1

M

)

g

VG

TH 2
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le‘( eE /\u( 2/ ANEX

G I(\ f'*
2 ARGA=ZARGZHANEX o
TE{ARSTARGA) JGE. 14060 TO 4
IR B _ e e e e e e e i
4 KTCK=?
e A28
A GO INUE
IF(ARGY oGle 04 oANDe ARG2. aGE& . 06). GU.TO_2Y 0
KTCOK=D
(SR N I A

21 M PHA=ARSTIN(ARG?) .
_BRIA=ARSTIN(ARGR)
K1CK=N

23 CETHNN L : L
NN

SHRRAUITNE TRI2 (ALPHAZBETAyRPyTP RV, TV)
GOVl JRR/JANEX
AL RT=A) PHA= -RETA
X = AME Y rn%(ALPHA)/(UR(HFTA)
RP=(1,=6X)/(1,+GX)
TP=2,/(1+GX)
CY=ANEX=COS(RFTA)Y/COSLALPHA)
PVM=(1,=GY)/(14+GY)
TW=2, /(1 ,+0Y)
Wk lllr{lu
=i R e+ et e et e e e -
SHHRNODTTME Tu>1(A|PHA,RFTA RP TP,RV TV)
CORmNN fRRAANEX
M S T=N PHA=RETA
X =AMEXRCOS (ALPHA) /COS(BETA)
RY=AnRXsCNS(RETA)Y/COS(ALPHA)
Phze(l,3=GX) /(1 +GX) ____
TP=2 ¢50X/ (e +6GX)
FVz=(Vo=GY)/(V4GY)
V=2 ,5GY/ (1. +6Y)
2R

TS
SHRROTTTIE MEHMCOR (1 yMgNgAg Ry X g XMy XN)
DT ENST O l(3).M(3),N(3)'X|(3).XM(3),XN(3)
RN | gl g N
Dy 3N 1=1,3
YL =101
KT =Asin (T Y+R%EN(T)

Ay T ) ==Ra (T +ARN(T)

1 je ‘|| Jw it

—— I S

r"l)

SHED AT ik TRANSM(A, By ALPHA,RETA, TP, TV, I,M,N GAMA,XI,XM,XN)
DI S 0N L(J),diajdﬂun_XL(A).XM(B).XNlax
TSI Y] (3)yYM(3) g YN(3)
WEAL Lyt
fLH1=AIPHh-HPTA
iy 32 1=1, e e e e e e e e e e e
v|rr)-(ns(AlvT)>|(r)~SIN(A|nT)uM(1)
coe D) =S T (ALST 2L (1) +COSIALRT ) %M LT
A2 Y= (T
oYY 121,13
/'(l)-Yl(I)
A (D)= (hnTRaYia (] ) =RETVRYN(T) ) /GANMA
(hll VECTOR (KL o Xidg X )
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PFWHRN

H\'H
) KHHPHH1INF REFLCTIA R ALPHARP, RV gl g MygNy (A MA g XL g Xtig XIN)

NTRNSTON I(%)'M(*)oN(%),XI(4),XM(%),XN(%)
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_OGIVAL PROGRAM - Mam}rogram Sub Programs, Subroutines
DIMENSION L(3)yM(3)4N(3),DN(3),

1 XL1(3),XM1(3),XN1(3),

2 XL2(3)yXM2(3)9gXN2(3),y
3 XL3(3)4XM3(3)4XN3(3),

4 XL4(3)9XM4(3) 4 XN4(3),
5
6

XL5(3)4yXM5(3),XNS5(3),
» XL6(3) 9 XM6(3) 4XN6(3)

DIMENSION AMPVAL (4,8)

COMPLEX VALUE(4,8),SVALUE S
COMPLEX V1,V2,V3,V4,V12,V23,V34,V4]

REAL LyM,N

REAL KCON

COMMON VALUE/R/KCON,MAXN/RR/ANEX

 COMMON /RRR/BGL,CGLyL
COMMON /RRRR/AA,CC,4BOUT,BIN

" DATA P1/3,1415927/

_DATA DELTA/1.0/,DELT/0.,689/

REAL SLOTX(498)/3 85,3,85,~3, 859'3.8503 6543, 65,=3, 659‘3 659
263592e6359=24359=243592.1592.,15,=2, 154=2,.15,

2¢35924359-24359=24359048590.85,~0.85,~0,85,
0665904659=0.659=046540+8590.854~0.85,-0.85/

W N
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fa—
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~ SAMPLE INPUT DATA N
EINPUT ANGLEX=15.yANGLEY=5,,OMEGA=104 y
DSTEP=0,4,DA=5,25,MMAX=13,NMAX=37 ,KPLSMA=0, ANEX=2,5,
AA=140.,CC=49, ,BOUT=48, ,BIN=45,832 &END

1 o . DSTEPyDAyMMAXyNMAX yKPLSMAyANEX,

NAMELIST /INPUT/ANGLEX,ANGLEY,OMEGA,

2 ‘ AA,CCyBOUT,BIN
1 READ(1,INPUT)

3003 FORMAT(1H1,'ANGLEX="',F6,2/'ANGLEY=" 9F6 2/ 'OMEGA=",F6,2/

1 'STEP OF DATA=',F6.,2/ 'CONSTANT A=',F6.2/

2 'M(MAX)=',15/ 'N(MAX)=',15/)

WRITE(643003)ANGLEX,ANGLEY, OMEGAyDSTEP DAy MMAXyNMAX _W¥MH>HMM_

WRITE(643333)AA,CC,BOUT, BIN

3333 FORMAT('A = ',F10.2/'C = ',F10.2/

3004 FORMAT('WITH PLASMA')

1 'B(OUTER SURFACE)=',F10,2/
2 'B(INNER_SURFACE)=',F10,2)

IF(KPLSMA .EQ. 0)GO TO 15
WRITE(6,3004)

GO T0 16

15 WRITE(6,3005) . T
__3005_FORMAT('NO_PLASMA') |

16 CONTINUE
V1=(00 90.) )

V2=(O. '0.) T e e R
) V3=(0090‘) .

V4=(0440,)

____BGL=ANGLEX*P1/180.

CGL=ANGLEY*P1/180,
ROMEGA=0OMEGA*P1/180,
L(1)=SIN(BGL)
L(2)==COS(BGL)*SIN(CGL)
L(3)=COS(BGL)*COS(CGL)




M(1)=COS(BGL)*COS(ROMEGA)

M(2)=SIN(BGL)*COS(ROMEGA)*SIN(CGL)+SIN(ROMEGA)*COS(CGL)

~ M(3)=-SIN(BGL)*COS(ROMEGA)*COS(CGL)+SIN(ROMEGA)*SIN(CGL)
CWRITE(643001)L(1)9L(2)4L(3)

3001 FORMAT(3Xy2HL=F104393Xy2HM=F10,343X42HN=F10,3)
WRITE(693002)M(1)4M(2),M(3)

3002 FORMAT(2Xy3HL1=F1063,2X¢3HM1=F10,342Xy3HN1=F10.3//)

CALL VECTCP(LyMyN)
KCON=2,%P1/2.,46
INDEX=1
~ po 1l 1=l,4 -
DO 111 J=1,8
111 VALUE(T,J)=(04s,y0.)

