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ABSTRACT
The dimensions of a multiple-beam antenna designed to optimize some

desizable chaxacteristics of a synchronous communication satellite antenna

are derived. The multiple-beam antenna is an X-band wavegulde lens with a

cluster of feeds in its focal plane. Two antenna aystems are considered:

1) an antanna system radiating pencil beams for area coverage, and 2) an

antenna system radiating #n earth-coverage beam with nulls in prescribed

directions. The characteristics of the optimum configurations are studied

over » band of frequency and for practical values of feed excitation errors.
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Optimization of a Communication Satellite
Multiple-Beam Antenna

A previous note [2] presented some characteristics of a communication sat-
ellite multiple-beam antenna (MBA). In this report, the configuration of such
an antenna, consisting of a waveguide lens with a cluster of feeds in its focal
plane, is optimized using computer modeling techniques [2] for two separate
antenna systems. In the first system the antenna is required to radiate pen=
cil beams to illuminate specified areas of the earth's surface. In the second
system the antemna is required to radiate an earth-coverage beam with nulls in
prescribed directions. The derivation of the directive gain of a waveguide

lens MBA and the associated computer program are presented in the Appendix.

PART I AREA COVERAGE MBA
1. Introduction

The MBA is studied with the aim of optimizing the gain in any direction
within a Fleld-of-View (FOV) by exciting the feed or the group of feeds that
maximizes the power radiated in that direction, The minimum directive gain,
Gm, that can be achieved under this condition 1s the parameter of interest
and is derived for several feed cluster configurations, The study 1is carried
out for a waveguide lens antenna with a flat feed cluster in its focal plane
[1]. The field of view considered is an 18-degree cone which is about 0.6°
larger than the angle subtended by the earth at synchronous altitude. The
feed clusters studied include a triangular lattice arrangement of either 19,
31 or 37 feeds and u square lattice arrangement of 32 feads, The circularly
polarized feeds have a circular aperture of diameter equal to the spacing be~-

tveen feeds and are of two types (1) LES-7 type [1] and (2) unit-feed type,

(These terms will be defined later.) The optimization is carried out at a
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frequency of 7.5 GHz and the performance is calculated at this frequency and

E also at 7.25 and 7.75 GHz. i

ey I1.  QOptimization of Area Coverage MBA

Since the feed cluster i3 a periodic structure it is only necessary to _'5:
calculate ﬁhe minimum gain in two specific directions:. Consider, for example,
-the triangular arrangement of 19 feeds showm in.fig.'l. Because the antenna
directivity is smailer for feeds on the edge of the cluster, the basic cell
3 of coverage considered contains the beams generated by exciting either feeds

21, 31 or 32 individually, as well as the beams gen:rated by exciring any 4

( ' combination of these ferds with signals of equal amplitudes and in phase.

The minimum directive gain within the FOV occurs in the direction where the

three following beams have equal directive gains: (1) the beam resulting

from excitation of feed 31, (2) the beam resulting from the simultaneous exci- g

tation of feeds 31 and 32, (3) the beam resulting from the simultaneous exci-

tation of feeds 21, 31 and 32. This direction was found by trial and error

P

éi calculations, and the corresponding minimum directive gailn is plotted in Fig. 2
(dashed curve) as a function of feed spacing for a given lens diameter. On

e the periphery of the FOV a different situation exists and the directive gain

TR o R

}L is optimized by either exciting feed 21 alone or feeds 21 and 31 together,

ST

8 The peripheral direction where the two resulting beams have equal directive -

Tt

gains was again found and the corresponding directive gain is plotted as the

o solid curve in Fig. 2. For a given lens diameter and feed spacing the minimum X

- directive gain, Gm' over the entire FOV 18 the lesser of the two values read

N from either the solid or the dashed curves in Fig., 2. The intersection of the
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two curves determines the maximum value of Gm’ and the corresponding optimum
separation bstween feeds, The values of Gm for other lens diameters, and feed
spacings are givan by the bottom curve in Fig. 3. Note that Gm is not strongly
dependent on lens diameter between 24 inches and 34 inchaes, for which G, remains
within 0.3 dB of its peak value,

The above result is achieved with in~phase axcitation of feed combina-
tions. Howaver, since the feeds are coplanar, the phase of the far field
arising from excitation of an offset feed is delayed with respect to that of
the center feed by an amount increasing with feed offset angle. The direc-
tivities of beams resulting from multiple feed excitations are somewhat reduced
by thin effect. The phasc delays could be removed by locating the feeds on
a‘sphericul cap whose geometric centar is at the vertex of the lens inner
sﬁrface or by exciting each feed with a signal whose phase is advanced by an
amount equal to its relative delay (phase correction). This latter method was
studied with the result depicted by the dashad curve of Fig.'B indicating that
phase correction leads to an increase of about 0.3 dB for Gm'

