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\ 1.0 INTRODUCTION
\

Several topics relating to conformal arrays have received detailed

B e

Lttention in the last few years. These topics include pattern synthesis,

%

types of appropriate radiating elements, and their impedance and mutual
coupling characteristics, and wide angle scanning of linear arrays located
; S )"
on planar and conical surfaces. — —m - = ConN
Synthesis techniques for the far field patterns from current distri-
butions on planar surfaces are well known. Since there are no proven
tecliniques for synthesizing antenna patterns from arrays on conical sur-

faces, two different approaches have been pursued:

1. An equivalence principle was used to determine the distri-
bution of sources on a cone to produce a prescribed pattern.
Using this approach, planar arrays are replaced by sources
on a conformal surface. Thus, it is possible to generate
patterns using well known synthesis techniques for planar
surfaces. The equivalent sources are continuous functions
on the cone. The practical validity of the method depends on
the accuracy with which the continuous functions can be
approximated by physically realizable radiators. Equivalent
source distributions were computed at discrete points on a
conical surface to approximate the patterns of a specific
planar array.

2. The computation of approximate patterns from discrete
radiators judiciously positioned on the cone was carried out.

An optimization was performed to obtain element weightings

that yield the highest signal-to-noise ratio in the beam
pecinting direction neglecting the effects of mutual coupling.
Uniform weighting schemes were also used for beams in the
region about the cone axis. This second approach has been

termed a heuristic approach.




In the Final Report on Contract ..00019-72-C-0212,[1] the results from
the above two approaches were reported. In the equivalence principle
approach, excitations and radiation patterns were computed for two
particular beam pointing directions. These patterns were then compared
to the far-field pattern that would have been produced by the generating
planar array.

In the use of the heuristic approach several layouts of radiating
elements were considered. Parameters such as variations of sidelobe
levels, grating lobes and beamwidths were investigated.

In conjunction with the use of the above two approaches, computer

programs were written for the approximate computation of the fields and

patterns of different configurations of elements on the surface on the cone.

The program used in the heuristic approach was appended in the first
Quarsdrly Report [2].

In the present report, ‘he computation of an exact element pattern
is ¢ :scribed. The report begins with the general expressions for two
potential functions representing the modal fields of arbitrary apertures
on a conducting cone. Expressions for the electric field components are
then derived from the potentia® functions for circumferential and radial
slots with particular slot excitations. The field expressions are the basis
for a computer program which computes radiation patterns from both cir-
cumferential and radial slots. The appropriate approximations for the
Legendre functions and the spherical Besse] functions used for their com-
putations are summarized in Seetrom3-of this report.

The computer program is a modification and extension of one
described by Pridmore-Brown 3] and has been executed on the IBM 370
computer system, now operational at the Hughes Aircraft Company. The
program computes the special functions in DOUBLE PRECISION, thus
giving the required accuracy of the computations. The complete program
together with a brief description of its use is inclUjed in Appendix A. A
second program, useful in studying the exact element modal patterns at

minimum cost, is included in Appendix B. \

\

\




Several test cases were excuted on the program in order to
check its correctness. In each test case, the results compared favor-
ably with identical cases of a circumferential slot considered by
Pridmore-Brown and Stewart [4].

A comprehensive analysis of the modal series patterns is pre-
sented in Section 4 of this report for a slot 39 radians from the tip.
The computed patterns are then compared with previously measured
patterns [5]. Also prescnted are patterns of circumferential and radjal
slots at 30 radians from the cone tip for comparison with the previous
slot location.

Suggestions for further investigations, Section 5, conclude the

report.




2.0 RADIATION FIELDS OF CIRCUMFERENTIAL AND
RADIAL SLOTS ON A CONE

Expressions for the radiation fields from slot-excited conical
antennas were first obtained by Bailin and Silver. (6] The fields were
expressed in terms of normal-mode expansions using the orthogonal
properties of the eigenfunctions. Although some corrections appeared
in the literature[” modifying the first results, the expressions for the
fields need additional examination. More recently Pridmore-Brown
and Stewart[4] presented a more rigorous calculation of the @-polarized

electric field component of circumferential slots. Their numerical cal-

culation is based on expressions derived from integral transform methods.

In this section, complete expressions of two potential functions
representing the modal fields will be presented for both the circumfer-
ential and the radial slot. The electric field components will then be
obtained from the potential functions and will be available for calculation
of radiation patterns of the individual slots or arrays of slots of any de-
sired configuration.

Figure 1 shows typical circumferential and radial slots and the
conical geometry. The usual spherical coordinate system centered at
the cone tip is associated with the structure. The cone axis coincides’
with the Z-axis of the rectangular coordinates (x, y, z) associated with
(r, 0, d). Primes denote coordinates of the apertures on the structure.

The two scalar potential functions in question are HTE and nTM,
TE and TM to the radial direction, respectively. For an assumed time

dependence of exp {jut} both satisfy the wave equation:
(w2 +x%m = o. (1)
The electric and magnetic field components are then conveniently given

by superposition of TE and TM partial fields obtained from the potential

functions as follows:
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Figure 1. Conical Geometr; and Slot Coordinates
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For an arbitrarily shaped source excitation the expression for the []

is given by Bailin and Silver.[7] (There is (-) sign in their expression.)
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where r >, r< symbolizes the larger and smaller of the coordinates r, r',

¢ m .
respectively. P, (cos @) is the associated Legendre function and

m
3y, (isx) Yzir Yz k0 (5)

L )
\ZZkr Bt 12 &7 (6)

(2)
hv (kr)

are the spherical Bessel and spherical Hankel functions, respectively.

J.,is the Bessel function of the first kind and order v and H( ) is the

l
Hankel function of the second kind @ d order v. 6 - is the Kronecker
or

1 m =0
() = (7)

while the v, are the roots of the equation

delta function

P, (cos9) = 0 (8)

The function fl(r', @') in eqi.ation (4) is the electric field source excitation
in the r direction. Following the general procedure described by Ballin
and Silver where the bound- ry conditions are applied in conjunction with
the Lorentz reciprocity thcorem to the modal fields, an expression for
UTE is obtained. The TE scalar function with arbitrary source excita-
tion is given by,
. e, o A wy F ) P,¥ (cos 0)

n = T Z 2 2. m
r+s, )i+ sing SEL 1 o-0

= dvgo o

| 2 4,
. /[mfl(r', é') rl(r, r') sinm(g' -4)dr'dd' a
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where rl(r , r') = it
d B :

hi'zi) (kr)a—;-.[r Jyli (kr") ] r>r

and 7 is the free space wave impedance v —%— The Vi' are the roots of

the cquation

;) pm (cos 0 )
= 2 =0 (11)

d6

and f2 (r', @') is the Ed component of the source excitation. All other
quantities are as defined for the TM case. It is interesting to observe
that, unlike the TM mode, the TE mode is excited by both the r- and ¢-
components of the source excitation in the aperture. Conversely, the r-
component of the source excitation excites both the TM and the TE niodes.
It should also be noted that the expression in Equation (9) differs from the
expression given by Bailin and Silver [7] in the expression for rl (r, r')
and a common factor of 1/sin 0 .

The modal functions and the corresponding fiell components from
particular aperture configurations on the cone structure with appropriate

field excitations are given in Sections 2.1 and 2.2 below.

7 Circumferential Slot

A narrow circumferential slot of width 2w < <\Ais considered as
shown in Figure 1. The narrow slot has an azimuthal length d = Zdo a sin Qo
where 2 dois theazimuthal angle subtended by the slot, Oo is the cone
exterior angle measured from the axis, a is the distance from the cone tip
to the center of the slot and A is the operating wavelength. The slot is
assumed to be excited by a voltage Vo across its center and has a resulting

field across it in the r direction given by




r(d' -4 )
' - - —s ' !
E_(r' ¢V cos[-——ar-2 E ]6 (r'~ a) lxﬁ -é < g

0 !d'-dii>do

where § (r' - a) is the Dirac delta function.

Substituting the expressionof Er(r', ¢') in Equations (4) and (9) for
{ (r', ¢') and integrating over the primed coordinates, we obtain the

! : ™ TE
explicit expression for I1 and I[I". The function fz(r', d') is
set equal to zero in the TE case, as only the E,. component of the source

excitation is assumed. Thus,
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h‘(';x) (kr) _dd_T (r'j ," (k r')) r>a
e = a
where rl(r. a) J (15)
iy kr) =5 (e hy(?;) (kr')) r<a
' r'sa

The radiation fields are readily found by substituting the expression of UTM
and OTE corresponding to r>a into Equations (2) and (3). On using the

asymptotic expansion for the spherical Hankel functions,

2), : - 21" RN ik
D R Tt g (16)

k r—»oo
and noting that

0]
dr

(r 0, e)) = j¥ o7TkE (17)

the following expressions are obtained for the electric field components:
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It is pointed out that the @-dependence is represented by the
l.egendre function P;n_] 1/2 (cos @) instead of P;n (cos @) as originally
derived. This choice simplifies the evaluation of the Legendre function
. the digital computer and is preferred. Also, except for a constant

i.ctor of 1/m, the expression for E_ agrees with that reported by Pridmore-

0
jirown and Stewart[4] derived by the Kontrorovitch-Lebedev transform

ytiv‘t}lodo

2.2 Radial Slot

A narrow slot of width 2 w circumference is assumed to be posi-
tioned along a generatrix of the cone and extends from r, to r, as shown in
t'igure 1. It is further assumed that the length of the slot, (r2 - rl), is
such as to allow definition of the ends of the slot by constant ¢'. The slot
is excited by a voltage V(; resulting in an electric field in the d-direction
given by

'

Ed . Vo %
o

The function g(r') describes the variation of the source excitation in
the r' direct.on. Clearly, since fl (r', ¢') =0, i.e., no source excitation
in the r'-direction, the TM mode of the potential function is not supported.
The TE mode, on the other hand, is obtained only from the contribution of
fz(r', @¢') in Equation (9). Substitution of Equation (24) into Equation (9) re-
sults in the following expression for HTE for the radial slot:

-——
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The electric field components are obtained from Equation (2)
operating on Equation (25) giving:
- m
T iy T 1 |
Ey = e E jN5 msinmd == Py (26)
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L Vo e Z j ’_2_ cos m @ Pd 27)
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i
and the u'i are the roots of the equation (30)
-m
i 0% 3 Wit A
d © =
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3.0 COMPUTATIONAL PROCEDURES FOR
SPECIAL FUNCTIONS

A brief description of the procedures used in the computation

of some functions appearing in the far field expressions is given below.

%1 Computation of Lependre Functions

From the expressions of the field components given in Section 2,
. is sc n that the calculation of radiation patterns requires the evaluation
¢ the function Pvm\cos 0) and its derivatives with respect tor and 0. As
.+ ted previously, we have chosen to work with the function P;m (cos @)

cather than Pym(cos 9). The two functions are related by

' (v+m + 1)
r (v-m+1)

pym(cos Q) cos(mnr) = P; ™ (cos 0) (31)

where [ (k)is Euler's gamma function. Using the above relationship, it

is casy to show that the ratio ’ i !