DELTA=CC-BOUT

DELTB=CC-BIN
RADIUS=SQRT(AA*AA+BOUT*BOUT)-AA
ZEND1=CC-RADIUS*SIN(BGL)
ZEND2=CC+RADIUS*SIN(BGL) ,
SON2=SORT (1. =L (3)*L(3))

MM=2%MMAX+1
DO 555 I1IM=1,MM

IM=] IM=MMAX=-1
 XC1=IM%DSTEP/SON2

DO 555 IIN=1,NMAX
IN=TIN-1

XC2=43,0+(DA- IN*DSTEP)-/SQN2
X0==-L(1)*L(3)*XC2- XCl*L(Z)_WW
YO==L(2)*L(3)*XC2+XC1*L (1)
Z0==(L(1)*X0+L(2)%*YO0)/L(3) o R o e
IF(ABS(L(1)) .LE. 0,001)GO TO 3

ZINT=20-X0*L(3)/L(1)

GO TO 2
3 TF(ABS(L(2)) ,LE., 0,001)G0_TO B2
ZINT=Z0-YO*L(3)/L(2)
2 1F(ZINT .GT. DELTA ,AND, ZINT ,LT, DELTB)GO TO 99
IF(ZINT .GT., DELTA)GO TO 80
ISIGN=1

GO TO 81

82 IF(L(3) ,EQ. 1.,)GO TO 83
GO TO 99

83 IF(X0 +EQ. 0. .AND, YO .EQ. 0,)GO TO 99
IF(X0 +GT, 0,)GO TO 87
GO TO 80

"~ 87 ISIGN=1
GO TO 81

80 ISIGN=0
81 CONTINUE

IF(ISIGN .EQ. 0)GO TO 60
__ZFIN=ZEND2

. GO T0 61
60 ZFIN=ZEND]

61 CONTINUE
c FIND INTERSECTION POINT_

CALL PINT(XO,YO,ZOQLyXl'YlozloKICvISIGNQlQDLDZ)
o IF(KIC ,GT, 1)GO T0 99

IF(21 +GE, ZEND2)GO TO 99
IF(Z1 +GE, 48,)G0 TO 99

c COMPUTE DISTANCE
PATH=DIST(X0yY0yZ0yleyX1lyY1yZ1) - S
C FIND NORMAL DIRECTION AT INTERSECT POINT

o ' T LZ4k



CALL PNORM(X1,Y1,421,0DLDZ,4DN)

C FIND CONSTANTS A $ B AND GAMA
~ CALL CONAB(MyNyDNyGAyGByGAMA)
C FIND ANGLES ALPHA AND BETA

CALL ANGLES(L+DN,GAMA,ALPHA,BETA,0,KICK)
IF(KICK .GT, 1)GO TO 99
IF(KPLSMA .EQ. 1)GO TO 62

. AMPR=AMP*GAMABB

GO TO 63
.62 CALL PLASMA(X19Y14Z1yLyMgNyDNyGAyGByGAMA,
1 ALPHA,BETA,PATH,DLDZ,1Q)
IF (IQ .EQ, O)GO TO 63

GO TO 99
C  RAY WILL PASS FROM MEDIUM 1 TO 2
C COMPUTE T12 AND R12

63 CALL TR12(ALPHA,BETA,R12P,T12P4R12V,T12V) _
GAMAB=SQRT((GA*T12P)**2+(GB*T12V)**2)
AMP=GAMAB

CALL NEWCOR(LyMyNyGAyGByXL1yXML4XN1)

C COMPUTE | DIRECTION CDSINES OF TRANSMITTED RAY

CALL TRANSM(GA,GB,ALPHA,BETA,T12P,T12V,
- 1 XL1yXM1,XN1,GAMAB,XL2,XM2,XN2)
C RAY WILL PASS THE INNER SURFACE
C  COMPUTE INNER INTERSECT POINT
CALL PINT(X1yY1yZ19XL24X2,Y24224KIC40,0,0LDZ)
IF(KIC .GT. 1)GO TO 99

" PATH=PATH+DIST(X1,Y1,Z1,ANEX4X2,4Y2,22)
PAT=PATH

DD=PATH

CALL PNORM(X24Y2422,DLDZ,4DN)

CALL CONAB(XM2,XN2,DN,GA,GB,GAMA)

CALL ANGLES{(XL2yDNyGAMA,BETA,ALPHA,1,KICK)

IF(KICK +GT. 1)GO TO 99
C - COMPUTE T21 AND R2Y

CALL TR21(ALPHA,BETA4R21P,T21P,R21V,T21V)

GAMAB=SQRT ((GA*T21P)*%2+(GB*T21V)%**2)

GAMABB=SQRT( (GA%*R21P)*#2+(GBXR21V)**2)

AMP T=AMP*GAMAB

TAMP=AMPT
CALL NENCOR(XLZ,XMZyXNZ,GApGB XL3,XM39XN3)
cC COMPUTE DIRECTION COSINES OF TRANSMITTED RAY

CALL TRANSM(GA,GBoBETA,ALPHA,T21P,T21V,XL3,XM3,XN3,

1 GAMAB,XL4y XM4,yXNG)

JJ=1 :
CALL RECORD(LyXL49yX2yY29Z24X34Y3,423,DDT4K)
IF(K «EQs 1)GO TO 30
IF(Z3 .LT. ZFIN)GO TO 31
GO TO 32

30 DDT=DDT+DD

“CALL APSLOT(AMPT,X3,Y3,XL4,XM&,
1 SLOTX,SLOTY,I11,JJJ,AMPSL)
IF(JJJ «EQ. 9)GO TO 51
AKCON=KCON*DDT
CSKD=COS (AKCON)
SNKD=SIN(AKCON)

AMPRL=AMPSL*CSKD

AMPIM=AMPSL *SNKD R

SVALUE=CMPLX(AMPRLyAMPIM)

VALUE(TIIT,JJJ)=VALUE(TII1,JJJ)+SVALUE
51 CONTINUE

GO TO 32

31 CALL SECOND(XL4yXMbyXNbyX2,Y2,22,  INDEX,
1 DELTADELTR«PATTAMP.L .ISTGNJ7FENNDYI.7ENND)



32 CALL REFLCT(GAyGByBETA4R21P,R21V,XL34XM3,XN3,GAMABB,
1 XL59XM54XN5)
40 JJ=JJ+l
__CALL REPEAT(INDEX,DELTA,DELTB, XZ,YZyZZJXLSoXMSJXNS PATH,
1 AMPT,AMPR,XL4, XM4,XN4 X3+4Y34234DDyKyLy3)
RAMP=AMPR
TAMP=AMPT
PAT=PATH
TF(K «EQ. 1)GO TO 41
IF(K +EQs 0)GO TO 99

IF(Z3 .LT. ZFIN)GD TO 44
60 TOD 42 _ e o
44 CALL SECOND(XL4yXM4yXNGyX2,Y2,22y INDEX, DELTA,DELTB,PAT,TAMP,L,
1 ISIGN,ZEND1,ZEND2)
GO TO 42
41 DDT=DD+PATH

" CALL APSLOT(AMPT,X3,Y3,XL&oXMé,
1 SLOTX,SLOTY,III,JJJsAMPSL)
IF(JJJ «EQ, 9)G0 TO 91
AKCON=KCON*DDT
SNKD=SIN({AKCON)
(SKD=COS ( AKCON)