The minimum directivity curvas of Fig. 3 apply to a c¢luster of 19 eircu-
lar horns excited with a TEll mode (LES-7 type feeds). The aperture efficlency
of this feed is uhout 83.5% and the area of its aperture is 91X of the maximum
available area per feed, called a "unit cell" area. A unit feed is defined as
a feed whose uniformly illuminated aperture is that of the unit cell. The
gain of a unit feed is thus 1,2 dB larger than the guln of a LES-7 type feed,
It is believed th;t practical feeds may he realized whose gain (within the
feed cluster environment) is equal to but not greater than that of the unit
feed. One possible technique of achieving this, for example, is by the addi-

tion of a polyrod in the aperture of a hérn. Another technique is to divide
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the feed horn aperture into several smaller apertures of dimension leas than
& free-spacc wavelength by means of metal septa. This latter technique has
proved practical with square aperture horns. The minimum directive gain of a
wavegulde lens MBA, embodying a cluster of 19 triangularly spaced unit feeds,
was calculated for the case where the feeds are excited with phase-corrected
signals. The results are showm in Fig. 3 (top curve), The radiation pattern
of the unit feed, intrinsic in the calculation, is the function 2J1(u)/u with
u = (2maA)sind where & is the angle from the axis of the unit feed and a is
the radius of a circular aperture of area equal to that of the unit feed.
Figure 3 shows that the peak value of 28,9 dB for Gm is obtained with a lens
diameter of about 28 inches and a feed spacing of about 2.31 inches. The
radiation patterns for this optimum configuration, when each feed of the cen~
ter row is excited individually, are presented in Fig. 4. The peak directiv-
ity of 31.9 dB corresponds tu an aperture efficlency of 50%., The half-power
beamwidth of each beam is 3,6°, the crossover level is about 5 dB below the
peak diractivity and the edge beam 13 seen to point very near the boundary of
the POV, The baeams formed by exciting two or three adjacent feeds together
are typified by the contour plots of Fig. 5 where 3 beams are shown: (1) the
beam resulting from excitation of feed 31 has a clrcular cross section with
directivity of 31.3 dB, (2) the beam resulting from excitation of feedr 31 and
32 has an elliptic cross section with directivity of 29.6 dB, (3) the beam
resulting from excitation of feeds 31, 32 and 21 has a "trianguloer" cross sec-
tion with directivity of 29.4 dB, The directive gain in dB is shown on each

contour; levels below 27 dB are not shown for clarity. It 1s observed that

the directive gain of each of the three beams is equal to the minimum value of
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Fig. 4. Superimposed beams of center row.
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of about 28.9 dB (Gm) in the direction AZ = B°, EL = -0.75°.

In addition to the cluster of 19 feeds, clusters of 31 fcads and of 37
feeds were also studied. The 31-feed cluster is the 37-feed cluster with the
six outermost feeds removed as shown in Fig. 6a. Also studied was a 32-feed
cluster on a square lattice as shown in Fig., 6b. In this latter-case either
one, two or four adjacent feeds are excited to provide the coverage. The
comparative performance of the different feed clusters is presented in Fig. 7
as a function of lens diameter. The corresponding optimum feed spacing i1s
plotted in Fig. 8.

ITI. DBeam Steering

The minimum directive gain previously derived implies that a finite num-
ber of beams pointing in discrete directions within the FOV are generated. A
number of these beams are produced by exclting two or three gdjacent feads 1in
which case, equal signals are fed to each feed, However, the beam~forming
network postulated[2] allows any power division among the feeds, making possi-
ble continuous beam steering between the beam directions of the singly excited

feeds. With beam steering, the minimum directive gain of the MBA is

increased as compared to the simpler case described in Section II, The char-
acteristics of the beam formed by fractional excitation of two adjacent feeds
are typified by Fig. 9 which shows the directive gain and pointing direction

of such a beam as a function of the fractional power delivered to feeds 32 and
33. An example of a case where three adjacent feeds are excited fractionally

is given in Fig., 10 which shows a beam pointing close to the previously de-
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(b)

Clusters of (a) 37 feeds and

(b) 32 feeds.

Fig. 6.
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riv&d ninimum~directive-gain direction (i.e., AZ = -8°, EL = -0.75°), a result .. 4
obtained by exciting fchi 21, 31 and 32 with power ratios equal to 0.25, .
0.50 and 0.25, respectively. The antenna configuration in each of the above L
. two caqel.in the optimum 19-feed waveguide lens MBA., Clearly, bdam_ltqqring | ."i
can anly rﬁi;o the minimum directive gain to the directivity of the beam fofﬁad _
~when three adjacent fcedllarc fed equally and 1n‘phnla; and for the prasent

case this value is 29.4 dB, . -

IV. Frequency Behavior : Y

The waveguide lens MBA was optimized for a frequency of 7.3 GHz. The
effect of frequency on ﬁhu performance of the 19-feed optimnm configuration is
shown in Fig. 11 over the range 7.25 GHz to 7.75 GHs. It is observed that at _
7.25 GHz the minimum directive gain drops about 0.7 dB. This drop is due -
A mostly to disperaion by the wavqguido lens as evidenced by the dashed curves
. which show the calculated parformance when the lens dicperuibn factor is

removed., (The disparsion factor was removed by calculating a new perfect lens

at each frequency.)

V. Effeet of I/D Ratio

i

The directivity of the center beam (feed 33 excited) of the 19~feed opti-
- mum MBA i plotted in, Fig. 12 as a function of the F/D ratio. Two waveguide

- lenses were considered (1) a waveguide lens with a spherical inner surface of

B O i D lint im
.