) m
—5-0 PV (cos 0)
7] m
—é—v PV (COS 00)
can be replaced b
‘ é -m
-—a— Py (cos Q)
0
8 -m
v PV (cos 00)

in the expression of the functions UTM and UTE. From equation (31) it is |
.1so evident that the roots of Pf,n (cos Oo) are also roots of P;m(cos 00)_. !
I'he same holds true for the derivatives of the two functions with respect
to 0. Derivatives of the Legendre Functions with respect to © are com-

puted by the recurrence formula[9]

14




go (cos Q) = m-gfjio- ¥ (cos Q) + Pm+l

ey cos 0) (32)

f1o]

The derivatives -(%— P::n are computed numerically using the formula

Lot = o {fvg) - 81ty + 80y - 1y}

where V. = vo + ih, his a selected increment in V, l;nd f(ui) are the values
ot the Legendre functions of order m and degree V,, Pui. (cos Q).

Thus far we have given expressions for computing the various
derivatives of the Legendre functionsinterms of the functions themselves.
The computations of these functions, however, require: extreme care, as
valid approximatioﬁa must be used for the different ranges of the variables
0 and v . For relatively small values of 0 such that 0<7222 where 0 is

[11]

expressed in radxans, the formula

L --;-cos 0)n

(
m _[1 -cos @ Bl(+n+ 1) ~
(cos Q) = (1 . 0) Z (-1) (v -n+ 1) (m+tn+l) n!t : (33)

is suitable for computations. As before, I' (k) is the usual Euler's gamma

function. The computation of Pm (cos Q) is then obtained from Equation (31).
F'(v+m+ 1)
Flr -m + 1)

However, for vlarge, (v > 100), the ratio is replaced by its

limiting value va

For large values of 0 s.uch that 0 2 7222 we use the expansion[lzl
—_— (1/24 m), (1/2 -m)
k k
(cos 0) J ree-m+n Y (1)K
v sin Z k! (2 sin 0) (v+3/2),

, (34)
sin[(V+k+1/2) 0+ m(l/2k +1/2m + 1/4)]

r k.
where (b) —i,j%—;%—-)- The above expansion gives satisfactory results for

all values of v and -g—- <Q@< 5 —-6-- . For 0 outside this range, the serizs is
asymptotic and its accui'acy depends on the value of ¥ . This last expression
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PO

;s used for numerical computations in the neighborhood of ¥ = 70 + 2m and

the desired functions are obtained through backward recursion.

v 2 Computation of Spherical Bessel Functions

The computation of the fields involves the spherical Bessel function
b (x) and the spherical Hankel function hsz)(x). Since these functions are
related to corresponding cylindrical functions by Equations (5) and (6), the
L.).lindrical functions are computed instead. For the Hankel function,
HJZ)(x), the asymptotic expansion, Equation (16), has been used.

In the accompanying computer program, Appendix A, the Bessel
functions are computed in DOUBLE PRECISION using computer system
library routines. If such library routines are not available or accessible,
1igh speed computational subroutines for these functions may be written
from appropriate approximations. These approximations are given in
Appendix C.

The computation of the radiation field from a slot along a generator

of the conical surface requires the ev. luation of the integral

(kr)
f er_ &s

l'

A series solution of the indicated integral when g(r') is a polynomial in

r' is obtained from the formula [13]

£ Brovt bl o, R Y
¢ dt = bl o (v+ 2k + 1) 2 - (z)
tt J, (t)dt = v B ¥ 1 r(v+ﬂ+ 3, X) vi2k+l

with Real part (4 + v + 1)>0. Alternatively, the indicated integral may
be evaluated with sufficient accuracy by known numerical integration tech-
niques. The latter method, using Simpson's ''3/8 Rule', has been chosen

for the present program. Either method however, requires the evaluation
of the Bessel function I, (x).

16
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4.0 ANALYSIS OF COMPUTED ELEMENT PATTERNS
FOR SLOTS ON A CONE

The convergence of the modal series representing the far fields of
the circumferential and radial slots was examined by looking at the pattern
change in the sequential summation of higher order modes. In each case,
patterns were calculated for every 10° in azimuth and every 5° in elevation
for both the @-polarization and the d-polarization. However, elevation cuts
were plotted only at ¢ = 0° and ¢=180 degrees. These two cuts have been
plotted on an extended @ scale to give a single view of the elevation cut.
Since the cone under study has a 10° half angle, the position of 0 = 80° was
selected for azimuthal cuts. This corresponds to the broadside of the conical
surface. Figure 1 shows the relative position of slots in the coordinate
system.

The patterns to be shown subsequently have been normalized to the
largest value computed for both polarizations for the particular modal sum
or individual mode. For convenience, we shall refer to the individual mode
patterns by the small letter "'m'' and to the sum patterns by the capital letter
"M".

4.1 RADIATION PATTERNS OF CIRCUMFERENTIAL SLOTS

A slot of azimuthal length d = A/2 located at ka = 39 radians(k=2 n/A)
from the tip of the 10° half angle cone was selected for pattern computations.
This particular location was selected because it corresponds to a case of a
circumferential slot at 8. 15 GHz and 9 inches from the cone tip previously
investigated experimentally.[17] The computed results will be compared
with the available experimental results where appropriate. The slot is
assumed to be excited by a voltage across its center and has a resulting
field across it in the r direction given by Equation (12). Near the tip of the
cone this excitation function may be represented by a few terms of a cosine
series with appropriate coefficients. A greater number of terms are re-
quired for adequate representation of the same function when the slot is

located many wavelengths away from the tip. It will be seen later that there

17




;s a correlation between the number of expansion terms in the excitation
function and the number of terms required for convergence of the modal
series representing the fields. However, this correlation is not easily
determined beforehand. The dominant TEIO mode of a rectangular wave-
guide may be used to excite the slot.

Figures 2 and 3 show the 0-polarized pattern of the lowest two
modes, m = 0 and m = 1, respectively, for ¢ = 0° and ¢ = 180°. As
expected, the modal patterns for é = 180° are identical to the ¢ = 0° patterns,
since the variation of the fields in the é-direction is purely sinusoidal. The
pattern corresponding to the m = 0 mode shows significant variation at broad-
side with extrema at 0 = 0°and @ = Oo = 170 degrees. The peaks at @ = 12°
and © = 30° of this particular mode are particularly noteworthy. In contrast
to the m = 0 mode pattern, the m = 1 mode pattern of Figure 3 exhibits a
relatively small and smooth variation at the broadside region. The maxi-
mum now occurs at @ = 0° with a pronounced first minimum at 0 = 15°
followed by a local maximum at @ = 25 degrees. Also, the pattern is about
1 dB down at @ = 00.

The total or sum @-polarized pattern of the first two modes, M =1,
is also shown in Figure 2 for ¢ = 0° and for ¢ = 180° together with the M = 2
pattern. The addition of the second mode, m = 1, to the first mode, in
effect dominates the resulting pattern. The effect of the m = 0 mode, how-
ever, is still evident in the region near the cone axis with a -3.5 dB value
at 0 = 1 degree. The forward-back difference varies from 1 dB at 0 = 1° to
9dB at 0 = 80° and to 14 dB at 0 = 9 .

Higher order mode sum patterns, M = 3 through M = 5, for both
é = 0° and 4 = 180° are shown in Figure 4. In each case, the sequential
sumrnation of a higher order mode in the sum series effectively decreases
the variation at the broadside region with the average level of the ¢ = 0
patterns at -9 dB for M = 2 and -4 dB for M = 4, Addition of the m = 5
mode raises the pattern level only slightly at broadside while in the vicinity
of @ = 40° and @ = 150° changes of about -1.5 dB are noted. The next
significant changes in the pattern are seen in the M = 7 modal sum shown

in Figure 5 for ¢ = 0°.

At the same time, the ¢ = 180° pattern shows that
the pattern level decreases with increased modes at the broadside region
while maintaining the level of about -5.5 dB and -15.5dB at @ = 1° and

Q= 9, respectively.
18
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The addition of the next five modes, m = 8 through m = 12, to
the M = 7 total pattern gives the total pattern of M = 12, The patterns
for this case are also shown in Figure 5. Comparison of this pattern
with the M = 7 total pattern shows that the addition of these five modes
results in a decrease of the pattern level of less than .4 dB in the range
ok 0= 40° to 0 = 140 degrees. Similarly, the ¢ = 180° pattern for this
case shows only a slight decrease in the same range. There is no signi-
ficant change to either pattern outside this range.

Azimuthal patterns for the broadside angle 0 = 80° were plotted
for both 0- and d-polarizations. These are shown in Figures 6 through 8
for the @-polarization and in Figure 9 for the d-polarization. From
Figures 6 and 7 it is seen that the O-polarized pattern changes considerably
with the addition of higher order mode almost at all azimuth angles. The
M = 7, O-polarized pattern, however, Figure 8, is down -5.8 dB at ¢ = 0°
and decreases almost monotonically to about -26 dB at ¢ = 100° and remains
below that level for the remaining azimuthal region. The M = 7, é¢-polarized
pattern is below -23 dB for all azimuth angles, Figure 9. Smoother patterns
are observed in both polarizations of the M = 12 case as compared to corres-
ponding pattern of the M =7 case.

To study further the effects of the higher order modes to the total
pattern, the m = 13 mode was added to M = 12 pattern. The resulting M =
13 sum pattern in .elevation. is shown in Figure 10. The azimuthal patterns
for the M = 13 case have been included in Figures 11 and 12. It is seen
that there are no noticeable changes in either the elevation or the azimuthal
patterns with the addition of the m = 13 mode. It should be pointed out, how-
ever, that the normalized 0-polarized pattern of the m = 13 mode, has its
maximum at @ = 90 degrees rather than at broadside. This is a consequence
of the 0-dependence of the associated Legendre functions and their deriva-
tives. This also explains why only the broadside range of the pattern is
changed with increased higher order modes.

The measured E-plane pattern of the circumferential slot fed from
a half-height X-band waveguide is shown in Figure 13 together with the M =
12 computed pattern. The two patterns agree very well near the cone tip

and for the broadside region where both patterns are quite uniform. The
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measured pattern drop off to the rear is a consequence of shadowing at
the base of the cone by the absorbant material in which the cone was set.
Thus, it is concluded that about 13 terms of the modal series are required
to correctly represent the radiation from this slot configuration. Further-
more, the tip diffraction effects are generally accounted by the lower order
modes of the series.

Elevation patterns were also computed for a similar slot located
at ka = 30 radians from the tip of the cone. These three patterns corres-
pondingto M =4, M = 5and M = 6 are shown in Figure 14. It is pointed
out that the two cuts shown here are for ¢ = 0° and ¢ = 90°. Although addi-
tional modes are required to describe the radiation characteristics of this
case adequately, the figures do shown the effect of tip diffraction as the slot
is moved along a generatrix of the cone. The first minimum of the ¢ = 0°
patterns now occurs at @ = 25° from the tip of the cone as compared to 0 =

20° for the ka = 39 position (Figure 5).

4.2 RADIATION PATTERNS OF A RADIAL SLOT

In the present section we consider the narrow slot along a generatrix
of the cone which was described in Section 2.2. For the present study the
length of the slot has been chosen as one-half wavelength at the operating
frequency. The cone characteristics and the operating frequency, as well
as the location of the center of the slot remain the same as for the circum-
ferential slot described in Section 4.1. The slot is excited by a voltage V;

resulting in an electric field in the d-direction given by

2 , cos (kr' ~ ka)
Ed i Vo r' sin O

6 (4')

It is interesting to follow the convergence of the modal series
of the radial slot in the same manner that was done for the circumfer-
ential slot. We first look at the m = 0 and m = 1 mode patterns of the
d-polarized components at ¢ = 0° depicted in Figures 15 and 16. The
effect of the cone's tip on the modal patterns is clearly seen by the be-

havior of the patterns near the axis of the cone. This effect continues
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to persist also in the total patterns of M = 1 through M = 5, shown in
Figures 15 and 17. It is evident from the Figures that the total patterns
are dominated by the m = 1 mode. Both the patterns for ¢ = 0° and ¢ =
180° exhibit a local maximum at about 20 degrees from the axis. This
maximum moves toward the broadside region with increased number of
terms of the modal series. Also, the higher order total patterns are
increasingly narrower. The higher order patterns of M = 6, 7, and 12
are shown in Figure 18.