AMPRL=AMPSL*C SKD
AMPIM=AMPSL*SNKD
SVALUE=CMPLX(AMPRL y AMPIM)
. VALUE(ITT,JJJ)=VALUE(II1,JJJ)+SVALUE
‘91 CONTINUE .
42 IF(ABS(TAMP) .LE., 0,01 )GO TOD 99

CIF(JJ WLT. 20)60 TO 40
99 CONTINUE
555 CONTINUE
WRITE(6,9001) B
9001 FORMAT(1HY,2X,4HSLOT,3X, 11Xs4HREAL » 6X» OHIMAGINARY ;s
1 6X,9HAMPLITUDE/)

DO 432 I=1,4
DO 432 J=1,8 e
432 AMPVAL(I1,J)=CABS(VALUE(I,J))
DO 431 I=1,4
. DO 431 J=1,8
—____ _WRITE(6, 9000)19J[VALUE(I J) s AMPVAL(1,J)

9000 FORMAT(215,3E15,5)
431 CONTINUE

DO 433 1=1,8

V1=V1+VALUE(1,1)

V2=V2+VALUE(2,1)

V3=V3+VALUE(3,]1)

V4=V4+VALUE(4,1)
433 CONTINUE

V1A=CABS (V1)

V2A=CABS(V2)

V3A=CABS(V3) -
____V4A=CABS(V4) T

PHI1=ATAN2 (ATMAG(V1)REAL(V1))
PHI2=ATAN2(AIMAG(V2),REAL(V2))
PHI3=ATAN2 (AIMAG(V3),REAL(V3))
PHI4=ATAN2 (AIMAG(V4) yREAL (V&) )
V12=V1+V2

__V23=V2+V3

V34=V3+V4
V41=Va4+v1

V12A=CABS(V12)
V23A=CABS(V23)
V34A=CABS(V34)




V41A=CABS (V41)

PHI12=ATAN2(AIMAG(V12),REAL(V12))
PHI23=ATAN2(AIMAG(V23),REAL(V23))
PHI34=ATAN2(AIMAG(V34),REAL(V34))

PHI41=ATAN2 (AIMAG(V41),REAL(V4L1))
WRITE(649004)

9004 FORMAT(1X//10X,'(V1,V2,V3,V4)?)

WRITE(649006)

9006 FORMAT(11Xy4HREALy6Xy9HIMAGINARY y5X,10HABS, VALUE,10X5HPHASE)

WRITE(6,9002) V1,V1A,PHI1,

1 V2,V2A,PHI2,
2 V3,V3A,PHI3,
3 V4,V4A,PHI4

WRITE(6,9005)
9005 FORMAT(1X//10X,'(V12, v23 V34,V41) ')

WRITE(6, 9002)v12,v12A,PH112.

1  V23,V23A,PHI23, .

2 V34,V34A,PHI34,

3 V41,V41A,PHI41

VVV=1,/4./P1
VV1=VVV/0,8698%(PHI34=-PHI12)
VV2=VVV/0,8810%(PHI41-PHI23)
ERRORV=ARSIN(VV1)
ERRORH=ARSIN(VV2)
_WRITE(64,9003)ERRORV,ERRORH

N 9003 FORMAT[ '%xx1?, 'ERRORV "9E12.595Xy 'ERRORH=

9002 FORMAT(4E15.5)
GO TO 1
END

"EIZQS’
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SUBROUTINE SECOND(XLyXMyXN9X2,Y2,22, INDEX,

i DELTA,DELTB,PATH,BAMP,LyISIGN,ZEND1,ZEND2,

2SL0OTX,SLOTY)

DIMENSTION SLOTX(4,8),SLOTY(4,8)

DIMENSION DN(3),XL(3),XM(3),
1XL1(3)4XM1(3),XN1(3),
2XL2(3),XM2(3),XN2(3),

XN(3),

3XL3(3)9XM3(3),XN3(3),
4XL4(3)yXM4(3),XN4(3)
5¢XL7(3)4XMT(3)4XNT(3)
DIMENSION L(3)

COMPLEX VALUE(4,8),SVALUE
REAL L

REAL KCON

COMMON VALUE/R/KCON,MAXN/RR/ANEX

COMMON /RRRR/AA4CCBOUT,BIN
JJ=1

IF(ISIGN .EQ. 0)GO TO 60
ZFIN=ZEND1

G0 10 61 T
60 ZFIN=ZEND2
61 CONTINUE

CALL PINTIX29Y2,229XLyX54Y5425,KICy140,0LDZ)

TF(KIC .GT. 1)G0 TO 17

PATH=PATH+DIST(X2,Y29ZZv1.vXSiYS,ZS)

CALL PNORM(X5,Y5,25,0LDZ,DN)"

00 10 I=1,3
10 DN(T)==DN(T1)

CALL CONAB(XMyXNyDNyGAyGB,GAMA)
CALL NENCOR(XLyXMyXNyGA,GB,XLl,XMl,XNl)

IF(KICK .GT. 1)60 TO 17

_ CALL ANGLES(XLyDNyGAMA,ALPHA,BETA,0,KICK)

CALL TR12(ALPHA,BETApRlZPoTlZPleZVoTlZM) B
GAMABB=SORT((GA*RIZP)**2+(GB*R12V)**2)
GAMAB=SQRT((GA*TIZP)**2+(GB*T12V)**2)

AMP T=BAMP*GAMAR
AMPR=BAMP*GAMABB

CALL REFLCT(GA,GB;Atﬁﬁh,RiEb,Rlzv,xLl,XM1.XN1,

1 GAMABB,XL2yXM2,XN2)

IF(K «EQ. 1)G0O TO 11

IF(Z6 LT, ZFIN)GO TO 30
GO TO 12

30 CALL THIRD(XL2yXM2yXN2,X5,Y5,25,
1 PATH,AMPR,L.ISIGN,ZENDI,ZENDZySLOTXlSLDTY}_hwmw_rﬁmm,m_

GO 70 12
11 DD=DD+PATH

CALL APSLOT(AMPT 4X6,Y64XL2,XM2,

1 SLOTX,SLOTY,I11yJJJyAMPSL)

INDEX,DELTA,DELTB,

IF(JJJ «EQ. 9)GD TO 51 -
AKCON=KCON=DD
CSKD=COS(AKCON)
SNKD=SIN(AKCON)
AMPRL=AMPSL*CSKD
AMPIM=AMPSL*SNKD

SVALUE=CMPLX ( AMPRL y AMPTM)

VALUE(III,JJJ)=VALUE(III,JJJ)+SVALUE

51 CONTINUE

12 CALL TRANSM(GA,GB,ALPHA,BETA,TIZP.TIZV

1 GAMAB,XL3,XM3,XN3)
20 JJ=JJ+1

CALL REPEAT(INDEX,DELTA,DELTB,

.1 AMPT,AMPR,XL7,XM7,XNT, X7, Y7

9 XL1yXM1yXN1,y, e

,Z7,DD,KK9L’VJJ)_,"_
78

X50Y5,25,XL3,XM3yXN3 1 PATH, i



[F(KK oEQs 1)60 TO 13
IF(KK «EQs 0)GO TO 17
IF(27 LT, ZFIN)GO TO 31
GO TO 14

31 CALL THIRD(XL74XMT74XNT4X5,Y5,25, INDEXyDELTA,DELTB,
1 PATHyAMPT,LyISIGNyZEND1yZEND2,SLOTXySLOTY)
GO TO 14
13 DD=DD+PATH
IF(ABS(AMPT) LT, 0.01 )GO TO 17
CALL APSLOT(AMPT o XTyYTyXLT yXMT,