» radius equal to the focal length and (2) a wavaguilde lens witﬁ inner surface

of radius equal to the lens dismeter. The sharp drops of about 0.5 dB occur ¢

for values of F/D at which zoning takes place. The performance of the wave- g

. guide lens as a function of F/D reflects principally the effects of two "
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assumptions inherent to the calculations. The first one 1s the absorbing

pattern of the wavegulde elements of the lens which 1s assumed to be a cosf
pattern pointing toward the geometric center of the inner surface of the lens

and the second one 1s the assumed radiation pattern of waveguide elements

adjacent to steps in the lens. The validity of these assumptions is substan-

tiated in part by the good agreement between the measured and calculated direc-

tive gains of the LES-7 MBA which has an F/D ratio equal to unity. However,

as this ratio decrearos, the validity of the first assumption becomes increas-

ingly dublous, ylelding lesser confidence in the corresponding results,

VI. Tolerances on Power Divider

Multiple-beam antennas witf tridngularly spaced feed clusters require
excitation of up to three feeds with in~phase signals of equal power levels,
Deviationas from the in-phase condition cause a decrease of the directivity of
the resulting beam with a corresponding decrease of Gm' A phage error of
+20° between input signals yilelds a reduction of 0.12 dB of the minimum
diractive gain, Non~uniform excitation of the feeds causes a squint of the
beam and a reduction of G . For a deviation of +1 dB the calculated reduction

of Gm 1 0.15 dB, Thus the effect of even appreciable deviations from uniform

phase and amplitude excitation 1s negligible.
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PART II EARTH COVERAGE WITH PRESCRIBED NULLS MBA

I. Introduction

The characteristics of a multipla-beam antenna designad to radiate an earth~
coversge boam Qith nulll1npr.ncriboddiroctionl.ro investigated in this Part.
The MBA considered consists of a waveguide lens with_a cluster of 19 feeds in
its focal plane. The MBA dimensions are chosen to optimize the minimum value
of directive gain over a cone angle of 18° and also to maximize the depth of
the null (an appreciable reduction of gain in a prescribed direction is termed
a null) produced when one feed of the feed cluster is not excited. Optimiza-
tion ix carried ouﬁ at the center fraquency of a 7.9 to 8.4 GHz frequency
band. The predicted parformance of the optimum configuration at the center
frequency and at the sxtrame frequencles of this band is prasented as well as
the calculated parformance degradation caused by errors in the feed excitation
coafficients, The 19=-feed MBA nulling antenna allows one to reduce the gain by

at least 15 dB in any direction ovar the FOV by suppreassing excitation to

;Ji either a single fead or to a group of two or three adjacent feeds, The dis~

advantage of this nulling technique is that by suppressing excitation to a
group of adjacent feads the gain reduction occurs over an undesirably large
ares, However, by means of a null steering technique it is possible to direct
8 null, of coverage about equal to that obtained by suppressing excitation to
a single faed, toward any directicns over the FOV, To implement the null
steering technique, however, a tight control of phase is required. The dis-
advantages of the former two techniques ara eliminated by increasing the

quantity of feeds in the cluster., The performance of a 6l~feed cluster is

20




presented and shown to offer distinct advantages. The disadvantage of this
lattar configuration is, of course, the much larger feed network required.
II. Optimigation of Nulling MBA

The waveguide lens and feed cluster optimized is the LES-7 configuration
with the exception that a cluster of unit feeds is considered. Optimization
is carried out as follows: For a given lens diameter and with the feed spac-
ing as a variable parsmeter the directive gain 1s calculataed for an appropriate
number of directions within an element of symmetry of the FOV, The feeds
are all excitad cqually (except as described next) and their phase is adjusted
to produce spherical wavefront secondary radiation (phase corrected). For
small values of feed spacing, the lowest directive gain is found to occur
within the FOV at the bottom of the ripple superimposed on a nearly flat pat-
tern. The feed spacing which optimizes the minimum value of the Earth-
Coverage directive Gain (ECGMIN) is that value 8, which makes the minimum
gain within tha FOV, and that along the boundary, equal. This optimum value
was calculated first with all feeds excited equally. By exciting the feeds
such as to produce & wore uniform directiva gain around the periphery of the
FOV a larger value of ECGMIN can be reached. The boundary of the feed clus~
ter is a hexagon and therefore with the feeds equally excited the radiation
pattern is broader in planes passing through the corner of this hexagon than
in bisacting planes. Therafors, exciting the corner feeds with less power

than intermediate feeds along the periphery, will make the directive gain more

uniform along the boundary of the FOV and will lead to a slightly larger
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ECGMIN' Thus the above optimization procedure was also carried out for differ-

ent values of the powar excitatlion ratio r, i.e., the ratio between the power

fed to corner feeds and that fed to intermediate feeds, and the value T, which

maximlzes ECGMIN was determined. This procedure repeated for an appropriate 3

range of lens diamecer yielded the results represented by the solid curve of

e R e VR T T T R R TR

! Fig. 13. The minimum directive gain over the FOV pesks at about 19.3 dB and

T

is at least 19 dB for lens diamater of 22 to 32 inches. The dip in the curve )

at a disameter of about 26 inches is believed to be caused by an additional

1

zoning atep, since lenses with diameter larger than 26 inches contain one zone

L T

more than the smaller diameter lenses,

T
- e 4

i The next step in optimizing the nulling MBA is to determine the depth of
the null produced by suppressing excitation to one feed of the optimum config=-
uration, The dashed curve of Fig. 13 shows the results obtainad when feed 32 g