The M = 12 for ¢ = 0° pattern shows a minimum of ~18 dB at 0 = 1°
and has its maximum at exactly broadside. The pattern for ¢ = 180° of the
same case dips to a minimum near 0 = 15° and then increases to about -14
d? at @ = 100 degrees. Both patterns decrease rapidly near 0 = Oo. The
irregularities noticed in all the previous total patterns are not present at
all in the M = 12 patterns.

Azimuth patterns for the g-polarized component and the @-polarized
component for the radial slot are shown by Figures 19 through 23. As it
is seen from theFigures, all of the low order sum patterns for both polariza-
tions exhibit considerable variation in azimuth. This can be viewed as an
indication of the slow convergence of the modal series and the requirement
for additional terms in the series representation. On the other hand, the
M = 12, d-polarized total pattern shows a smooth transition from 0 dB at
é=0%to -13 dB at ¢ = 140° while maximum of the O0-polarized pattern occurs
near broadside at about -17 dB.

From the above considerations, it appears that more than eight but
less than fourteen terms of the modal series are required to represent the
fields of this slot configuration correctly. The upper limit was further
checked by looking at the M = 13 patterns and comparing them with the M =
12 patterns. These patterns are shown in Figures 24 through 26. There

were no noticeable changes in either the elevation or the azimuthal patterns.
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Elevation patterns of the same slot located at ka = 30 radians from
the tip of the cone were also computed and are shown in Figure 27. As
in the circumferential slot for this position, the ¢ = 0° and the ¢ = 90° cuts
are shown. The maximum of the M = 6 pattern occurs at 0 = 72° instead
of the expected broadside, 0 = 800. This is because of the insufficient
number of modes in the truncation of the modal series. All other aspects
of the pattern are the same as for the ka = 39 position, indicating that tip
diffraction has little effect on the radiation pattern of the radial slot. A
greater number of terms must be taken in the modal series, however, as
the slot is moved farther away from the tip of the cone. Also, these higher
order modes affect mainly the broadside region of the element pattern.

Although we do not have experimental data for the slot described
in this section for comparison at this time, the above patterns do look very
much like the patterns of a slot on a cylinder tipped 10 degrees from its
axis. In further studies of the problem, the above results will be verified

experimentally.
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5.0 RECOMMENDATIONS FOR FURTHER
INVEST GA TIONS

The analysis of the computed element patterns from circumfer-
ontial and radial slots on a sharply tipped cone presented in Section 4 of
this report is only a partial one. For more complete understanding of
«he raliation characteristics of such el ments additional investigative
work must be performed. Specifically, the developed computer program
‘or the exact element patterns may now be used to compute patterns of
<lots near the tip of the cone and very far away from the tip. The results
¢ :n then be analyzed so as to separatec the contribution of tip diffraction
from the total pattern. Such a procedure not only aids in understanding
the radiation characteristics but also will result in more economical
pattern calculation as discussed in the next paragraph.

The present analysis has shown that more modes are required in
the truncation of the modal series for element locations far away from the
tip of the cone. The computation of a higher order mode, however, requires
considerable more computer ti 1e, for the index of the v series in the
field expressions is a function of both the order of the mode and the location
of the element relative to the tip of the cone. If the contribution of tip
diffraction is separated from the total pattern, many repetitive computations
would be eliminated and conical array problems will be solved more econom-
ically. Such an approach will allow the co: iputation of patterns to verify the
equivalence principle pattern synthesis technique.

The computed element patterns of the circumferential slot relatively

close to the tip of the cone have shown good agreement with measured patterns.

The experimental verification, however, needs to be accomplished for other
element positions and orientations. In addition, the present analysis technique
could be extended so as to take into consideration mutual coupling effects.

The results could then be compared with similar results obtained from the

geometrical theory of diffraction.
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APPENDIX A
COMPUTER PROGRAM FOR CONICAL
ARRAY PATTERN ANALYSIS

A FORTRAN IV version of the program used to compute exact
clement patterns of circumferential and radial slots on a cone is pre-
sented at the end of this appendix. Specifically, the program uses the
IBM 370 comnputer system presently available at the Hughes Aircraft
Comipany facilities. The field expressions of Sections 2.2 and 2.3 are
the basis for the program. The two different types of slots are con-
sidered concurrently when they are located at the same position on the
conical surface or individually when located at different positions.

The input data to the program in a specified format specifies the
type of slots to be considered, their location on the conical surface, and
other parameters necessary for the computation of the field patterns.
The program computes both modal and total radiation patteras. The
modal patterns provide the necessary information for properly truncating
the modal series, while the total pattern information is stored on tape for
subsequent use in array analysis. The input parameters required by the

READ statement are defined as follows:

THETAO = Oo, supplement of the half-angle of the
cone in degrees.
KA = position of center of element from the tip

in radians.

THETAI = initial value of spherical angle 0 in degrees.
THETAF = final value of spherical angle 0 in degrees.
52




DTH = increment of the spherical angle 0 in degrees.

PHI = final value of azimuthal angle & in degrees.
DPHI = increment of the azimuth angle 4 in degrees.
Program always evaluat: s pattern for ¢ = 0°.
M = first value of the modal series. Normally M = 0.

If M £ 0, the lower modes are not included in the

computations.

"

MCR switch specifying the type of slot to be con-
sidered. MCR =1 specifies both circum-
ferential and radial slots individually at same

position. MCR = 2 specifies only circumferential

slot. MCR = 3 specifies only radial slot.

1

MVM upper limit of modal series for circumferential
slot.
MVR = upper limit of modal series for radial slot.

Some of the remaining primary parameters of the program are

defined as follows:

IT = counter and identifier of different -cases con-
sidered.
MX = number of terms in the v - series required
for convergence.
PHIN = array of values of the azimuthal angle 4 -
THETA - the splierical angle 0.
ST - array of values of the spherical angle 0.
NTH = maximum number of @-values,

S




NPHI - maximum number of é-values.
LX - total number of points of field evaluation.
LM = DO loop index. LM = 1 outputs patterns of
circumferential slot. LM = 2, outputs pattern
of radial slot.
Additional relationships betwecen the program variables, printed
«tput and the field component equations are presented for convenience in
ble A-1.
In addition to printed output, the program also provides a record of
.11 computed field component values on magnetic tape for further utilization
Ly a scparate program. The desired length in inches, the labeling informa-
tion and the initial and increment values for bothaxes must be specified in
the argument list of the CPLOT3(....) plotting routine. Azimuthal cut plots
are obtained only if JS # 0 for @ = ST(JS) through @ = ST(JL) degrees in steps

of ISTEP. The program terminates with the completion of the computations

tor the last data card.

54




1=V 37dViL

juauodwiod

juauodwod

A9 d

Pa

6

d Lad

jusuodwod ﬁm =

jusuodwod Yy =

0

JAOH

LOd

(T°L1) ¥4
(7T°LI) 193
(TLD) 403 ”
{71 1)) 1203

4

Pa

anm

Pl

Was |
TVILY Vd-IHd

6¢

c~nm

WNAS ﬂ
TVILYVd-VITHL

(6 sod)

N\~| a

0
 ——

A= Q

dd --1ONNJ|
JYONIDIT-HA

(@ so))

Z/1-a
b

d-1ONNJ
JYANIDIT

N

1p
(1)

a8

ey=X

a
Txv hN\_A..Mulv o

ey gxc

()

a
'

((r) r4)

Hozah

AHmme_

anada
AN’

§¢° - NN % NN

aONddd
J
AN’

AN

(aw‘r)yd)
INFIDIAATOD

o
(

g SOD)

o
Z/1=.,4, D800
w-d NNM

o
(@ sod)

Lm

K

((awr) s3ay)
nNadd

o 2/ 1
(°p s00) ¢/ 1

°ge

K

g jo oa9z N
3

(°p s03) g/1- 4

et

jo oxsz N

3

NN

vipeyd) ¢ = AW

(2I10-1 1) 2 = AN

(IT-NL) 1

= dNN

Sd LONJTA

ATLIL

55




CONTCAL ARRAY .
DIMENSIONING DF THE RJ,RES,AR,BRy,NU ARRAYS MUST RE GREATER OR
POITAL TO INDEX "MX'™, THE NUMBER OF RONTS NOF LEGENDRE FUNCTION,
COMPLEX ECTL 8,665),ECF( By665),ERT( B89665) ,ERF( By665)
COMPLEX ACT(85),ACF(85),ART(85),ARF{R5)4AR(1204+3),BR(120,3)
coMpLEX ECTM,ECFM, ERTM, ERFM
COMPLEX XENyXNPyPSDyPSyPSDRyPSRGyCFLyCF2,20P0,4NJ
DOUPLE PRECISION BJZRES,BLyNULG9,42)yNULyNU2y XNy XNUPLyPyPD,P1,Q
DOURLF PRECISINN SNT,CST,RADDTR,PIN2,TTD,PI
DIHENSTION RJI(99) yPES (GG 421 yPHIN(20),CMP(20),S4P(20),M45(15)
DIMENSTON F(2,15)yKAS(L5)ySI665),SFIL665),SMT(20),,SMF(20),ST(40)
DIMENSION STL1(40),ST2(40)+ST3(40),ST4(40),SP(40).SFP({40)
FOUTVALENCE (AR,S),(BR,SF)
EQUIVALENCE (BJySMT), (BJ(21),SMF)
RHAL KAZKAL,KAS
DATA Pl1,2ERD,NJ/3.141582653589794(0.90.)9y(0a9lald/
DATA JUSyJLWJSTFP/1T4317,1/
MCR IS A PARAMETER f0OR TYPE OF SLOT. MCR=1 TRFEATS CIRCUMF,
AND RADIAL CASF AT SAME pPOSITION, KA DISTANCE [PQM TP,
MCR= 2 TREATS CIRCe. ONLY, WHILE MCR=3 TRFATS RADIAL ONLY.

i ve s DATA JSyJLyJISTEP/ e/ SELECTS THE THETA -CUT PLCTS.