"1 SLOTX,SLOTY,I111,JJJ,AMPSL)
IF(JJJ «EQ, 9)GO TO 91 S
AKCON=KCON*DD T
CSKD=COS ( AKCON)

SNKD=SIN(AKCON)
AMPRL=AMPSL*CSKD

"AMPIM=AMPSL*SNKD
SVALUE=CMPLX(AMPRLyAMPIM)
VALUE(III,JJJ)=VALUE(TITI1,JJJ)+SVALUE

91 CONTINUE
14 IF(ABS(AMPT) .LE, 0,01 )GO TO 17
CIF(JJ «GE. 20)6G0 1O 17

GO TO 20
17 RETURN
END

SUBROUTINE THIRD(XLyXMyXNyX2,Y2422,INDEXy .
1 DELTA,DELTB,PATH, BAMP Ly ISIGN,ZENDL 4 ZEND2,
 2SLOTX,SLOTY)

DIMENSION SLOTX(4,8),SLOTY(4,8)

DIMENSION DN{3),XL(3)yXM(3),XN(3),
1XL1(3)4XM1{3),XN1(3),
2XL2(3) 4 XM2(3)4XN2(3),
3XL3(3) ¢ XM3(3),XN3(3),
4XL4(3)yXM&(3) 4 XN&(3)

5¢XLT(3)4XMT(3)4XNT(3)

DIMENSION L(3)

COMPLEX VALUE(4,8),SVALUE

REAL L

REAL KCON

COMMON VALUE/R/KCON,MAXN/RR/ANEX

COMMON /RRRR/AA,CCyBOUT,BIN
JJu=1

IF(ISIGN .EQ. 0)GO TO 40
ZFIN=ZEND2
GO TO 41
40 ZFIN=ZEND1

41 CONTINUE
CALL PINT(X2yY242Z2yXL9yX59Y54254KIC9190,DLDZ)

IF(KIC .GT, 1)G0O TO 17
PATH=PATH+DIST(X29Y29Z29149X54Y5,25)
CALL PNORM(X5,Y5,25,DLDZ,DN)

DO 10 I=1,3

10 DN(1)==DN(I)
CALL CONAB(XMyXNyDNyGA, GB,GAMA)

CALL NEWCOR(XLyXMyXNyGA3GByXL1yXM14XN1)
CALL ANGLES(XL,DN'GAMA.ALPHA,BETA;O;KICK)_m"w__
IF(KICK «GT. 1)6G0 TO 17

CALL TR12(ALPHA,BETA,R12P,T12P,R12V,T12V)

GAMABB=SQRT ( (GA*R12P)%¥2+(GB*R12V) *%2) .
GAMAB=SQRT((GA*T12P)*%*2+(GB*T12V)*%2)

AMP T=BAMP*GAMAB
AMPR=BAMP*GAMABB S S
CALL REFLCT(GAyGByALPHA,R12P4R12VyXL1yXM1yXN1,




1 GAMABByXL2yXM2,XN2) S

CALL RECORD(LyXL29X5,Y5,2Z5¢X65Y69ZbyDD oK)

IF(K «EQ. 1)60 TO 11

IF(Z6 .LT. ZFIN)GO TO 30

GO T0 12
30 CALL FOURTH(XL2yXM24XN24X5,Y5,25, INDEXyDELTA,DELTB,PATH,

1 AMPR,L,ISIGN,ZEND1,ZEND2,SLOTX,SLOTY)

GO TO 12
11 DD=DD+PATH

CALL APSLOT (AMPT 4X6,Y6,XL2,XM2,

1 SLOTX,SLOTY,I11,JJJyAMPSL)
IF(JJJ EQ. 9)GO TO 91
AKCON=KC ON*DD

© CSKD=COS (AKCON)
SNKD=SIN(AKCON)

AMPRL =AMPSL*CSKD
AMPTM=AMPSL%SNKD
SVALUE=CMPLX ( AMPRL y AMPIM)
VALUE(I1T,JJJ)=VALUE(IT11,JJJ)+SVALUE

91 CONTINUE
12 CALL TRANSM(GA,GByALPHAyBETAyT12P,T12VyXL1yXM1yXN1,
1 GAMAB,XL3,yXM3,XN3)
20 JJ=JJ+1 ,
CALL REPEAT(INDEX,DELTA,DELTB, X59Y59259XL39XM3,XN3,PATH,
1 AMPTyAMPRyXL Ty XMT 9 XNT 4 XTyYT9Z74yDDyKKyLyJJ)

IF(KK +EQe. 1)G0O TO 13
IF(KK +EQ. 0)GO TO 17
IF(Z7 +LT. ZFIN)GO TO 31
GO TO 14 , , -
31 CALL FOURTH(XL79yXM7yXN79X5,Y5,25,  INDEXyDELTA,DELTB4PATH,
1 AMPT,L,ISIGNyZEND1,yZEND2,SLOTX,SLOTY)

AN

GO TO 14
13 DD=DD+PATH
IF(ABS(AMPT) ,LT. 0.01 )GO TO 17
CALL APSLOT(AMPT 3 XToYTyXLT ¢XM7,
1 SLOTXySLOTY,ITI,JJJyAMPSL)
IF(JJJ «EQ. 9)GO TO 51

AKCON=KCON%DD
CSKD=C0S (AKCON)
SNKD=SIN(AKCON)
AMPRL=AMPSL*C SKD
AMPIM=AMPSL *SNKD
SVALUE=CMPLX(AMPRLyAMPIM)

VALUE(TII4JJJ)=VALUE(TIIT,JJJ)+SVALUE
51 CONTINUE :
14 1F(ABS(AMPT) .LE., 0,01 )GO TO 17
IF(JJ +GEs 20)G0 TO 17
GO TO 20
17 RETURN

END




SUBROUTINE FOURTH(XLyXMyXNyX2,Y2,22, INDEX,
1 DELTA,DELTRyPATHyBAMP,L,ISIGN, ZEND1,ZEND2,
2SLOTX,SLOTY)

DIMENSION SLOTX(448),SLOTY(4,8)

DIMENSTION DN(3)yXL(3)4XM(3)4XN(3),
IXL1(3)yXM1(3),XN1(3),
2XL2(3)4XM2(3)4XN2(3),
3XL3(3)4XM3(3),XN3(3),
4XL4(3)yXM&(3),XNG(3)
5¢XLT(3)yXMT(3) 4XNT(3)

DIMENSION L(3)

COMPLEX VALUE(4,8), SVALUE —
REAL L

REAL KCON
COMMON VALUE/R/KCONyMAXN/RR/ANEX
COMMON /RRRR/AA,CC,BOUT,BIN
JJd=1 .