18 not excited. The largest null depth is reached with a lens diameter of

28 inches for which the null level 1s -17 dBi, i.e., about 36 dB below the
h minimun directive gain. The optimum values of the feerd spacing and of the powar

i ¢
N excltation ratio are plotted in Fig. 14 as a function of the lens diameter. |

The contour plof of the earth-coverage heam obtained with the optimum con=-

figuration, i.e., a lens dismeter of 28 inches, a fead apacing (so) of 2,35 inch
A and a power excitation ratio (ro) of -0.83 dB is given in Fig. 15. The peak direc-
-

tive gain is 20,8 dB and the minimum directive gain over the FOV is 19.3 dB. i

4 Figure 16 shows the coverage obtained with excitation of feed 32 suppressed and '
Fig, 17 shows a typical casa of null steering obtained by setting the phase of

the signals to feeds 32 and 33, -90° and +90°, respectively, as compared to

;f-%' the phase of the signals to all other feeds. Inspection of the narrow beams

N 22
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generated whan each feed of the optimum configuration is excited alone (see
Fig, 3 which applies to a similar configurntion except for the faed lpaqing
which is aqual to 2.31 in.) shows that. as anticipated, the beams are nearly
orthogonal. i.e.. in the direction of the pesk of any beam tha nmplitude of
thc rndintion from tha other beama 1s close to a minimum. Thus deep nulls in |
an elrth-covuragc boam are associated with low-minima narrow beam patterns.
Tho aheractcristica of a 26~inch waveguide lenu with a 19-feed cluster

were reportod by Ricardi, et al, [2] This configuration though not optimized to

produce the deepest null was verified to laad tolls-dn gain veduction contours

nearly identical to those of the optimum configuration.

IIT, Fregtcdex Behavior

The effect of frequency on the earth?coverage beam is glight as illustrated
in Fig. 18 by the patterns computed at the center and extreme frequencies of a
500-MHz bandwidth. The effect of frequency on the depth of null is severe,
however, ae shown in Fig, 19 by the patterns passing through the minimum of
the null at five frequencies over the same bandwidth. This behavior was not
unexpacted since the waveguide lens is dispersive and the primary affect of
dispersion is to raise the level of the minima in the patterns associated
with single-feed excitation and hence reduce the null depth achievable. That
the lens dispersion is the pPrimary cause of the obaserved drastic reduction of
null depth is demonatrated by the reaults obtained when the waveguide lens
is replaced by a non-dispersive lens (Fig. 20). 1In this case the

null depth is seen to remain greater than 3¢ dB and the null width at a depth

of 15 dB 1s constant over the band.
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Fig. 18, ¥ffect of frequency on earth-coverage beam.
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Fig, 20, Effect of fraquency on the null of Fig. 19 for an MBA with a non-
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IV, Effect of Errors on Fead Excitation Coefficiants

The effact on performance of errors on the amplitude and phase of the sig-
nals applied to the feads was determined by computing the radiation character-
istice of the optimum configuration when errors are added
to the required signals, Normal distributions of errors with a 30 power
deviation equal to 0.5 dB and a 30 phase deviation equal to 15° were chosen,
Calculations w.ere performed for ten distributions of errors and the statistics *
of the fesulta compiled, Calculations were also made for deviations twice as
large as above and the results are given in Fig. 21 together with tha error-
fr(e case. The feed network reported by Ricardi, et al, (2] displays peak errors
of about +0.5 dB in power and +10° in phase and therefore approximates the
computer model with the smaller random deviations, Such deviations do not
lead to appreciable pefformance degradutions, In the null steering mode a
different mituation exists, however. In this mode two adjacént feeds are
excited with signals whose phases are +90° and -90°, respectively, as compared
to the phasa of the signals applied to the other feeds, and tha null is steered
by varying the ratio of power fed to the two out~of-phase feeds. The effect
of phase errors on the quadrature~fed elements is appreciable as may be
inferred from Fig, 22 where the 15-dB contour of the steered null corresponding
to a power ratio of 1 (reproduced fromFig. 17) is shown together with those obtained
when signals of phase 93° and -93° and also 96° and ~96° are applied.

A phase error of 3° causes the 15~dB gain reductioncoverage to contract and a phase '
error of 6° causes a splitting of this coverage. Thus to maintain the cover-

age the phase error at the feed must not exceed a couple of degrees. Since
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) EFFECT OF FEED EXCITATION ERRORS ".
. 30 30 EC Gm'n(dl) EC Gmux(“) Ripple (dB) Null Depth (dB)
power phase
1 (dB) (deg) Mean | Std Dev | Mean | 5td Dev | Mean | Std Dev | Mean Std Dev
0 0 19,3 - 20,8 - 1.5 - | an3 - ;
. 0.5 13 19.2 0.2 20.8 0.2 1.7 0.3 36,9 3.0 ..
g .|
4 1.0 30 18,0 0.2 21 0.3 2,3 0.3 | 3.9 4,3
® | Ply. 21, Effect on performance of feed excitation errors,
v 4
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both the beam-forming network and the required 3-state phase shiftar contribute
to phase errors,a tight tolerance of the ofder of about +1° is imposed on encﬂ .
of these units, which may be difficult to achieve in practicae. In thes alter-
native nulling technique described next, such tight tolerances are not roquired,
This tachnique involves replacement of the feed cluster by a cluster with a
higher density of elements and therefore has the disadvantage of requiring
a llrgof number of variable power dividers in the b@nm-forming network,
V. Alternative Nulling Technique