106 FORMAT(1H]1,49H THETAO KA THETAI THETAF NTH DHI NPHI DKy
17X,14HM  MCR MVM MVR)

110 FORMAT(2X42FT7.345F6.24FB8.59414)

111 FORMAT(3EL15.5)

112 FORMAT (2Xy4HMCR=,12)

113 FORMAT (2X411HMCRHLM,KCR=,315)

115 FORMAT (1HL, *CONE ANGLE =',F6.1,4" DEGREES, “A =',F8.3,'y M =',12)

116 FORMAT(1HO+SHMODFE T1//73Xs1HN8Xy2HNU, 19X, [ LHCN"FFICIENT, 20X,
15HDPDNUy 12Xy 12HBESSEL FUNCT)

117 FOPMAT (1H1l, SHMUDE 4I1y5X,4HMCR=,12)

118 FIRMAT (2Xo2(4H NU(yI3y1H,y,,12,42H)=,F14.8))

120 FIRMAT(LHO 3 * THETA ="' ,F6.]1,'DEGRFESY//3X, 1HN,4X,144DL-LEGEN FUNCT,
111X, 17THTHETA-PARTIAL SUM,10X s 1HN,4X, 14HLEGFNDRE FUNCT,
111X, 17HPHI — PARTIAL SUM)

121 FOOMAT(2(14,4XsE13e5i5Xe1H{3EL3.543H , »,F13e501H)))

130 FORMAT(T144F146.83F20.89F16.842E20.8,F16.38)

140 FORMAT(1HL +30X,*RADIATION PATTERN, ', F4.0,'DEGREE CONE*//
12X, 1 1HEXCITATION25HEL FMe TYPE(CIRC=1,RPAD=2)=.13,5X,
110HE-CPMP(TH=1,PH=2)=,13/7/7(3(4X4HKA =,FTa242Xy2HM=4313,2X,
13t FC=4FT7.4)))

141 FURMAT (IH+,50X,'KA = FT42¢2Xs"™ =',13,2X,"'FC ='"4FTe4/
L(F2442,184F13.4,F17.2,18,F13.4))

143 FORMAT(//1Xo 1OHPHI s THE TA=,FS.1,16FT.1/(9X,17FT7.1))

170 FORMAT(FELL 93Xy 17FT741/(9X417FT7e1))

171 FORMAT(2X 3 (1X43HAR(4I3431Hys1242H)=yEL13.5)/7)

172 FORMAT(2Xg3HYD =3 I 192XsE13e595XelH(,613.5434 4, 4E13e5,1H),
13X,2612.5)




73 FORMAT (2X 3 4F15.5,4Xy 2HS 413, 2HY=,F10.3,2X,2H08)

v a0 FIRMAT(LIHO g * THETA =% ,F6e 19" DEGREF ST/ /3¢, IH-44Xy L4HDR-LECEN FUNCT, |
L11X, 17HPHT = PARTIAL SUM, 10X, 1HN,4X, L4HLEGENDRE FUNCT,

LL1X, L7HTHETA-PARTIAL SLIM) ;

141 FOEYAT(GHLLM=3T195H MCP=,1194H MLI=412,5H MVM=,12,5H MVR=,12, }
L4 KA=9Fhe29y8H THETAC=yFE.2,6H NPHI=,13,5H NTH=,13,4H LX=,14) |

192 FORMAT(4H LM=41145H MCR=,11,4H Ml=y12y5H MVM=,12,5H MyR=,12, '
L4H KA= ¢ F6.298H THETAC=,F6.246H NPHI=¢13,5H NTH=,13,4H4 LX=,14) |

134 FORMAT(10F7.2) |

185 FORMAT(2E15.79F94392015.79F9.3) i

1“(\ F\)Q“AT(//IlquHFCT(IT,L)'l‘QX'ZHDQ'qu'QHECF(‘Tpl "l"('ZHDB, |

187 FORMAT(//11Xs9HERT(IT L) 914X 42HDB 4 15Xy 9HFRF LT, L )y 14X,2HDB) |

126 FIRMAT(2X, ' %#%THIS PATTERN CUT IS ZFRO AND IS NUT PLOTTED.*%%*)

199 FORMAT(1H1,30X,"RADIATICON PATTERN,',F4.0,'DEGREE CONF"// i
12Xy LIHEXCITATION,25HELEM. TYPE(CIRC=1,RAD=2)=,13,5X, , |
L18HE=COMP(TH=1,PH=2)=,13/(3(4X,4HKA =,FT7.2,2X,2HM=413))) i

191 FORMATI(2X42F10.3)

192 FOIRMAT(2X,213,5HTEST=,FB.2,3X,5HTESF=,F8.2)

PIN2 = P1/2.
STOPT = DSORT(2./P1)
HSTOPT = .5%STOPI
TPI = 2.%PI ! ;
DTR = PI/180. |
IT =0
CALL PLOTI
1 REAN(S5,110,END=GG ) THETAD KAy THETAT ,THETAF 4DTH,PHI,DPHI 4 DK,
1My MCFyMVMyaMYPR
IF(THETAO.FQoeUsoa AND.KA.EQ.Os) STOP
IF(THETANLFQ.0.) THETAD = THETAF ;
WRITF(6,109) ;
WRITE(A,LIO) THETAD KA, THETAT yTHETAF, DT H,PHIT yDPHI 4 DKy My MCRy MUM, MYR 5
IF(OPH] .EQ.0.) DPHI=S, i

—

M] = WM
I¥ = V1 4« 1
KZR = 0.0

NPHI=PHI/DPHI + 1.
KAS(IT) = KA
STPIKA SQRT(TPI%KA)
STPOTP STPIKA/TPI
STPNP = STPIKA/PI
SNT( = DSIN(DTR&THETAN)
SNTD1 = HSTOPI/SNTN
SNTD2 = STOPI/SNTO
AKSO = KA®SNTN
TAKSN = 2,%AKSO
OOk = PI/0K
IM = 0

300 GD TO(3104310U,330),MCR
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MM TS THE NUMBER OF TERMS CONSIDFRED IN THE M-SERIES, AND
{S DEFINED RY THE DATA VALUES OF MvM,MyR,

MM = MVM

6o TO 3

MM = MVR
RM = M

M = 1M 1

MS{IM) = M .
FC = PONK*TAKSO*COS (RM%(DK/TAKS()/ ((PODK#AKSO) %2 - RM*RM)

F.1 = FCASTPOTP
FC2 = FCESTPOP
FIIT,IM) = FC
MO = 1

THETA = THETAIL
IA = 1

CALCULATE AND STORE COS(MPHI(I)),,SIN(MPHI(L))
DN 2 1T = 1,NPHI

R1 = 1

PHIN(T) = (RI - 1.)%DPHI

RADMPH = RMADTREPHIN(IT)
S*P (1) = SINIRADMPH)
CHP(I1) = COS(RADMPH)

MX IS NN, OF TERMS IN NU-SERIES REQ. FOR CONVERGENCE.
MX = KA & 2.%RM + 10,

WRITF(6,115) THETAO,KA,M

MPlL = M + 1

ONUI = 18Q./THETAQ

DN 11 MD = 1,2

IFIMD.EQ.1.AND.MCR.EQ.3) GO TO 11

XNUJ = RM 4+ .5 - DNU

ID = MD - 1

CALCHLATION NF ZEROES OF LEGENDRE FUNCTIONS NI SNUPRIME,
DN 10 J = 1,MX

Nt1l = XNU + DNU - .04

NU2 = NUL ¢+ .08

CALL SNOTS(THETAUZNULZNU2 My XNU,ID)

ID IS PARAMFTER FNR MODE.

CALL 2FSIDULTHETAGWXNUyM,ID,RES(JI,Mi))

EVALUATFE NU=-C0OEF IN NU-SFRIES, NOTING THAT RESIDUE FOR
RANDIAL CASF IS SAME AS FOR MODF 2.

TTD = XNU/RES(J,MD)

T = TTD/Z(XNU%%2 - ,25)

5 = TID

XNPIM = XNU#PTO2

XNP = CMPLX(OaysXNPIM)

XEN = CEXP{XNP)

BR (JyMD) = TEXEN

IF(MD.NEL2) GO TO 10
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13

14

15
500

|
16

18

prR (JyMD+1) = TT2RXEN

NU(JyMD) = XNU

CONTINUE

WRITE(E,118) ((JeMDeNUCJIZyMD) yMD=1,42),J=1,MX)
CALCULATION OF BESSEL DEPENDENCE TIMES F(NU)/RESIDUE.
WRITE(6,112) MCR

PO 16 MO = 1,3

I[F(MD.LFe2.AND.MCR.EQ.3) GO TO 16
1F(MD.EQ.3.AND.MCR.EQ.2) GO TO 16

WRITE(6,116) MD

K = MD

[F(MDEQ3) K = 2

EXTCUTION QF ST 500 INITIALIZES AR(J,MD) TO PREVENTY OVERFLNW.
[F(MDefFQa2AND.M.EQ.0) GO TO S00

NY 1S J = 1,MX

XNU = NU(JyK)

[F(MUCNEL3) GO TO 13

CALL BFSSI(KA,DKyXNU,8BJ(J))

At SST EVALUATES INTEGRAL FOR RADIAL SLOT CASE
G) TO 14

CALL BESSEL(KRAZXNU,RI(I))

[F(MDFQR.1) GO TO 14

XNUPL = XNV + 1,

CALL PESSEL(XKA,XNUPL1l,B1)

FOLLONING EXPRESSION IS FUR D/DX(X®IJNU(X)).
BJIUJ) = (XNU + .S)/KA *BJ(J) - Bl
IF(IelTob6.0ReIGT cMX=6)
IWRITE(6,130) JoNU(J9K) yBRIJyMD),RES(J,4K)(BJII(J)
BISING = KJ(J)

AR(J,yMD) = BR{J,MDIXBISING

CONT INUE

GO TN 16

CONT INUF

DN 17 J = 1,MX

AR(J,MD) = ZFERD

CONTINUE

CALCULATION OF LEGENDRE FUNCTINNS ANMND PARTTAL SUMS,
TAT = le¢ (THFTAF - THETAI)/DTH

NAT = THETAT/DTH

IFINATNELL) TAT=1AT + 1

[AM = TAT/2

LONP 19 INITIALIZES THE NU-SERIES TOTAL SUM FOR FACH NEW M,
DN 18 I = 1,1A7

ACT(I) = Z2FER(D
ACF{T1) = ZERD
ART(I) = ZERD
ARF (1) = ZERD

CF = RM/SNTO
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ln

22

Z5

26

27

31

DO 200 MD = 1,2

[F(MDaEQel e ANDSMCRLEQL3) GO TO 200

WRITE(6,117) MDyMCR

THETA = THETAI

nn 210 TA = 1,IAT

G TO (240,241), MD

IF(IALEQel eDRJIACEQeIAM,OR.TA.EQ.TAT) WRITF(6,120) THFTA
GNn 10 20

IFUTALEQ.leORJITACEQ.TAM.OR.IA.EQ.IAT) WRITE(6,180) THETA

RAD = DTR*THETA
SNT = DSIN(RAD)
CST = DCOS(RAD)

ST(TA) = THETA

THE SV1,SY2,573,ST4 ARRAYS ARE CREATED FOR PLOTTING ROUTINES.
ST1(IA) THETA

ST2(1A) THETA

ST3(1A) THETA

ST4(1A) THETA

PS = ZERN

PSD = (LERC

PSNR = ZEROD

PSR = ZERD

PSING = 0.

pDSING = Qe

P = 0.D0

P1 0.00

PD 0.D0

DO 30 J = 1,MX

XN!'J = NU(JyMD)

CALL LEGEND(THFTA,XNUsMP1,PD4+Q,0)
PDSING = PD

IFIM)25425422

CALL LFGENDITHETA,XNUyM,P1,+,Q,0)
PD =kMECST/SNT®P]1 + PD

PDSING = PD

CALL L FGEND(IHETAyXNUyMyP4Q,0)
PSING = P

TF(MCR.EQ.3) GO TO 26

PS = PS +« AR(J,MD)I%XPSING

PSND = PSD + AR(J,MD) %PDSING
[F(MD.NE.2.0R.MCR.EQ.2) GO TO 27
PSDR = PSDR ¢+ AR{J4MD+1)*PDSING
PSk = PSR + AR(J,MD+1)%PSING