IF(ISIGN .EQ. 0)GO TO 60
ZFIN=ZEND1

GO TO 61

60 ZFIN=ZEND?2

61 CONTINUE
CALL PINT(X29Y24Z29XL9yX54Y5,25,KICy190,DLDZ)
IF(KIC «GT. 1)GO TO 17
PATH=PATH+DIST(X2¢Y24722914 X5, Y5925)

CALL PNORM(X54Y5,25,DLDZ4DN)
PO 10 I=1,3

10 DN(I)==DN(I)
CALL CONAB(XMyXNyDNyGA,GByGAMA)
CALL NEWCOR (XL yXMyXNyGAyGByXL1oXM14oXN1)
CALL ANGLES(XLyDNyGAMA,ALPHA,BETA,04KICK)

IF(KICK +GTs 1)GO TO 17

CALL TR12(ALPHA,BETAyR12P,T12P,R12V,T12V)
GAMABB=SQRT ( (GA*R12P)*%2+(GB*R12V ) *%2)
GAMAB= SORT((GA*TIZP)**2+(GB*T12V)**2)

AMP T=BAMP%GAMAR

AMPR=BAMP%GAMABB

CALL REFLCT(GA,GByALPHA,R12P, R12V,XL1yXM1, XN1,
1 GAMABB, XL2yXM24XN2)

CALL RECORD(LyXL29yX54Y54Z5¢X64Y69Z64DDyK)

IF(K «EQ. 1)GO TO 11

IF(Z6 +LTe ZFIN)GO TO 30

G0 TO 12

30 CALL FIFTH(XL2yXM2yXN2yX5,Y5,25, INDEXyDELTA,DELTB,
1 PATHyAMPRyLyISIGNyZEND]1yZEND2,SLOTX,SLOTY)
GO TO 12
11 DD=DD+PATH
CALL APSLOT(AMPT yX6,yY64XL2yXM2,
1 SLOTX,SLOTY, IIIoJJJoAMPSL)

IF(JJJ +EQ. 9)GO TO 51
AKCON=KCON*DD

CSKD=COS (AKCON)
SNKD=SIN(AKCON)
AMPRL=AMPSL*CSKD
AMPIM=AMPSL*SNKD

SVALUE=CMPL X (AMPRL y AMPIM)
VALUE(ITTyJJJ)=VALUE(III,JJJ)+SVALUE

51 CONTINUE

12 CaLL 1RANSM(GA,GB,ALPHA,BETA'T12PvT12VyXL19XMlyXN19
1 GAMAB,XL3,yXM3,XN3)

20 JJ=JJ+1

CALL REPEAT(INDEXyDELTA,DELTBy,  X5,Y5,25XL3¢XM3,XN34PATH,

1 AMP Ty AMPRyXL7 9y XMT o XNT X7y Y7, Z%iDDyKKoLoJJ)



IF(KK .EQ, 1)GO TO 13
IF(KK .EQs 0)GO TO 17
IF(Z7 LT, ZFIN)GO TO 31
GO TO 14
31 CALL FIFTH(XLT79XM74XNT79yX5,Y5,25,

" INDEX,DELTA,DELTR,

1 PATHyAMPT,LyISIGNyZEND1,yZEND2,ySLOTX,ySLOTY)

GO T0 14
13 DD=DD+PATH
IF(ABS(AMPT) .LT. 0.01 )GO TO 17
CALL APSLOT(AMPT,X7,Y7,XL7,XM7,

1 SLOTX,SLOTY,II1,JJJyAMPSL)
IF(JJJ «EQ. 9)GO TO 91
AKCON=KCON*DD
CSKD=COS (AKCON)
SNKD=SIN(AKCON)
AMPRL=AMPSL*CSKD
AMPIM=AMPSL*SNKD
SVALUE=CMPLX(AMPRL yAMPIM)

VALUE(TIT,JJJ)=VALUE(TIT,JJJ)+SVALUE

91 CONTINUE
14 IF(ABS(AMPT) ,LE., 0,01 )GO TO 17
IF(JJ «GE, 20)GO TO 17

GO TO 20
17 RETURN
END

SUBROUTINE FIFTH(XL9yXMyXNyX29Y2422, INDEX,
1 DELTA,DELTB,PATHyBAMP,LyISIGNyZEND1,ZEND2,

2SLOTX,SLOTY)

DIMENSION SLOTX(4,8)4SLOTY(4,8)
DIMENSTON DN(3)yXL(3)4XM(3)4XN(3),
1XL1(3) 4 XM1(3),XNL(3),
2XL2(3) 9 XM2(3) 4 XN2(3),
3XL3(3),XM3(3)4XN3(3),
4XL4(3)yXM&(3)4XNA(3)

5yXLT(3)yXMT(3),XNT(3)

DIMENSION L(3)

COMPLEX VALUE(4,8),SVALUE

REAL L

REAL KCON

COMMON VALUE/R/KCONyMAXN/RR/ANEX

COMMON /RRRR/AA,CCyBOUT,BIN
JJ=1

CALL PINT(X2¢Y29229XL9X5¢Y54254KICy140,0LDZ)

IF(KIC «GTes 1)GO TO 17

PATH=PATH+DIST(X2yY29Z25149X54Y5,15)

CALL PNORM(X5,Y5,25,DLDZyDN) _

DO 10 I=1,3
10 ON(I)==DN(TI)
CALL CONAB(XMyXNyDNyGA,GByGAMA)

CALL NEWCOR(XLyXMyXNyGAyGByXL1yXM1yXN1)
CALL ANGLES(XL,ONyGAMA,ALPHA,BETA,0,KICK)

IF(KICK +GT. 1)GO TO 17

CALL TR12(ALPHA,BETA,R12P,T12P,R12V,T12V)

GAMABB=SQRT( (GA%*R12P)*%2+(GB*R12V)*%2)

GAMAB=SORT ((GA*T12P)*%2+(GB*T12V) **2)

AMP T=RAMP*GAMAB
AMPR=BAMP*GAMARB

CALL REFLCT(GAyGByALPHA,R12P yR12VoXL1¢ XMLy XN,

1 GAMABR, XL2yXM2yXN2)

CALL RECORD(LyXL2¢X59Y5,Z54X6,Y6,26,DDyK)

IF(K «EQ. 1)GO TO 11
GO TO 12




11 DD=DD+PATH | )
CALL APSLOT(AMPT yX6,Y6yXL2yXM2,
1 SLOTX,SLOTY,111,JJJyAMPSL)
IF(JJJ .EQ. 9)GD TO 91
AKCON=KCON%DD
CSKD=COS ( AKCON)
SNKD=STN(AKCON)
AMPRL =AMP SL*C SKD
AMPTM=AMPSL*SNKD
SVALUE=CMPLX { AMPRL y AMPIM)
VALUE(TII,JJJ)=VALUE(TTI,JJJ)+SVALUE
91 CONTINUE 4
12 CALL TRANSM(GAyGByALPHA,BETA,T12P,T12VoXL1oXM1o XN,
1 GAMAB,XL3,XM3,XN3)
20 JJ=JJ+]
CALL REPEAT(INDEX,DELTA,DELTBy  X5,Y5,25,XL3yXM34XN3,PATH,
1 AMP Ty AMPR g XL 7y XMT o XNT g XTy YT 427 4DDyKKyL 9 JJ)
TF(KK +EQs 1)G0 TO 13
IF(KK +EQ. 0)GO TO 17
G0 T0 14
13 DD=DD+PATH
IF(ABS(AMPT) .LT. 0,01 )GO TO 17 |
CALL APSLOT(AMPTyXTyY74XLT7 (XM, , ‘ .
1 SLOTX,SLOTY,1114JJJyAMPSL)
IF(JJJ «EQ. 9960 TO 51
AKCON=KCON%DD
CSKD=COS (AKCON)
SNKD=STN(AKCON) .
AMPRL=AMPSL*C SKD
AMP IM=AMP SL#SNKD .
SVALUE=CMPLX(AMPRL,AMPIM) _
VALUE(TTT4JJJ)=VALUE(TITyJJJ)+SVALUE
51 CONTINUE |
14 IF(ABS(AMPT) ,LE. 0.01 )GO TO 17
IF(JJ «GE. 10160 TO 17
GO TO 20
17 RE TURN
END
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11
12
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SUBROUTINE REPEAT(INDEX,DELTA,DELTBy  X2,Y2,12
1 oXL5,XM5yXNSy PATHy AMPT y AMPR y XL& y XM o XN