Consider the replacement of each feed of the optimally designed 19-fead
cluster by three smaller feeda., It would then be expected that suppressing exci-
tation to groups of three adjacent feeds wuuld produce a null about similar to
that obtained by suppressing excitation to> the larger single feed they re-
placed. That this 15 actually the case was verified by computing the perfor-
mance of a 28-inch lens with a cluster of 61 feeds. Optimization of this con-
figuration led to a feed spacing of 1.3 inches, 1.e.,, & 1/¥3 times the spacing
of tha optimum 19-feed configuration. The 6l1-fead cluster is shown in Fig. 23,
Since a null 1s produced by suppressing excitition to groups of three adjacent
feads and since such groups overlap, their null coverages also overlap., Fig-
ure 24 shows tha 15-dB gain reduction coritours obtained by suppressing excita-
tion to ecach group of three adjacent feeds contained in a 7-fead sub-clustaer,
demonstrating that in all directions within a corresponding cell of coverage a
gain reduction of at least 15 dB is achieved. Since tha full FOV is generated
by translations of this cell of coverage and since these cells may be made to

overlap it follows that this gain reduction applies to the full FOV.
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Feed geomatry.

Fig. 23.
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UNIT FEEDS PHASE CORRECTED CIRCULAR POLARIZATION
CROUPS OF 3 FEEDS OFF

[ S S IR LA A A B R M MELANS M AR N

| - Th-e08060]

- ' - b‘ .
...’ . 6 [~ '
aF
o 2
1 z | 1
. © o
| S 7 :
3 o -2k
* R -
E W
A -4 |~

R T e I

".,-' . -10 L 1 " 1 1 | e } Y A | & 1 A | i 1
-10 -8 -6 -4 -2 0 2 4 6 8 10

. AZIMUTH (deg)

-9 Flg. 24, Coverage of overlapping nulls.

g ;




This technique, which could appropriately be called virtual overlapping
feed technique, is capable of satatic gain reductions larger than 15 dB with a
simple extenaion of the process. This capability exists because the phase of
the radiation is nearly uniform over most of the angular extent of a null and
this phase 1s also nearly equal to the phase of the radiation over the narrow
beam associated with the feeds whose excitations are suppressaed. Consequently,
by letting a small amount of power leak to these feeds and reversing the pol-
arity of the radiated field the resulting level of radiatfon in directious
within the null may be appreciably reduced. The 15-dB gain reduction contour
corresponding to removal of excitation to feeds 43, 54 and 55 (included in the
presentation of Fig. 24) is shown enlarged as the heavy line in Fig. 25, while
the coverage of 25 dB or more reduction is shown by the dotted area in this
Figure. Also shown are the annular areas where the gain is reduced by more
than 25 dB when these three feeds are excited 180° out of phase with all other
feeds and at a relative power level PL = -16.5 dB and ~12.0 dB. Note that the
gain is reduced more than 25 dR over the aread shown only when the excitation
is as indicated; specifically the gain reduction in the dotted area is less than
+25 dB when PL = -16,5 or -12.0 dB. Thus with only three settings of the
power level to these feeds the gain can be reduced by more than 25 dB over a
coverage ldentical to the 15~dB or more gain reduction coverage obtained by
simply removing excitation to these feeda. Since this latter gain reduction
can be accomplished anywhere within the FOV, so can the 25~dB gain reduction.
The required values of power setting are not identical for all 7-feed sub~

clusters however, and it should be observed that with polarity reversal deep
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WAVEGUIDE LENS WITH 61-ELEMENT FEED CLUSTER

LENS DIAM = 28 in, FEED SPACING = 1,30 In, F/D =)

DESIGN FREQUENCY = 8,15 GHz  FREQUENCY = 8,15 GHz
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tical magnitudas. Since ouly liiivlfﬁil bfipéllfit& is required, a close con-'

nulling can also be accompiished by adjusting the power level to but one féed.” R
The desirable bhatacgtfiq;ics of the virtusl feed overlapping techrique remain

to bi_confirnnd_dvpx 4 finite bah&width and for feed cxcitatiqﬁ.qtrors of prac~

trol of phase is not necessary and there loomnlto be no reason why the perfor- o T
mance of tha'Gl—bcnmiHBA would degrade more with feed axcitation errors than = ‘“ﬁ;-'
that‘of th; reported 19-beam MBA, _Rhygrla} of poigrigy is an inherent char- "i;
acteristic of #he viriable power divider considered by Ricntdi,,gﬁ[g;; [2] but

ite size and weight could preclude its use in an implementation of the technique.