PSDR AND PSR ARE TOTAL SUMS FOR THE RADIAL CASE.
IF(TAFQ.1.0R.IALFQ.ITAM.NR,IA.FQ.IAT) GN TN 31
GO TO 30

IF(JelTe5eNReJGTaMX-8) GO TO 32
G TN 30

w un n u

w o
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» 1F(MCR.FX.3) GO TO 28
WRITELE9121) J4PDaPSD,JyPyPS
[F(MD.NEL2.ORJMCRLEQ.2) GO TO 30
WRITEL6E9121) JePDyPSDRyJyP,PSR
CANT INUE
FVALUATION OF FIELD COMPONENTS AT FACH THFTA FOR EACH M,
CFLAR = RM/SNT
CF1 = CMPUX(0.,CF1AR)
6) TN1220,230),MD
;o0 ACTUIA) = ACT(IA)}#+ PSD
ACF({IA) = ACF(TA)}- PS*CF1
G IO 215
30 GO TU(235,237,236) 4,MCR
236 ACTUIA) = ACTUIA) + PS#CF1&CF

ACF(IA) = ACH(TA) + PSD*CF
236 ART(IA) = ART(IA) + PSRxCF1
ARF(IA) = ARF(IA) + PSDR*0OY
Gh I 215
237 ACT(IA) = ACT(TA) PS®CF1*CF

+
ACF(IA) = ACFUIA) + PSD*CF
215 IF(TALEQ.1) THETA = FLOAT(NAI)*DTH
510 THETA = THFETA + DTH
210 CONTINUE
EVALIATION OF AMPLITUDES AND FINAL FIELD COMPONENTS.
NTH = AT
MT = NTH
LX = NPHIENTH
KZR IS A CDUNTER FOR INITIALIZATION NF THE TOTAL FIELD ARRAYS.
KZR = K2R + IT
IF(KZR.GT.IT) GO TO 45
DC 40 L = 1lyLX

ECTUIT,L) = ZERO
EEELIT, L) = ZERM
ERF(IT,L) = ZERD
40 ERTUIT,L) = ZEROD

45 CONTINUF
IFIMCR.FQR.3) GO TO 59
: THE DN S0 LOOP EVALUATES FLELD CNOMP, GF CIRCUM, SLOT.
r tCTM, FCFM APE THE FIELDS AT A POINT FOR A PARTICULAR M,
F ECT, tCF ARE THE TOTAL FIELDS AT A POINT, CIRCUMF. CASE.
DO 50 I = 1,NPHI
DN S1 J = 1,NTH
L = NTH&I - NTH + J
[F(MNELO) GO TO 54
ECTM = TO1=CMP(L)*ACT(J)
FCFOIT4L) = (1.E-15,0.)
SF(L) = -300.
SEP(J) = SFLL)
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(e ST
ot ECTM = FC2%CMPLT)2ACT(J)
ECFM = FC2%SMP(T)*ACF(J)
[FICABS(FCFM) .LT.1.E-15) ECFM =(1.E-15,0.)
SF{L) = 10.%ALOGIO(REAL(ECFM*CONJGIECFM)))
SFP{J) = SFI(L)
59 IF(CARS(ECTM) LT, 1.E-15) ECTM =(1.E-15,0.)
ECT(IT4L) = ECT(IT4L) + ECTM
S(L) = 10.*¥ALOGL1O(REAL(ECTM*CONJGIECT™)})
sP(J) = SI(L)
51 CONTINUF
USE "WRITE(6,170) PHIN(I)y(SP(J)4J=1,NTH) " AND FOR "SFP() HERFE.
50 CONTINUE
STATEMENTS THROIGH *58% AR ONLY FOR WREITING OUY MIDE PATTERNS.,
WRITEL62143)(STIJ)gJd=1,40T)
DO 56 1 = 1 ,NPYI
NIN = NTH%(] - 1)
NINI = NIN + 1
NINMT = NIN + MT
o WRITE(6,17C) PHIN(I) 9y (S(J) 9y J=NINL,N/NMT)
[FIM.EQ.0) GO TO 59
WRITE(A,143)(STUJ)yJ=1,MT)
DN 58 1 = 1,NPHI
NIN = NTH®(T - 1)
NINL = NIN + 1
NINMT = NIN + MT
58 WRITE(6,170) PHIN(T) ¢ (SF(J) s J=NINL,NINMT)
59 [H(MCR.EQ.2) GO TN 69
FRiM, FRFM ARF THE FIELDS AT A PNINT FOR A PARTICULAR M,
FRT, ERF ARF THE TOTAL FIELDS AT A POINT, RADIAL CASE.
D0 60 I = 1y NPHI
DN 61 J = 1,NTH
L = NTH*I - NTH + J
[F(M,NELO) GO TN 64
ERFM = CMPIT)#®ARF(J)®SNTOL
ERT(ITHL) = (1.6-15,40.)

S(tL) = -300.
SP(J) = StL)
GO TO 65

b4 ERFM = CMPLT)*ARF(J)*SNTN2
FRTM = SMP([)*ART (J)*SNTO02
IF(CARS(FRTM) LTeloE-15) ERTM =(1.E-15,0.)
FRT(ITHL) = ERT(IT,L) + ERTM
S(L) = 10.*ALOGIO(REALIERTM*CIONIG(ERTM)))
SP(J) = S(L)
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65

£

61

IF(CABRS(ERFM) LT, 1E—-15) ERFM =(1.E-15,0.)

FRECIT, L) = ERFOIT,L) + ERFM
SEF(L) = 10.*ALOGLO(REAL (ERFM*CONJGIERFM)))

SEPLJ) = SFLL)

CONTINUE
USE "WRITE(E4170) PHINUI)y(SP(J) yJ=1,NTH)

A0 CONTINUE

. . . . e e . . . . . . . . . . L] . . . .

STATEMENTS THEOUGH #68% ARE ONLY FOR WRITING

66
61

68

)

69

350

360

o

Leseeoos

IF(M.FQ.0) GU TN 67

WRITE(E6,143)(ST(J)yJ=1,MT)

N0 66 | = 1,NPHI

NIN = NTH*(I - 1)

NIN1 = NIN + 1

NINMT = NIN + MT

WRITE(64170) PHINCI) ¢(S(J) ¢ J=NINL,NINMT)
WRITE(6,143) (ST(J),yJ=1,MT)

DO 68 1 = 1,NPHI

NIN = NTH®(I - 1)

NIN1 = NIN + 1

NINMT = NIN + MT

WRITF(6,170) PHINCI) o (SF(J)J=NIN1,NINMT)

IF(M.,GF.MM) GO TO 350
M =M ]

GN 10 3

TF(MCP.NELL) GO TD 360

MCR = 3

ISW = 1
IF(M.GE.MYR) GO TO 360

M =M+ 1

GD TN 300

CONTINLUE

THE "IT"™ CASF TOTAL PATTERNS ARE COMPUTED
WRITE(6,112) MCR

THETAC = 180. - THETAO
IF{ISKH.FQeL) MCR = 1

AND FOR

o . . .

OuUT MODE

SFP{) HERE.

PATTERNS.

AND PLOTTED BFELOW.

THE WKRITE(10) STATEMENTS WRITE THE COMPUTED DATA ON TAPE.

WRITE(10) MCR
DN 400 LM = 1,2
MZ = MyM - ML o+ 1

TE(LMaEQ2) MZ = MYR = ML + 1

WeliE(6e112) MCR

IFIM(R.EQe2«AND.LM.EQ.2) GO TO 400
[F(MCRLJEQ.3ILANDLLM.EQ.L) GO TO 400

KCR = 0O
DO 370 I = 1,NPHI

TEST = =200,
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TESF = -200.
DO 375 J = 1,NTH
L = NTH®L - NTH + J
GO TO(371,372),LM
371 S(L) =10.%ALOGLO(REAL(ECT(IT,L)*CONJG(FCT(IT,HL))))
SF{L) =10.*%ALOGLO(RFAL(ECF(IT4L)I*CONJGIECF(IT, L))
GN TC 374
372 SUL) = 10.*ALCGLO(REAL (ERTLIT,L)*CONJGIERT(IT,L)))
SF(L) = 10.*¥ALOGLO(REAL(ERF(IT,,L)*CONJGIERF(IT,t))
374 TF(S(L)«GTLTEST) TEST=S(L)
IF(SF(L) .GT.TESF) TESF=SF (L)
375 CONTINUE
SMT(I) = TEST
SMFE(1) = TVESF
WRITE(649192) LMy I, TEST,TESF
370 CONTINVE
GN 19 (3T764377),LM
376 WRITE(64181) LMyMCRyM]l ,MVM,MVR,KAy THETAC NPHT 4NTH,LX
WRITE(10) LMy,MCRyML,MVM MVR, KA, THETACNPHI ¢NTH,LX
WRITE(10) (PHIN(I),I=1,NPHI)
WRITE(1C) (ST(J)4J=1,NTH)
ARITF(6,186])
WPITE(6418S) (ECTOITHL)oSIL)LECFIIT,L)ySFIL)WL=1,4LX)
WRITE(10) (ECT(IT4L)ySCL)»ECHIIT,L)sSFIL)yL=1,4LX)
GN TN 278
377 WRITE(64181) LMyMCRy MLl 4MVM ,MVR, KAy THETAC,NPHIT yNTH,LX
WRITE(10) LM,MCRyML ,MVM MVR KA, THETAC ,NPHI 4NTH,LX
WRITF(10) (PHIN(I)yI=1,NPHI)
WRITE(10) (ST(J),J=1,NTH)
WRITE(6,4187)
WRITE(69185) (FRT(IT4L)ySIL)ERFUIT,L)SFIL)yL=1,LX)
WRITE(10) (ERT(IT L) ySILIYERFUITHL)SFIL)L=1,LX)
378 CONTINUF

)
))

¢ LOOP 410 FINDS LARG'ST VALUE IN S(L) AND SF(L) ARRAYS.
SMTN = =200.
ﬁh‘fh = —2000

DY 410 I = 14NPHI
IF(SMT(T)GTLSMTN) SMIN=SMTI(I)
410 TF(SMF(I)eGTLSMFN) SMFEN=SMF(T)
SMTT = SMTN
SMFF = SMFN
WRITE(H,191) SMTT,SMFF
SNNewM = SMTT
[HISMEF JGT JSNORM) SNORM=SMFF
WHITE(E4191) SMTT,SNORM
379 KCR = KCR + 1
WEITF(64113) MCRyLM,KCR
G) TO (381,382),LM
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yn 2

333

3120

335

387

336
1QQ

580

WRITE(E y1640) THETAC LMy KCRy (KASTIT),MSLT),FLIT,I)sI=1,M2)

GO 10 383

WRITE(64189) THETAC LMyKCRo (KAS(IT)¢MS(I)y[=1,M2)
WRITE(E,143)(ST(J)yJ=1,NTH)

CT1F = -T0.