2 X34Y3,23,DD4KyLyJJ)

DIMENSION DN(3),L(3),

1XL2(3),XM2(3),XN2(3),

2XL3(3),XM3(3),XN3(3),
3XL4(3) yXM4(3) o XN&(3)
4XL5(3)4XM5(3) ¢ XN5(3),
5XL6(3)yXM6(3) 4 XN6(3)

REAL L

COMMON /RR/ANEX

COMMON /RRRR/AA,CCyBOUT,BIN

CALL PINT(X2yY2,Z29XL5,X1yY1,Z1,KICy1,1,0LDZ)
IF(KIC 46T, 1)60 TO 10

PATH=PATH+DIST (X2,Y2,22y ANEXyX19Y1,21)
CALL PNORM(X1yY1421,DLDZ,DN)

DO 48 1=1,3

DN(1)==DN(T)

CALL CONAB(XM5,XN5,DN,GA,GB,GAMA)

"CALL NEWCOR(XL5yXM54,XN54GAyGByXL6yXM6yXN6)
CALL ANGLES(XL5,DNyGAMA,BETAyALPHA414KICK)
IF(KICK +GT. 1)GO TO 10
CALL TR21(ALPHA,BETA,R21P,T21P4R21V,T21V)
GAMABB=SQRT ( (GA*R21P)**2+(GB*R21V) **2)
IF(JJ +LE. 2)GO0 TO 11

AMP=AMPR*GAMABB

GO TO 12

AMP=AMP T%*GAMABB

CONTINUE

CALL REFLCT(GA,GByBETAyR21P,R21VyXL6¢XMb4XN6y
1 GAMABB,XL2,XM2,XN2)

CALL PINT(X19Y1yZY1yXL29yX29Y24224KIC,0,0,DLDZ)
IF(KIC .GT. 1)GO TO 10
PATH=PATH+DIST(X1yY19yZ1yANEX 4X24Y2,22)

CALL PNORM(X24Y24224DLDZ4DN)

CALL CONAB(XM24XN24DNyGA,GByGAMA)

CALL ANGLES(XL2yDNyGAMA,BETA,ALPHA,1,KICK)

IF(KICK .GT. 1)GO TO 10

CALL TR21(ALPHA,BETA,R21P,T21P4R21V,T21V)
GAMA=SORT ( (GA*T21P) *%2+(GB*T21V)**2)
GAMAB=SQRT((GA%*R21P)**2+ (GB*R21V)%*%*2)

AMP T=AMP*GAMA

AMPR=AMP*GAMAB

CALL NEWCOR(XL2yXM24yXN24GAyGByXL3yXM3,XN3)
CALL TRANSM(GAyGByBETAyALPHA,T21P,T21VyXL3yXM34XN3,
1 GAMA,XL4&4yXM&,y XNG)

CALL REFLCT(GAyGByBETA,R21PyR21VyXL3yXM3,4XN3,

1 GAMAB,XL5yXM5,XN5)

CALL RECORD(LyXL49X29Y2422yX34Y3423,0D4K)

RE TURN
K=0
RETURN
END
SUBROUTINE PNORM(X1,Y1421,DLDZ,DN)
DIMENSION DN(3)

P1=SQRT(1+DLDZ*DLDZ)
P2=SQRT(X1*X1+Y1*Yl)
ON(1)=X1/P1/P2
DN(2)=Y1/P1/P2
DN(3)==-DLDZ/P1

RE TURN

END
SUBROUTINE CONAB(MyNyDNyAyBsGAMA)
84



DIMENSION M(3),N(3),DN(3)

REAL MyN
G1=VECTDT(DN,M)
G2=VECTDT (DN4N)
G3=SQRT(G1*G1+G2*G2)
GAMA=-1./G3
A==GAMAXG1
B==GAMA%G2

~ "RETURN

10

11

21

23

END

SUBROUTINE ANGLES(L+DNyGAMA,ALPHA,BETA,T1,KICK)
DIMENSTON L(3),DN(3)
COMMON /RR/ANEX

REAL L

P1=3,1415927
ARG1=-VECTDT(L,DN):

ARG2==1./GAMA
TF(ABS(ARG2) +GT. 1)GO TO 10
GO TO 11

KTCK=2

GO TO 23

IF(IT «EQ. 1)GO TO 2

ARG3=ARG2/ANEX

GO TO 3

ARG3=ARG2*ANEX

IF(ABS(ARG3) +GE. 1.,)GO0 TO 4
GO TO 3

KICK=2

GO T0 23

CONTINUE i

IF(ARGl .GE. O. +AND. ARG2 .GE.0.) GO TO 21
KICK=2 T

G0 TO 23

ALPHA=ARSIN(ARG2)

BETA=ARSIN(ARG3)

KICK=0

RETURN

END

SURROUTINE TR12(ALPHABETA,RP4TP4RV,TV)
COMMON /RR/ANEX

ALBT=ALPHA-BETA
GX=ANEX*COS(ALPHA)/COS(BETA)
RP=(1,=GX)/(1e+GX)
TP=2./(1+GX)
GY=ANEX*COS(BETA)/COS(ALPHA)
RV=(1e=GY)/(1le+GY)

TV=2./(1.+GY)

RE TURN

END

SUBROUTINE TR21(ALPHA,BETA,RPyTP4RV,TV)
COMMON /RR/ANEX

ALBT=ALPHA-BETA

GX=ANEX*COS(ALPHA) /COS(BETA)
GY=ANEX*COS(BETA)/COS(ALPHA)
RP==(1e=GX)/{(1e+GX)
TP=ZQ*GX/‘10 +GX)

RV==(1,=GY)/(1.+GY)
TV=2.5GY/(1.+GY)

RETURN
END ,
SURROUTINE NEWCOR(L yMyNyAyByXL XMy XN)
DIMENSTON L{3)4M(3),N(3),XL(3),XM(3)4XN(3)
REAL LoMyN
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32

"33

32

33

N

DN 30 1=1,3
XL(I)=L(TI)
XM(T)=A=M(T)+B%N(T)
XN(I)==BxM(T)+A%N(T)
RE TURN

END

SURROUTINE TRANSM(AyByALPHAsBETAyTPyTVyLyMyNyGAMA XLy XMyXN)

DIMENSION L(3)yM(3)yN({3)yXL(3)yXM(3)4XN(3)
DIMENSTION YL(3)yYM(3),YN(3)

REAL LyMyN

ALBT=ALPHA-BETA

nn 32 I=113
YL(I)=COS(ALBT)*L(I)”SIN(ALBT)*M(I)u_
YM{TI)=SIN(ALBT)%L(I)+COS(ALBT)*M(1])
YN(I)=N(I) ‘

DO 33 1=1,3

XL(I)=YL(I)
XM(T)=(A%TPxYM(T)=B%xTV*YN(I))/GAMA

CALL VECTCP(XLyXMyXN)