VI. Discussion | o o

The optimum dimnn;ioﬁl of a multiple-beam antenna for communication=
aatéllite applicationa were dcrivcd.for.fwb separate systems 1) a transmit f
nrea-con;ase system realized by narrow-beam switching and 2) & receive earth- .Ef
coverage beam system with nulls in specified directions. The optimum dimen=- ‘ﬁ
sions of these two systems are very closely identical and therefore, in prin-
ciple the two systams could be implemented with a single lens and feed cluster, E

The nulling earth-coverage antenna with a 19~fead cluaster requires a
tight phase tolerance on feed excitations axcapt in applications where the
large nulling areas asscciated with suppressed excitations to 2 or 3 adjacent
feeds are tolerable, A virtual feed overlapping tachnique relieves the ays-
tem from such tight tolarances as demonstrated by the performance of a 28~inch
diameter lens with a 61-feed cluster, The much larger feed network of this Y
system could be objectionable, howaver. Of related interest is the perfor-

mance of a 37-feed cluster that was briafly studied but not reported above,

Ite optimum parformance i@ reached with a lens diameter of 24 inches and a
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APPENDIX A

Derivation of the Directive Gain Functions

Consider the feed cluster and lens geometry of Fig. 26 and let P be the
pover at the input of the I:NF powar divider where Np is the numﬁer of feeds
in the cluster. The power radiated by feed i,] is P/NF of which the amount

PA absorbed by the lans waveguide element m,n is given by

2 2 2 2
PA = (P/NF) (Gofumijlawrumij) (a“cos anij/cosamn) Q- Pin)

where
Gofzmij is the gain of faad 1,3 in the direction of wave-
guide m,n (see Note 1)
Go is the feed directivity
T is the distance between the feed and the waveguide
mni)
element
azcouﬁmnij/cosa is the absorbing cross section of the
waveﬂﬂide elemsnt
and Pmn is the raflection coefficient at the input of a
waveguide alement and 1s given by
2mvd
2(v-1) mn
Ton = 0L oin (-—_X--)
where dmn is the length of the waveguide element and
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ek

F @8 -E ,L,‘z_: e mﬁ:" mij |
. m a 1 ..4_ (r f )cQ' %n .

| :-ip[-dk(:;nij %Hvdmn-ﬁ;n-ﬁ)]

" and £ ls the focal leagth of th; lens.

The bower density 1s

4

, . 2° ' PG a
F(0,9) = i;sﬂ;f%%.- u '-9'15-5-3 IF(6.¢)|2

and since P/4vR2 is the isotropic level of radiation the directive gain
tion im 4

' Ga
(6,8) = 2 |F(B,0)|2
' NFf‘A

Note 1: The faedhorn radiation functioen £ is of the form

£ = (L-ul/6+ut/120) (1-vi/6+v4/120)

with
wdE
u .= coqu
md
vo T 0%y

fune~

where cosﬂx and conBY are direction cosines of rmnij' The parameters dE and

dH wvare obtained by fitting £f to the measurad E- and H~plane radiation patterns

of a 2~inch aperture conical horn excited with a 'L‘E11 mode.




R

A

T e e e

.

pefieny

v o= [1- (A2a)%)%/2

1s the index of vefraction of the lans.
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The pdwet absorbed at one end of esach waveguide element propagates unattenuated

to the other and where it is radiated.. At a far-field distance R and in

near-axial direction €,¢ the electric field generated is given by ’
i 1/2
ﬂ 282\ / + o '
: € a ] _
, h(8,0)|P, = (—-—-—}‘2 )oxp[ e gg * Ve = e W)]
)]
! where
1,172
Jirt (e) is the characteristic impedance of free space
i !
i k = %F A is the wavelength of .the radiation
3 4ma’
2 A; is the aperturas gain of the waveguide element
(o N
i h(6,9) is the amplitude radiation pattern of a wave- g
I | gulde element (se« Note 2) :
Z zmn is the vector position of element m,n at the
| exit side
e ;
el ﬁ = einfBcosdd, + sinbeingi + cosbi, is the unit
hﬁw direction vector. y \
f%“- The vector Bﬁn and ﬁ are referred to a rectangular coordinate system parallel }
‘EQ; to the coordinate system of Fig. 26 and with origin at 02
;&H:.
kil The field radiated by the antenna is obtained by summing the contribution g
4 . B
fﬂ‘ from each waveguide element and each feedhorn or 1
‘;J‘ 1
. 1/2
]
2(%)1/ 2 p6 .
A E(8,¢) = F(8,4)

4m Np R2>\2F2

T i 5 e o
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Fig. 26,

Wavegulde lens and feed clustar geometry.
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'>Tha gain Go - (

ﬁdEFF/A)z yher-‘dnﬁr; ghe cffectivé diametef of :ﬁe_féed—
horns, 18 deduced from tﬁé ﬁouuutod gain of thé 2-ihch hbrn. | | .
Note 2 : ?hu_gﬁplituda‘t.#iat;on pittqrn of the waveguide eleﬁents 18 unity _
‘exgeét'for_plgmcntqugqjicent to s step vhere it 1s made equal to the radia£1dn .
pattern of a_w¢§§§hid§-¢1§hgnﬁ aﬂjgcuntlto an iﬁf;nigq ground plaﬁe,

g_withrthe elQét:ic_vgcéor parallel to the giqund'plano
o hu(e.¢5 - 2010y + 2jainUcosU
and with the electric vector perpendicular to tﬂc grouﬁd plane
hE(0,¢) - 2co§2V - 2jcosVainV
h(8,¢) = Q for difcction below the ground plane

Um %% sinbsing

Ve %% s#inBcosd

Computation of Lens Geometry

The lens geometry is derived under the condition that a wave lssued from
a point source at the focal point is transformed by the lens into a plane wave

travelling in the axial direction, This condition is met with

o eg o LEELEE ¢ xy?M? - feni(nn)
mn "o 1=V

where Zl(m,n) = (Roz - x2-y2)1/2 - R,

Ro is the radius of the inner spherical surface of the lens

d° is the thickness of the lens on axis

x and y are, respectively, the abscissa and ordinate of wavegulde
elemant m,n
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The length of a waveguide element is reduced by T%G vhenever
°

A
-]
dn~do > 1,

pRr =TT s

where vy= [1~(A°/2a)2] and Ao is the lens design wavelength.