DN 3490 1 = 1,NPHI

NIN = NTH%{] - 1)

NINL = NIN + 1

NINMT = NIN + NTH

[F(KCR.EQ.2) GC TO 386

pN 380 J = 14NTH

L = NTH%®] - NTH + J

SMT(LY,SME(T) ARE PHI-CUT NORMALIZATIONS. SMYT, SMFF ARE FOR
COMPONENT NORMALZATION. SNORM=MAX(SMTT,SMFF) OVERALL NORMALTIZAT,.
S{L) = S(L) - SNORM

SF{L) =SF(L) - SNORM

SPLJ) = StL)

SFP{J) = SF(L)

CONTINUE

WRITEL69170) PHINUI) 4 (SUJ) s J=NINL,NINMT)

THF FNLLOWING CARDS CONTRO!L THE NUMBER OF PLOTS DESIRED.
IF(1.6T.1) 5C TO 390

IFISP(2) eLT«CTF.ANDSP{3).LT.CTF.AND.SP(6).LT.CTF) GO T2 387
CALL SYMBOL(1a97e59e1%93690e,-1)

CALL LFGND[(l-3v7-5,.l4'0-'l"="l’leN([)'O)

CALL CPLOT3(1 ST 39¢90e920e9]14HTHETA, DEGREFES 414y Teq-28avbcy

128HPOWER IN DBy THETA COMPONENT,28,NTH,SP)

IFISFP(2) e LT .CTF.AND.SFPI(3) L T.CTF.AND.SFP(6).LT.CTF) GO TO 390
CALL SYMBOL(leyTe59yel14936y0e,-1)

CALl Lchol(lo3)705v.14'0-y11'7.'l'PHlN(‘)'O’

CALL CPLOT3(1¢4ST39¢¢0ea¢20.¢14HTHETA, DFGREES 31443 709-280 140

126HPNWER IN DBy PHI COMPONENT 426 4NTH,SFP)

GO 1O 390

WRITF(64170) PHINUI) g (SFUJ) s J=NINL,NINMT)

CONTINUE

[F(KCRJEQL.L) GN TO 379

THE FOLLNWING CARDS PLOT PATTERNS 0Of THETA VS. PHI.

IF(JS.FQ.0) GO TO 400

IF(JLGT SNTHY JL=NTH

NN 5660 J = JSyJLyJSTEP

DO 68C I = 1.NPHI

L = NTH®] - NTH + J

SP(I) = S(L)

SFPIT) = SF(L)

CONT INUF

IF(SPL2) L TeCTFLANDSP(3) ol T.CTF.ANDLSP(O6}LTL.CTF) GO TO 587
CAL[ SYMR('L(I.'7.5'.1‘0'37’00'-1)
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CALE LEGNDItYa33Tab3e1%90epls=2314S5KEJ020)
CALL CPLT3(LyPHIN)G.y0e9p20e912HPHIy DEGREFS 4129 Tey-28aybay
L28HPOWER IN DB, THETA COMPONENT 428 ,NPHI,SP)

637 TF(SFP(2) el ToCTFANDJSFPU3)elLTeCTF.ANDSSFP(6).LT.CTF) GN TO 590
CALL SYMBOL(laey7e59e1493730.,-1)
CALL LEGNDYI(1e39T7e59eléy0.,y19%=,1,5T0J),0)
CALL CPLOT3(14PHINy9¢9y0e420.4912HPHIy DEGRFESy12¢Te91-28ervbey
126HPOWER IN DB, PHI COMPONENT 264NPHI,SFP)

530 CONTINUE

400 CONTINUE
GO ERN L

99 CNNTINUE
CNOFILE 10
CALL PLOT(0e90.9999)
STOP
END

66




100

5 )

20
310

SUBKEDTINME BRESSEL Xy NUy JNUX)

NDODRLE PEECTISTON NU, IJNUX XX

REAL*R DRSJI

XX = X

TF(XeGTelUQeeaMRNULGTL1006) GO T 100
JNHX = DRSJILIXX,NUD)

RETURN

CALL RESEXT(XX,NU,JINUX)

RETURN

FND

SURCOUTINE BESEXT (XX o Ny JNUXL)

COMMON/PESWRK/ZLL,L2,A(700)

REAL %8 XXy NU, JNUXL 4 A

THE RESEXT SURRIJQUTI™E RETURNS THE VALUE OF THE RESSEL

FUNCTINN OF ORNFR P.LT 4400 AND ARGUMENT X.LT.400. LARGER (ORDERS
AND ARGUMENTS ARE CONSIDERED BY EXTENDING THE DIMENSION OF A,Ll.
L1 = 700

K = NU

CALL DBES.2(XXyNU,A)

JNUXL = A(K+1)

Kt TURN

END

SHAKOUTINE BFSSTIKA,DKyNU9RINT)

THIS IS AN INTFGRATION PROGRAM USING SIMPSON'S 3/8 RU(LE.
NR IS THE NUMBEE NF INCRFMENTS ON RK AXISy, MULTIPLE OF 3.
DIMEMNSTION F(4)

DOURLE PHFCISINN NU,RINT, B

RF AL KA

DATA NR/L1S/

RIK = KA - DK/2.

R2K KA + DK/2.

RN = NR

HR = (RZ2K - RIK)/RN
A = 0.0

RK = R]1K

D) 30 I = 1yNR,3

DY 20 J = 1y4,1

RKP = RK#*#%(-=1,5)

CALL RFSSFL(RKyNU,RJ)
GYR = COSIFK - KA)
F(J) = RKPEPJ*(,0OR
[F(JebFQe&) GO TP 30
RA = PX *+ HK

A= A+ (.79, )¢HRE(F (1) + 3.%F(2) ¢ 3.,%F(3) ¢ F(4))
BIENY = A

RF TURN

END
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SURPOUTING LECENDCTYHETA G NUGM PN PL, TF)

DORLE PHECISTON PLyP2,CF yDALA,PNU,RMGM

DOVRLE PAECIST W PEoCSDAsSNDAGCSAySKAGT 9 X oF gRAD By CyTX oY yNU
DATA PI/3.14156265358979/

RAD = THETA*PI/180.

Y = 2.%¥NSIN(FAD)

t DF = RAD & 5D}

| M = M
N o= (TOL+RMaR™) =NUI
[FINUCTol6Fe¢:MERM) ) N = -]

SMDA = (SIN(DA)
CSNPA = DCLS(CA)

a8 = N

N = N ¢ (RN+2,)
J = 0

FMD = KMELM

1F (NUSPAD L T.9e) GO TN S0
10 Ntbo= NU- ],

A = NURRA[D ¢ (254.5%PM )P

SNA = DSINCA)

CSA = DCNS(A)

C = 1.
p2 = Pl
T = 1.
Pl = SNA
20 T = =T#((C-o5)2%2 - FM2)/(CEYE(NUFC) )

SNA = SAAKCSDA + CSA%XSADA

ESA (CSA - SNAZXSNDA)/CSDA

Pl = Pl + T%SNA

€= € * L.
IF(PABS(T)eiTeleN=9,AND,CeLTe35.) GO YO 20
% = 75 — EM2

TE(NFQoat-11) GO TP 40

Jd = J ¥ 1

IF(JetRQs1l)Y GO T kO

@ = NG e 2

TX = 2%NCOS(RAD)
NT = (N+¢1)/2
DO 30 J = 1y¢NIT
C = B = 2¢
P2 = TX2P1l = (1l .+R/(C%(C+l.)))%P2
Pl = TXx%P2 - (1.#B/(C*(C-1.)))%P1
Jd = 2 = MON(N+1,2)
NU = MU - RN
IF(JsEQRal) PLl=pP2
[FEIR.FNLL1) RETURN TO SUHRRONTS FOR COMPLETION OF ROOTS.
40 TF(IRLFG1) RETURN
X = NU +RM - .5

30
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2z
L5

4t

&0

T = NU +RM - |§
It (M.EQeQ) X=1,

[F{M.LTL2) GO TO 45

DO 44 | = 24M

¥ =2 Y=l

X = X=7

[IFINU.GT.110.) GO TO 46

CALL GAMPAT(NUyM,GR,1)

CF = 2./DSQRT(PI%®Y)*X%GR

PNUJ = CF%P]

RETURN

T = le/(164.%NU)

CF = 2./DSQRT(PI*YENU)EX¥(]oe=2.%T%(1.-T))
PNU = CF=%pP]

RF TURN

NUY = NI! —RN = 2-

(NURAD.LE.Q9) NNW EXECUTING.

F = NU%NlY - .25

X = DCOS(RAD)

¥ = (ke = X)22:

Pl = 1.

=Lk

C = 0.

C =€ + le.

T = -T*(F - C*(C-1.))/(RM+C) %Y /C
PL = P1 + T

[E(DARS{T)eGT.1eD-9.AMD,C.LT425.) GO TN 60

CALL GAMRAT(NU,M,GR,2)

RMGM = RM + 1,

GM1 = GAMMAR(RMGM)

[F(NULT.100.) CF = GR/GMI

[FINU.GE«100.) CF = NU*%(M+M)/GMI

PNU = CF¥U0lLe=-X)/(1a#X))%%( SERM))I&((—1,)%%M)%p]
RETURN

END
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SURRNUTINE RESTDULTIETAZNU,M, 10,0P0ONU)
SUR-RESTDUE RETURNS DPDNU,THETAD. WHEN ID=0 AND ITS
THETA DERIVATIVE WHEN ID=1.

NAURLE PRECTISION PI,F,RAD,CST,SNT,DPDNU,DPNU204NU,P2, PNI2
DIMENSION F (4)

DATA PI,H/3.14159265358979,.0001/

NU = NU - 2.%H

§ =]

CALL LEGEND(THETA,NU,M,F(1),P2,0)

IF(1D.FQ.0) GO YD 15

MP1 = M+l

CALL LEGEND(THETA,NU,MP1,PNU2,P2,0)

RAD = THETA*P[/180.

CST = DCOS(RAD)

SNT = DSIN(RAD)

RM = M

F(T) =RM% CST/SNT%F(I) + PNU2
E= 1 # I

NU = NU + H

TF(I«FQe3) NU = NU + H

[F(l.LT.S5) GO TO 1C
DPONU = (FL)-Be*F(2)+#8.%F(3)-F(4))/(12.%H)

NU = NU = 3,%H
RETURN
END

FUNCTION GAMMAR(X)

NOUBLE PRECISION X

IFIX.GTele) GO TN 2

L = X

IF{Z.GT.0.) GO TO 3

Z =17 + 1.

GN TO 1

L = X - 1.

TL = 72 + .5

TZG = T1 & 5.

TL = TZG**T]

Tl = EXP(-TZG)*T1%2.50662827465

GAMZ = T1*(1.+476.18009173/(2+1.) —-86.50532033/(2+2.)
1424.01400822/(2+3.) -1.231739516/(2+4.) +.120858003€E-2/
L(Z+45.7 —.536382E-5/(72+6.))

IF(XaGTale)GU TN 5

GAMZ = GAMZ/1?

IF(Z.EC.X) GO TN 5

l = l 5 1'

6N 10 4
GAMMAP = GAMZ
RETURN

END
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26

15

20

30

SUBROUTINE RONTSETHETAZNUL NU2,M,NI,1D)

RONTS OF PNMU ARF OBTAINED WHEN [0=0, OF DPDTHETA WHEN 1D=1.
DOYRLE PRECISION PI,LEPS

DOURLE PRECISION NU,ZNUL 3y NU2yNIL yP24QyPNUZRADyFPyFPSyFPLySCT,SNT
DATA PI,EPS/3.14159265350979,1.D-T7/

FORMAT (14H ITN,NU,FP,FPS,I5,3E15.8)

NU = NUI1

ITN = O

CALL LEGFND(THETA,NUyM,PNU,FP,1)

IF(ID.FQ.0) GO TO 15

MPl = M + ]

CALL LFGEND(THETAZNU ,MP1,PNU,P2,1)

RAD = THETA%PI/180.