RETURN

END

SUBROUTINE REFLCT(AyByALPHAJRPyRVyLyMyNyGAMA XL 9 XMy XN)
DIMENSTION L(3)4yM(3)yN(3)4XL(3)yXM(3)9XN(3)

DIMENSION YL(3),YM(3),YN(3)

REAL LyMyN

ALPH2=ALPHAX*2,

NO 32 1=1,3
YL(T)==COS(CALPH2)*L(T)+SIN(ALPH2)*M(1)
YM(T)==SIN(ALPH2)*L(1)=COS(ALPHZ2)*M(1)
YN(I)=N(T) o

DO 33 I=1,3

XLEI)=YL(T)
XM(T)=(=A%RP*YM(I)=B*RV*YN(I))/GAMA

CALL VECTCP(XLy¢XMyXN)

RE TURN

END

SUBROUTINE RECORD(LyXLyX29Y29Z29X9Y9Z9DDyK)

DIMENSTON L(3),XL(3)
REAL L
Cl=L(1)*XL(1)/XL(3)+L(2)%XL(2)/XL(3)
C2=C1%72
C3==L(1)*X2=-L(2)*Y2+L(3)*43,
C4=C2+C3

C5=Cl+L(3)

2=C4/C5
X=X2+XL(1)/XL(3)*(Z=22)
Y=Y2+XL(2)/XL(3)*(Z=-22)
CO=X*X+YXY+(Z=43,)%%2
DD=DIST(X2,Y2722’1001X1XOZ)

IF(CC +LE. 30.25)G0 TO 2
K=3

GO 70 3

K=1

RETURN

END

SURBROUTINE VECTCP(LyMyN)
DIMENSION L(3)4M(3),N(3)
REAL LgyMyN
N(1)=L(2)%M(3)=L(3)%M(2)
N(2)=L(3)%M(1)=L(1)%M(3)
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10

13
12

14

11

17
16
15

20
30

-

N(3)=L(1)*M(2)=L(2)%*M(1)

RETURN
END

FUNCTION VECTDT(LyM)
DIMENSTON L(3)4M(3),N(3)

REAL LyMyN
DO 1 I=1,3
N(T)=L(T)=*

MOT)

VECTDT=N(1)+N(2)+N(3)

RETURN

END
SUBROUTINE
TF(XX «GT.
IF(YY .GT.
[11=3

GO 10 5
[11=4

GO 10 5
[F(YY GT,
111=2

GO TO S
I11=1
CONTINUE
CCC=COS(BG
DDD=COS(CG
X3=4,5%CCC
X2=3,0%CCC
X1=145%CCC
Y1=1.5%DDD
Y2=3,0%DDD
Y3=4,5%DDD
X=ABS (XX)
Y=ABS (YY)
IF(X LT,
GO T0 30
IF(X LT,
IF(X «GE.
IF(X .GE,.
IF{X «GT,
JJJ=8

GO T0 20
JJJ=5

GO T0 20

IF(Y .GT. Y1)GO TO 14

JJd=1
GO TO 20
JJJ=2
GO TO 20
IF(X oLE,
IF(X oGE,
IF(X oGE,
JJJ=7
GO TO 20
JJd=3
G0 TO 20
JJIJ=4
GO TO 20
JJJ=6
RE TURN
JJJ=9

SLOTS(XXsYYsBGLyII14JJJyCOL)

0.) GO TO 2

0.)60 TO 3

0.)6GQ T0 4

L)
L)

X3 +AND,

X2 +AND.
X2 «AND.

X2 JAND.

X1)G0 TO

X1 «AND.
X1 <AND,
X1)G0 70

Y_oLE._Y1)GO _TO_15

Y
17

.LT.
LT,

oLE.

Y3)GO TO 10

Y2)GO TO 11

_«GE._Y2)6G0O_TO_30

Y2)GO TO 12

.GE.

Y1)GO TO 16
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RE TURN
END

SUBROUTINE APSLOT(AMP, Xy Yy XLy XMySLOTXySLOTYyIT11,JJJyAMPSL)

DIMENSTION SLOTX(448)9SLOTY(448)4XL(3)yXM(3)
DIMENSION L(3)
COMMON /RRR/BGL4CGL,yL

CUREAL L

PI=3,1415927

H=1.06

W=1.,060

HH=H*COS (RGL)

WW=WxCOS (CGL)

HO2=HH/2,

WN2=WW/2,

CALL SLOTS(X,YyBGLyIIT,JJJyCGL)
IF(JJJ EQ. 9)GO TO 3
CX=SLOTX(IIT,JJJ)*COS(BGL)
CY=SLOTY(ITI,JJJ)*COS(CGL)
PX=ABS (X-CX)

PY=ABS(Y-CY)

IF(PX «LE. HD2 +AND, PY ,LE. W02)GO TO 2
JJJ=9

GO TO 3
AMPSL=AMP*COS(PYX*PI/WW)*COS(PX*PI/HH)
AC1=VECTDT(XL,L)

Rl=L(2)%L(2)+L(3)%L(3)
B2=SORT(R1)
R3=L(2)%XL(2)+L(3)%XL(3)
B4=L(2)%XM(2)+L(3)%XM(3) —
AC2=(XM(1)%B3+XL (1)%B4) /B2
AMPSL=AMPSL*AC1%AC2

RE TURN
END

e
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1

50

AD

70

20
£

Qg

(1) =03%C3=ARP+(CCHCEE

XY =SORTOXXEXX+YYRYY)

1

R R B S IR , vty T e

SUBRTNTINE PINT(XOy Y0, 7001y XT3 Y1713KICy JJJy TTT,0LDZ)

DIFENSTON DL{3) D (%)
NTMENSTON CCZ(4),T7(4)
COMMON /RRRR/AN, CCyBOUT 4 BIN
CCC=70=-CC

THF(TTT O, 1)Y6GO TH 10
RH=R M

<010 1)

HR=ROUIT

MBR=AARANFBRCRR
C1=045/AN/DE3)/DLI(3)
Ca=(DLEI)IEX0+DL(2)%Y0) /DL (3)
C2=(CCC+C4) /AN

WwIxT LT ey

(320, 55 (XOEX0+Y05Y (=2, ¥ AAAA=RRERB+CCCHCCEC ) /AN

NH) =010
Na)=2,%C1xC7
N(3)=2,%C1%C3+C2%C2+1,
D(2)=2%(2%03+2,%CCC

VY-

CALL ZPOINT(Z04D4CCZ4KJIGKIC)
TF(KIC «GTe O)GU TN 99

THFIKJ +FO, 0O)YGOH TO 99

KK=n

DY A0 T=1,K.