Computaer Program

The FORTRAN IV computer program listed below requires the following

. input data:

Input Data

List 1 -~ Lens Geometry

WL: design wavelangth of lens

D: 1lens diameter

A:  width of the waveguide elements of the lens

e

TAU: thickness of wall of the wavegulde elements of the lens

DZRO: thickness of lens on axis

scmames B

FOD: ¥/D ratio

T on ST P T

RADIN: radius of the inner surface of the lens.

K 2

LENSPR: printout indicator for lens geometry (set LENSPR -+ 1 for
printout)

IPLOT: plot indicator for lans geometry (set IPLOT = 1 for
$C4060 plots)

NPLOT: dineremented indéx to identify various runa
List 2 -~ Feed Geometry

. WLO: wavelength

e R~ T T P T R i s i et

hl SPACE: spacing betwaeen feeds

IFEED: number of rows in feed cluster, e.g., IFEED = 5 for
19-element feed cluster.

: !
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JFEED(I)

FACLAT:

ION(I):
JON(I) ¢

NFDON:

NOTE: TFEED and JFEED(I) cannot be made larger than 5 wathoul rodlmen:

number of feeds in each fow. i.e.; JFEED(1) =~ 3, 4, 5, 4,1

for.l?-alament-fced cluster.

lattice factor = ratlo of spacing between rows to spacing
between feeds in a row: FACLAT = 0.86& for triangular .
lattice

Firat in&icel of feeds which are excited

Second 1nd1c§|'of feaeds which are excited, c¢.g.,
ION(1) = 3,18%0, JON(1) = 3, 18*%0 means feed 3,3 is
axcited '

ION(1) » 3, 2, 1, 16%0

JON(L) = 2, 1, 2, 16%0)

means feeds 3,2, 2,1 and 1,2 are excited

‘number of feeds excited

sioning the array variables ION and JON

IPOL:

List 4 =

PHI:

TFIRST:
TLAST:
DELT:

ICARD:

All lengths

IPOL = 1 linear polarization with B-vector alouy X-a:zls
IPOL = 2 circular polarization

Field Geometry

angle of pattesn cut
PHI = () E~plane cut
PHI = 90 H-plana cut

initial 0 from axis
lagt 9 from axis
increment of O for which field 18 calculuted

Option card for next set of data
ICARD = 2 Go to Read List 4
ICARD = 1 Go To Read List 2
ICARD # 1 or 2 Go To Read List 1

ara in inches, angles in degrees

48

)




Output
The output data consist of
| 1. dinput data
2. Z-coordinates of wavoluidu ionl ve m,n
3. directivity o
4, rilntiva gain va angle o!f'axil for a éiv'n plane of cut
5. 8C 4060 plots .
It should be noted that much of the data reported in this document required

some slight modifications to the computer program which are not included in

_& R : the following listing., Yor instance the unit feed, the phass correction and