CST = DCOS(RAD)

SNT = DSINI(RAD)

RM = M

FP = RMECST%FP ¢ (NU+RM+.,5)%SNT*p2

Q = NU2

ITN = ITN +1

IF(ITN.EQ.L1) GO TO 20

FPS = FP - FPL

IF(DABS(FPS)LT.EPS) FPS = DSIGN(EPS,FPS)
Q = NUL - (NU - NUL)/FPS*FPL

NUL = NU
FPL = FP
NU = Q

[F(DABS(NU-NUL).LT.EPS) RETURN
IF(ITN.GT.20) GO TO 30

G0 TO 10

WRITE(6426) [TN,NU,“P,FPS
RETURN

END

T




10

20
25

320

40

50
60

SUBROUTINE GAMRAT(NUSM,GR,IG)

SUR-GAMRAT CALCULATES AND RETURNS THE RATIO OF TWN GAMMA

FUNCTINNS.e GINU+.5)/GINU+1.)
DOURLE PRECISION NU,X,D1
FORMAT (3€£20.10)

RM = M
[F(IC.FQe2) GO TO 30
KNUJ = NUJ

D = NU - FLUAT(KNU)

Nl =D + 1.

X =D 4+ 5

RAT1 = X/D1

Y = GAMMAR{X)/GAMMAR(D1)
[F{KNI.FOLO) AT = 1.
Y = Y®RATI]
[F(KNU.LT.2) GO TO 25
DO 20 I = 2,KNU

NnNL = D1 + 1.

X = X + Y.

RAT = X/Dl1

Y = Y%RAT

GR =Y

RETURN

1IFIM.EQ.Q) GO Tn 50

S = NiJ # RM - ,5

T =S

MT = 2%M - |

DO 40 I = 1,MT

TF= T = 1s
S = ST
GO 10 60
S = Ls
GR = §
RETURN
END
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APPENDIX B

COMPUTER PROGRAM FOR MODAL
OR TOTAL FIELD PATTERNS

This program is also written for the IBM 370 system and provides
complete field patterns and plots selective cuts of modal or sum patterns.
The field component data is provided by one to three magnetic tapes
generated by the general program of Appendix A. This auxiliary program
allows for detailed study of the imodal series without costly recomputa-
tions of the general program.

Most of the program parameters have the same meaning as in the
program of Appendix A. Other parameter definitions are as follows:

NTAPE = number of data tapes to be read.

If NTAPE = 1 only tape identified by NC
will be read.
NC = Tape unit number.
IT = Counter for the total number of complete
files read from all the tapes. Must be
< to first subscript of the E-arrays.
Scaling and labeling information must be provided in the arguments of the
plot subroutines. Multiple graphs will be drawn with the present listing in

all plots. The complete listing of the program is included in the following

pages.
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v €

181
182
142
1€c

187
18§8

301

7
PR

300
Zlvu

POWER FATTERMS AND PLUTS OF CONICAL AnhAY PRUcLEM.

INFUT 100 ThiS PRUGAAM TS TAKEN FROM TAPL &

COMPLEY tCTLLyCEL)9ECF(11466%),ERT(11,665),kRF(114065)
COMPLLX FLITybLFFyERTITZFRFF

KAl KApKAA

COMAGN ZUFLUZCTTLC S ) yECFRIELS)Y/RFLOZERTT(6LD) yERFF(C65)
COMMUN /ZPVS/Z  PHIN(ZG) 9ST(40)3S(665)3SFlceb)
COMMUN/ZMAME/REA(LS) yMIA(15) yMVMALLS) yMVRA(15)

NDATA NTAPE/o/

DATA WNTAPE/1/

FORMAT(4HLLM=491)1,5H MOCR=,T1,4H M1=,12,0H MVM=,1.9y5H MVR=,12,

14H KA=yFbeZzybit THETAC=gFEoaZ9bH NPHI = 13451 NTH=,13,4H LX=y14)

FORMAT (6 LM=y1)y5H MCR=4T1e6H M1=,12,5H MVM=,1c45H MVR=,12,

16H KL=yFdalytH [HLTACZ g FEe796H NPHT =, I13,50 TH=4313,9H LX=y14)

F‘EH".MI\T((.Ll')o-/'i“‘,’oDOZE150'7'%‘:03,
FORMAT(/ZZ7L1X99ntCTUITHL) g 14Xy iHDR 1 uX &1t LR(ITyaL)y1laX,ycHOB)
FORMATUO/ZZLIX 39 RTOIT L) 914X g 2HUR g1 OX gy GHEXF(ITyL) g 14Xy 2HOE)
FORMAT bak1! o 7)

CALL PLOLTI

NC 1u

BT Ue

LT = 11 + 1

TEGLT«5QalloANE NCEQL1LY GO 10 31C

KEAUINC o EiNDL=210¢) MCR

Gl TQ (3ul 92014302 ) 4MCR

il CAMN ROFRUSIUNT A MUDE 12 A DIFFERINT ELfMENT FOGSITICON.
FEADENG) LMyCh gl ¢ MVMyMVR (KA THETACy NPT NTH,LX

READ(NC) (FriN(L)yI=14NPHI)

SEAUING) (8T(J)yu=14NTH)

e AD(C) ‘hLl(l"L)'S(L),FCF(XT,L,'ﬁF(L)'L:l'LX)

KAKCIE )Y = KA

FIACITY) = M1

MVIPACLT) = MV

AVEA(L ) = PMVR

LS "Y1l (cyglil) (LC‘(ITQL)OS(L,'E"'F‘I\'yL)'S?‘(L)yL’;lfo," HERL o
Jt(MCALER.1) GO TO 30-

GG 1N 3¢0

EEADINC) LMyMCRyM1 pMVYMGMVR KA g THETACLy NPHT 4 NTHyLX

READINC) (FHIN(L)giz=14NFHI)

READANC) (2T0J)gy0=19NTH)

CELOINC) (FRTOIT L) 9SUL) gFRF(ITTHL) oSF(L)yL=1yLX)

Ver(1T) = KA

MIA(IT) = i1

MVYMA(LT) = MVM

YO L(IT) = MYK

US. "WRIT_(ergles) (ERTOTITHL)oSOL) 9 RFITHyL)oSA(L)pL=1yLX)" KFRt.
GO T0 )

17 = 31 = |}
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S O

IFINTAPELEC.1) GO TO 312
IFINC.EQ.12) GU T0O 31?2
IF(NC.EC.11) GO TO 311
NC = 11
GO TO 1
211 NC = 12
GO TO 1
112 CONTINUE
DO 340 II = 1.IT7
IF(MCR.,EQ.3) GO TU 317
DU 316 1 = 11,11
DO 315 L = 1,LX
ECTT(L) = ECTT(L) + ECT(I,L)
=15 ECFF(L) = cCFF(L"' + ECF(I,L)
516 CONTINUE
317 IFIMCR.EQ.2) GO TO 330
DO 321 I = 11,11
DO 320 L = 14X
ERTT(L) = ERTT(L) + ERT(I,L)
220 ERFF(L) = ERFFIL) + ERF(I,L)
521 CUNTINUE
330 CONTINUE
THE FOLLOWING "1F%Y STATEMENT IS TO BE USED ONLY WHEN
HIGHER ORDER MODt PATTERNS IN SUCCESSION ARE REQUIRF( .
CALL PHICUT(ILyMCR\MLMVM MVYR KAy THETAC,NFHI NTH,LX)
IF(1]1eEQe3e0KeIlIeEQeb.OR.II1.EQ.9) GO TO 340
CALL PLOT(-37¢90ey=3)
340 CONTINUE
CALL PLOT(0U.3044999)
799 CONTINUE
sSTOP
END
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SUBROUTINE PHICUT(ITeNCR M1 yMVMyMVR KA THETACyNPHI gNTH LX)
DIMENSION SMY(20),SHF{20),SP(40),4SFP(40)
COMPLEX tCITLECFFLERTT,ERFF
REAL KA,KAA
COMMON /CFLD/ECTT(665):ECFF(665)/RFLD/ZERTT(665) 4FRFF(EEL
CO! ON /PVS/ PHIN(20) 4ST(40),S(665),SF(665)
CC UiON/KAMA/KAA(L5) :H1A(15) yHVHA(15) ¢MVRA(15)
... oEXECUTE 'DATA JSyLL,JSTEP/0,40,41/' LAST IF THETA-CUTS NOT DESIRtL.
DATA JS,JL,yJSTEP/ 0y 041/
DATA JSyJL,JUSTEP/ . Tyl7,1/

113 FORMAT(Z2Xy12HMCRyLMPyKCR=4315)

140 FORMAT(1H1 930X 'RACIATION PATTERN,'" F4 .04 'OECREE CONE'//
12X 11IHEXCITATIONy25HELEM. TYPE(CIRC=1,4RAD=2)=,132,5X,
IISHE‘CUMP‘TH-—-I'PH=2)='I3/(3(1‘X"0}'KA ='F702'2Xy3HM1='1_o¢/"
IQHMVM=|I3'2X'4HMVR=,I3),,

143 FORMAT(//1Xy1UHPHI yTHETA=4F5,1,1€6FT.1/(9Xy17F7.1))

170 FORMAT(F6e1 43X,y 1TFT.1/19X,17TF7.1))

1t1 FORMATU4HILM=31145H MCR=9I144H M1=41245H MVM=,17,5H MVR=,]",
14H KA=gFbeld o6H THETAC=gFEoe296H NPHI=3I1345H NTi{z 913 44K LX=-y1-)

132 FURMAT(2E15e79FYe342E15.79F9.3)

191 FORMAT (2Xy2F1043)

192 FORMATI(2XycI395HTEST=4FBe2¢3XyS5HTESF=yFSecz)

veesol! & FOLLOWING TWC STATeMENTS DETERMINE CUKVE IGENTIFIER
seeooFUR THE 'COLEGY PLOTTING ROUTINF ceseccccose

ITY = 1§ = 1}

KL = MCOD(IT1l,3)

DC 400 LMP = 1,2

IF(MCR cEGec e ANDeLMP.EC.2) GO TN 400

IF(MCReECe3.ANDe' MP.ECel) GO TC 400

KCR = O
LU 370 1 = 1,NPhl
TEST = =20C.