77=CC7(1)

OO=AARR= (77 =CC )%
[F(OO (LTe OJ)GU TO 60
HO=SORT(ON) =AA
XX=XO+(Z7=20)x=DL(1)/DL(3)
YY=YO+(Z77=720)%DL(2)/DL(3)

DL =00=XY
TE(ARS(DEL) oLTe N,N1)GO TO 50
GO 10 60

KK=KK+1

17 (KKY=CC7Z(1)

COMTIMUE

TF(KK JFO, 2)G0H TO 70
GO T 99
ZL=AMAXYI(TZ(1),T72(2))
7S=AMINIA(TZ(1),T2(2))
TF(WJJ JEO, 1)GO TO 8O
71=7S§

GO0 RY
/71=7L
X1=XO0+(Z1=20)1=DL (1) /DL (3)
YI1=YD+(Z1=20)2DL(2)/DL(3)
KI1C=0
XX=SORT(AARB=(Z1=CC)*x2)

YY==(71-CC(C)
NLENZ =YY/ XX
RKETURN
KIC=2

R TURN

2N )

SHRROUTINE PLASHA(XTyY19Z19L sMyNy DNy GA+G

ALPHAZRETA,PATH,NLNZ,10Q)

DIMENSTOM L{3)4M(3)4N(3)4DN(3),D(5)

DTmENSTON CCZ(4),TZ(4)
WEAL Lyhig N |
189!

ByGAMA,




Coamint /RRRR/ZAAGCC o BOUTRTN

NATA CUN/ 1o 61F=12/

TH(71 LTa 04 JURe 71 JGF. 4B )G TO 99
TF(71 JLTe 10,)G0 TH 1

TE(71 «L.Te 19,060 T 2

THI7Y oLTe 4RIGO TO 3 B
(N0 99 -
VAR =0,012275%7 133 (0,5)+0,00172

TF(Z1 JGE, S, )60 TO 11
CUNT=2,039%10,F09
G0OTO Y _

11 CONT=2,223:x10,F08
6GOTN s

2 1FF=0,012%71-0.08
CONT=1,147510,F0R
GO In &
3 TFF=0,0224%71%%(N,R)=0,0958
TE(71 JLTe ?20,0G0O TN 31
CONT=6,9625%]10, FOR

GO0 s

31 CONT=1,147%10,F0R

5 CONTTINLF
DELY=CONMSTERSCONTTAN(ALPHA) /COS (ALPHA ) s
L ==DFL1HCOS (20 %ALPHA) /STN(ALPHA)
PATH=ZPA THHDEL

~

PI=DEL1S(GREM(2)=GARN(2)) /DN(3)
P2=DFLY 3 (GRY*M (1) =GARN( L) ) /DN( 3
XR=X14+P] .
YR=Y1=p?

RR=ROIIT

CCC=CC=-71

ANRR=AARAN+FRRERAR
ARC==AANRR+CCCHCGE
C1=045/HM(3)/DN(3)Y /AN

C2=(DM (1) 5XR+DN(2)%YR) /DN(3)=-CCC
(72=C2/AA
CR=XR=EXB+YRHYR=AARAA+ARC

C==C3/2./AA
NESY=C1:0
N{&4)=2 =012
NE3)=2,%C1=C3+C2%C2+1.,
N(2)=24502%(3=24%CCC
N{1)=C3%C3+ARC

CALL 7PDINT(714N4CCZyKJIZKIC)
THF(KTIC «GT, NGO TO 99

TF(K) JFO, OGO TO 99

KK=n

N AN T=7,K

77=CC7 (1) )

COZAARR= (77 =CC )5
TE(OO JLLTe 0,)G0 TN 60
CO=SORT(ON)=AA

XX =XR+DMN{L)/DN(3)%(727=71)
YY=YR+DNM(2) /DN(3)Y%(77=71)
XY =SORT(XXHEXX+YYRYY)

Dl =00=XY
TEIARSIDEL) oLTe 0,01)60 TO 50
G0OI0 AN .
SN KK =KK+1
17 (KK)=CC7 (1) o
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17

14

20

21

’2?

24

25

726

1

CONMTTHEE

[F(KK FO, 2)6G00 TO 70
G 10 99
7V=NAAXIATZ (1) ,T72(2))
7S=ARMTINY(TZ(1),T7(2))
TE(ZS oGTe 7Z71V)G0THO 90
TH(7L «GTe Z1)G0O TO 91

Gy T 9y

78=7L

<010 R

78=7S

XT1=XR+DN(1)/DN(3)%(78=71)
YI=YR+DN(2)/DN(3) % (78=71)

71=78 ‘
XX=SORT(AARB=(71=CC )P
YY==(71-CC)

NLN7 =YY /XX

CALL PNORM(IXYyY1yZ14DLNZ4DN)

CCALL CONAR(My Ny DNy GAy GRy GAMA)

CALL ANGLES(LyDNyGAMAZALPHALBRFETA,0,KICK)

TH(KICK oGTe 1)6G0U TO 99
10=0n

RETURN

1h=2

RETURN

N

FOMCTION DISTIXO0y3Y04e704BNFXyX19Y1471)
NTST=(XT=X0) %224+ (Y1 =Y0 )3k 24+(71=720) %2

DTST=SORTIDIST ) *RNFX
RPETURM
SN

SHRROUTINE 7POTNT (70404007 4Ky KIC)
COMITIN. JRRRR/AA GGy ROUT o RIN

DIMENSTON D(5) 3COF(5) yROUTR(4) RONTI (&),

C70a)417(4),007(4)
NN=CC=RK TN
DISENSTON TT7 (4)

CALL POLRT(DyCOF 44, ROOTRyRODTT 4 TER)
TFITER JEO. 0)60 TO 17

070 99

CONTTHUE

BC1G T=1,4

C7(1)=0, S “

(:0

TECARSIRONDTI(1))aLTe N,001)G0 TO 20
G 1n o2

=K+

C7(K)=ROOTR(1)
IF(AHS(RHHTI(?}LLLILWQLOOI)GD T0 22

it TN 23

K=K+1

C7(X)=RONTR(?)

TFCARSIROOTI(3))4LTe 0,001)G0 TO 24
G0 25

K=K+

C7(K)=RONTR(3)

TP (ARS(ROOTI(4) )4 LTe 0,001)GO TO 26
6o T0 27

K=K+

CTIKY=RINTR (&)
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27 KK=K
T (KK 4k,
Ny 28 T=1,4KK
2R 17TV =70+C7 (1)
THIKK o0,
TEF(KK FO,
N G700 499
a0 KJ=0
TEC17(1)
GO0 32
31 Kd=K.+)
CC7Z(KIY=T72(1)
_ 3? TF(T7(2) 6T,
(TR R ECYA
33 Ki=KJ+]
CC7(KINV=TZ7(2)
36 TF (K o FO,
GOLT() LR
déﬂ_KJ:ﬂ

4) G0

[ ] (;T.

MY GH TO 99

2160 T0O 30
TO 40

nNYGN TN 31

NIGD_TH 33

0160 TN 99

TECTZ (1) oGT.
GO0 4

41 Ka=KJ+1
CCT (KA =T7 (1)

42 TF(17(2) oGT.
GnoT0 64

DDYGO TN 41

NDIGN TO 43

43 K=K+
CC7(KI)=T7(2)

GO TE(T2(03) oGT.
GO0 Gk

Y Kil=K.J+]
CC7TIKI)=TZ(3)

G TH(T7(6) GT,
GNT0 4R

47 K=K+
CC7IKII=TZ(4)

G5 COMTINUF
KIC=0 o
K TURN

Gy nl(=2
RETURN
A OID!

SUBROUTINE POLRT -~~~

NDDIGO TO.#45

DN GO

TO &7

221 LINES PRINTED

This subroutine computes real and complex roots of a real polynomial and is available -

in IBM Scientific Subroutine Package (SSP). Ref. System/360 Scientific Subroutine Package, )

Programmer's Manual, Form H20-0205-n, _
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