TESF = =200,

00 375 J = 1,NTH
L = NTH*] - NTH + J
GO TO(5719272) yLMF
271 SiL) = 10*ALUGIO(REAL(ECTT(L)*XCONJG(ECTT(L))))
SFIL) = 10.*ALOGLGIREALIECFF(L)*CONJGIECFFIL))))
GO Ta 374
372 S(L) = 10.*%ALUGIO(REALCERTT (L)Y *CONJGCERTT(L)Y)))
SFIL) = 10.*ALUGLO(KEAL(ERFF(L)*CONJGIERFF(L))))
276 TF(SIL) «GTeTEST) TEST=SI(L)
IF(SFIL)«GT.TESF) TESF=SF(L)
375 CONTINUE
SMT(1) = TEST
SMF(I) = TESF
WRITE(6,19c) LMP,1,TEST, MESF
370 CUNTINUE
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N M

WRITE(G2191) (SMT(L)ySMFELI)I=1,NIFY !
GO TO (376,377),LHP
>1o WRITE(O62101) LMr yMCRKyMYIATTIT) gMVMALT () atVr, (00 ) gnme (20 )y
ITHETAC yNFHI oInTH LX
USE "WRITE(69185) (ECTTUL)oSIL)yECFF(L)sSF(L) L=1,LX)" Hi:
GO To 378
377 HRITE(63181) LMPyMCRyMIA(IT)oHVMA(TIT) yMVRA(IT) KAALIT),
1THETAC NPHI yNTH,LX
USE "WRITE(6,185) (ERTT(L)oSIL)SERFFIL)ySF(L)oL=1,oLX)" HERE.
378 CONTINUE
LOOP 410 FINDS LARCEST VALUE IN S(i) AND SF(L) ARRAYS.
TMIN = =20C.
SHFN = -200C.
LU 410 1 = 1,hrnl
IF(SMT(I)eULTSMTN) SMIN=SMT(I)
410 IFI(SMF(I).GT+SMFN) SMFN=SMF(T)
SMTT = SMTN
SMFF = SMFN
WEITE(645191) SMIT,4SMFF
SNOKM = SMTT
IF(SMFF .GT . SNORM) SNORM=SMFF
WRITE(645191) SMTT,SNOKM
379 KCR = KCR + 1
WRITE(E649113) MCR,LMP,KCR
HRITECE9160) THETACyLMP yKCR,{KAATT ) yMIALT) yMVMA{L1) MVRALI) yI=1,1IT)
HRIT&(b»lle('T(J)yJ 1,NTH)
CTF = =70.
DO 390 I = 1,NPKI
MIN = NTH%{I - 1)
NIN1 = NIN + 1
NINMT = NIN + NTH
IF(KCR.EG.2) GL TU 386
WSNORM" NOKMALIZES PATTERNS WITH RESPECT TO LARGEST VALUE
CF BOTH FIELD CUMPONENTS. BSMTT™ AND "SMFF® ARE FOR
INCIVIDUAL COMPONENT NORMALIZATICN.
cr 360 J = 1,4,NTh
L = NTH*I - NTH + J
SIL) = StL) — SNWURHM
SFIL) =SF(L) = SNORM
SPLJ) = S(L)
SFP(J) = SK(L)
CONTINUE
ITE(E,170) PHIN(I) s (S(J)3J=NINL4NINMT)
{1.6T741.AND.L.LT.NPHI) GO TO 390
't~3912! LY, (TF ANDSP{3)eLT.CTF,AND,SP(6).LT.CTF) GO TQ 387
[GFPLZY LT CTFoANDSFP{3) LT.CTF.AND.SFP(6).LT.CTF) GO TO 39C
ra 390
TP L 70) PHINCI) o USF(J) ¢ JENIND ¢ NINMT)
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580

590
591

) 400

300

CORTINUE

IF(KCR.EQ.1) GO TO 379

CALL SUB~FBCUT(KLeeessoe) FOR COKTINUOUS PLOT OF PHI=0 ANL PHI=180.
CALL FBCUT(KLyNTHoNPHIoLXyLMP)

THE FOL!.OYING CARDS PLOT PATTERNS OF THETA VS. PHI.

(] L] o [ L] [ Ld . " . e o e o o e o (2 L] e o @ e o ® [ L] [ ° L]
IF(JS.EQ.0) GO 0 591

IF{JL.GT.NTH) 'L=NTH

DO 590 J = JSy !'LoJSTEP

DO 580 I = 1,NPHI

L = NTH®L = NTH + J

SP(I) = S(L)

SFP(I) = SF(L)

CONTINUE

CALL PBPLOT(KLyPHINy9.90.920.912HPHI,y DEGREES,12,

TSPy T7e928ey—%928HPOWER IN DBy THETA COMPUNENT28,NPHI,1)

CALL PBPLOT(KLyPHINy9e9y0e920.912HPHI, DEGREES,12,

1SFP ¢ Te 9286 9~%.926HPOWER IN DBy PHI COMPONENT,26¢NPHI,1)

IF(IT.EQe3.0R.IT.EQe6.0R.IT.EQ.9) GO TO 590
IF(LMP.EQ.2) CALL PLOT(-24.90.y-3)

CONTINUE

CCNT INUE

IF(IT.EQe3.0R.IT.EQ.6.0R.IT.EQ.9) GO TO 400
IF(LMP.EQ.2) CALL PLOT(=13.9049-3)

CONTINUE

RETURN

END
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SUBROUTINE PBPLOT(K )X oXMyXS DXy XLAByNLXyYyYNyYS,DY,YLAB,NLY4KP,ID)
DIMENSION Xx(80),Y(80),XLAB(10),YLAB{10)

10=1 GIVES SINGLE INCREHENT SCALE. eccccceece

ID = 2 GIVES TWO-INCREMENT SCALEccococsoe

NX = XN
NY = YN
XI = XS
YI = YS
NX1 = NX + 1
NY1 = NY + 1

IF(K.NE.O) GO TO 30

DRAW AND LABEL THE X—-AXIS.

CALL PLOT(Oe¢0e¢-3)

DO 10 I = 1,NX1

CALL PLOT(Oe9=e07,2)

CALL NUMBER(=e079=e219e109XI90ey-1)
'IF STATEMENT' CHANGES INCREMENY FOR ALL POSITIVE SCALE.

GO TO (11,9), 1D

IF(I-5) 11,1112

XI = XI + DX

GO TO 13

XI = XI - DX

CALL PLOT‘O.'O.’3’

IF(I.EG.NX1) GO TO 10

CALL PLOT(I.'O-!-Z,

CUNTINUE

CALL PLOT(=XNyOey-3)

AX = XN/2. -014“60/70,*NLXI20

CALL SYMBOL(AX;=e429ye14,XLAB,O0.yNLX)

DRAW AND LASBEL THE Y-AXIS.

CALL PLOT(Oe90ey=3)

DO 20 1 = 1,4NY1

CALL pLOT(-.O7'OQ'2’

CALL NUMbER(-.Uo.-.O7..lO'YI")O..-ll

YI = Y1 + DY

CALL PLOT(O.3Ues3)

IF(1.EQ.NY1l) GO TO 20

CALL PLOT(Oerley-2)

CONTINUE

CALL PLOT(O.9y=YN,-3)

AY = YN/2. =ol4*(6./T7.)%NLY/2.

CALL SYMBOL(=e35,AYyel4,YLAB,90.4NLY)

THE CURVE MAY BE DRAWN BY 'CALL LINE® IN THE X-Y ARRAYS ARE FIRST
FIRST CONVERTED INTO INCHES. YCALL CSCEG® CONVERTS AUTOMATICALLY.
'ST=30" SELECTS THE TWO-I"!CREMENT OR THE ONE-INCREMENT AXIS.
GO TO(31,32)y 1D

CALL CSEG(OgKyNPyXy XNyXSy0OXyYyYNy~7S,—0Y)
GO TO 33
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32 CALL CSEG(O.K.NP.X.XF.—XS’—DX.Y,YN.—YS.—DY)
SET NEW URIGIN 3 TI(HES PEYNAND PRESENT PLOT.
33 CALL PLUT(XN+3.,0.,-3)
RETURN
END

SUBROUTINE FBCUTUIT NTH NPHIZLX,LMP)
'SUb-FLCUT ' PLUTS THE PHI=0 AND PHI=180 CUTS ON SAME PLOT.
CIMENSION STT(bu)SHP(B80O),SFPP(80)
COMMON /FVS/PHIN(ZO),ST(4C),4S(665),SF(665)
145 FORMAT(//1Xyl0HPHI yTHETA= 3FS a1 916FTe1/(9X417F7.1))
144 FOKMAT(2Xy 515)
170 FORMAT(Foely3Xg17F7.1/7(9X417F7.1))
DO 600 J = 1,NTH

JU = NTH + J
LN = NTH ¢« 1 - J
LL = LX = NTh + J

STT(J) = =ST(LN)
SEX(JU) = STld)
SFPLJ) = S(LN)
SPP(JU) = S(LL)
SFPP(J) = SF(LN)
SFPPEJU)Y = SF(LL)

600 CONTIiINUE
THE ARRAYS ARE READY FOR USE BY PBPLOT RCUTINES rOF PLCTTINC.
NTC = Z2%N1H
NT1l = NTH + 1
WKITE(E9144) LXyNTHyNPHI NT2,NT1
(Ml T (61("011" LMP

610 CALL PLPLUT(ITySTT410e9y20069—40.4914HTHETA, DEGREES, 14,
1SPPyTeyZBag=~%e9cBHPOWER IN DRy, THETA COMPONENT,284NT2,2)
WRITL(EyL143) (STT(J) 9J=1,NTH)
WRITE(OL9170) PHIN(L)y(SPP(J)eJ=14NTH) i
WRITE(eo143) (STTLJU)9JI=NT1,NT2) |
WRITE(69170) PHIN(NPHI) 4 (SPP(J) yJ=NT1,NT2) i
GO TU olec

11 CALL PHPLUT(IT,STT,410.9200.9y=40.914HTHETA, DEGREES,14,

1SFPP 9T e9dEey=4e 9 l6HPOWER IN DBy PHI COMPONENT 269NTC,C)
WRITE(e9143) (STT(J) 9Jd=14NTH)
WRITE(E+170) PHIN(L)+ (SFPP(J) 4J=14NTH)
WRKITE(Gy143) (STT(J)eyJ=NT1,NT2)
WRITE(6,17C) PHININPHI) (SFPPLJ),J=NT1,NT2)

€le CUNTINUE
RETUKN
END

ALOCK NATA
COMPLEX ECTT,tCFF,ERTT, ERFF
COMMAN JCFLD/ECTT(665),ECFF(665)/RFLD/ERTT(6E6S),FPEFIE6S)
COMPLFX ECTT/665%(14E-15404)/4ECFF/665%(1.E-15404)7/
COMPLEX TRYT/665%(1.E-15404)/yERFF/665%11.E-1540.1/
END
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APPIENDIX C

EXPANSIONS FOR THE COMPUTATION OF THE
BESSEIL FUNCTION J, (x)

In the event that library routines are not available three different
expansions may be used for the Bessel functions J, (x) for different ranges

of x and p.

For x <35 and v>x, the power series expansion[l4]
LS SN
v X -
Bk = e B Ry e R b ) e
k=0

is used. A more convenient form of (C-I)suitable for computation is given by

X \V
)
Jy(X) = -I-W [l -SI+Sl SZ-SISZS3+ ....... ] (C-2)
Sk
where SE = —2—————
i (v+i)id

The asymptotic expansion [15] is used to represent the Bessel function for
35< x <130 and » <3 Jx .
1/2 e

_ 2 _r L v, 2m)
Jv(x) _(nx) [COS (x- 2 (V+2)> Z (-1) ('Zx)‘Zm
m=o
(C-3)
1 < 2
_sin<x-ZL(u+_2)> Z (- 1)™ A» ,me++ll) ]
m=o (2x)
where ( v, m) is Hankel's symbol defined by
g =m 2 2 o2 2 2
(ol i = e {(4: -1)@4v+" -3%)....[4+" - (2m-1) ]}
(C-4)

- l'(%+v+m)/[m! r(%+v-m)]
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The Meissel expansion [16] valid for v real, large and positive
is used to represent the Bessel function for x > 130 andv >3 V' x. This

expansion is included here for convenient reference.

T 3 1/6

J‘,(v‘f() _;8_1/-5—+(I) U

. S T €
Tren Sylel = gt me - S0
Z 4 6
. 1 € 7 € ¢
To () = - gT00* %48 - 3240 * T620
Ul (e) 13 + 19(3 g . (7
& - T 283500 11340 - 810 4536
Taking x =v +¢ and € = x -v , the above expansion of the first three terms
becomes:

21
I = ¢ x /3 [450+—:—(—(60- 150«2)+—12—[-2+25e2-35e4+10«5]:'
X

.5/3
-C2 x [450 - 31500 x € - 5250 62 [1 - 62] (C-6)

2

+ i [52 - 1900 ¢ + 140 iy zsoo((‘]J

‘T (1/3)
where C
1 450 r (48)) 70
e
e i BT il
2
31500 ™
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