the variabla feed excitation coefficients are not dealt with,




GO TO 1001 REP00%80

‘.’
. .
FILK: REPORT PORTRAN A $/23/7% 10300 B.X.T, LINCOLN LABORATORY %
WRRRAE SRS RSCCONPUTER PROGARA MYORSRE B ERORNOB N REPO0010 "
DINBNSION 21(50,50) ,%Z3(50,%0) ,MCON (50}, NPIN(50) RADSQ (30,50) 1T2P00020 "
1 2WR{100) ,T(100) ,NGUXDN (50) ,PRZ (100) REPO0030 i
DINENSION JFEED(10),2P8X(10),RPSY (10,10), RPESQ (10,10) RBPO004O =
DINENSION XON (25) ,J0M(28) REPO00SO
DINENSION ISTER(50,30) : REPO0060 3
DINENNION ZCOR(2) ,PATH2(2) REP00070 -
CONPLEX FEEDFD REPO00ASO o
COMPLEX PINLD,PIELDR,YIELDN,PIRLDP(50,30,2) REPO0090
CONPLEX ANDN (2) , ANPN (2) REP00100
NANBLI3T/LIST1/4L,D,A,?AD,DZRO,Y0D, RADIV, LANSPR, IPLOT, NPLOT REP00110
1 /LIST2/MLO,SPACE,IPEED, JPBED,PACLAT,ION, REP00120 .
2J0N, NFDON,IPOL REP00130
_ 3/LISTU/PHI, TPIRST,TLAST,DBLT, ICARD REPOO140
. PUNC (X, Y, RADIN) = SQRT (RADIN®®2=X4#2uye®2) = RADIY R2P00180
al CRAD0,174532938~1 REPO0160
’ TWOPIw6,2831853 12P00170
¢ _ RTP00180
: c BEGIN CONPUTATION OF LENS GEOMITAY . REPO0190
i c . R2P00200
N 150 READ(5,LIST1,INDw900) REP00210
R . IF (XPLOT.EQ. 1) CALL HODESG © REP00220
= IP (XPLOT.EQ. 1) CALL BCOUTG(98,140,'8¢) RRP00230
g | WRITE (6,2) NL,PO0D, D, RADIN,A,TAU,DRRO RIPO0240
2 PORMAT (1HY 2X'WAVELENGTH=!,P5.3, IN,',/3X'R/Dut,P5.3,/3% REP002%0 K
1'DIAMETRRm?, F5,2,% IN,!,/3X'RADIUS OPF LENS INSXDE SURPACEw',PS5.2, REPC0260 R
1 INGY,/3X' WAVEQUIDE L. D.wt,F8,3,0 IN,,/8% ' REPO0270 ¥
- 2'WALL THICKNESS=!,P6,3,' IN,',/3X'LENG THICKNESS OM AXIS=',P6,2, REPOO2A0 x
b 4 IN,Y) REP00290
. PO 313 H=1,50 REP00300 0
e DO 313 Nw=1,50 REP00210 P
; : 21(8,N) =00 REP00J20 A
. 313 22(R,N)=0.0 REP003 30
[ APT=A+TAU REPO0340 ¢
B | FLsFODMD REPO0340 Fu
10 RINDEX=SQRT (1.~ (NL/2./h) #%2) RRP00360 N
B DVAYEwNL/ (1.-RINDRX) REP00370 g
y WRITE (6,3) RINDEX,DNAVY,PL REPO0380 b
5| 3 PORMAT (3X'INDEX OP REPRACTION®!,P6.4,/3X' PULL-WAVE STRP=!,P7.4, REP00390 b,
.\ 1" IN,',/3X'POCAL LBNGTHw',F6.2,' IN.!) RERO OO0 :
3. HMAX®=D/2./ARTS.5 AEP004 10 3
| HYXNm2, ®NMAX REPOO420 I
AR DO 600 Mwi,MHAX REPOO4 IO ‘
A MGUIDE (M) =M RRPOOULO ;~
¥ Xu (=MeMMAXS, 3) WAPT REPOOUSO . 4
‘5 NCOM (M) wHMAX+ 1, 5=SQRT (2.% (N~ , 5) *HHAX~ (W=, 5) ##3) REPO 0460 ﬁ
SN NPTN (N) w2%NNAX=~NCON (N) +1 REPOCUT0 9
1 DO €01 Nwi,HNAX R2P0 0480 b
E 1 IP(N.LT.NCON(M)) GO TO 603 REPO 0490 .
Wil Yo (=MeNNAXS.5) WAPT RRPO0S00 i
K 29 (M, M) =PUNC (X, Y, RADIN) REPOOS10 %
R DEDZwSQRT ( (PLOZ1 (M, N)) #24X0024YHA2) wPL =21 (K,N) BRPO0%20 {3
; DADZ=DADZ/ (1. ~RINDEX) REP00330 g
088 IPF (DNDZ.QT.DWAVE) GO TO 1000 RRPO 0S40 8

{ovmt ottt Ut san
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FILE: REPORT PORTRAN A %/23/775 10:00 ,X.T. LINCOLN LABORATORY

100V DMDZ=DMD2Z=-DWAVE REPOOSE0

GO TO 888 REPO0570

1001 Z2(M,N)=21(N, N) +DNDZ+DZRO REPOOS80

G0 TO 601 REPO0S90

. 603 21(M,¥)=0. R2PO0600

22 (8, N) =0, REP006410

601 CONTINUE REP00620

600 CONTINUE . REPO0630

R MMAX1=MNAX+1 REPOO6HO

DO 750 Wm1,MMAX REPOO650

750 22 (b, MMAX1)=22(N,NNAX) REPOOE60

4 DO 751 N=1,MMAX1 HEPO0670
E 791 22 (MMAX1,N)=Z2(MNHAX,K) ABp00680 ;
. c REP00690 \
; c ISTEP=| IDENTIFIES STEP ALONG X-AXIS REP00700 4
F c ISTEP=2 IDENTIPIES S5TEP ALOHG Y~-AXNIS REP00710 A
- ¢ ISTEP=3 IDENTIFIES STEP ALONG BOTH AXIS REP00720 ¥
sk C ISTEP=0 NO STEP REP00730 ’
|k c REPOQT4O :
A DO 400 M=1,MMAX REPO0750 8

SR NA=NCON (M) REP00760
_ DO 40O NmNA,MMAX REP00770 !
ISTEP (M, N) =0 REPDO780 ;
3 IP(M.NE.1) GO TO 404 REPO 0790 -
3 IF (22 (M, N) LT .22 (N+1,N)) ISTEP (M,N) =1 REPOOBOO i
GO TO u03 REFO00810 1
‘ 404 IP(N.LT.NCOM(M=-1)) GO TO 402 REPOOB20 N

- IF (22 (M, N) LT.22 (H=1,N) AND.22 (N, N) LT.22 (H41,N)) ISTEER(N,MH)=1 229008130

i - 403 IP (N.EQ.NA) GO TO 401 REPOOBUO
B 402 IP{M.BR.1)GO TO k05 REPOQBE0 i
Y- | IF (N.LT.NCOM (M=1) AND.Z2 (N, N) . LT, Z2(M+1,H)) ISTEP (M, N) =1 REPO0830 :
ey 405 Ir(ZZ(H.N).LT.Z2(H,N-1).AND.Z2(!,N).LT.ZZ(H,N+1))IS!EPIH.!)ﬂISTEP(IlPOOBTO 4
R Y 18, N) +2 REP0 0880 :
5. | I GO TO 400 REP00890 k
| 401 IF(Z2 (M,N) .LT.Z2 (M, N+1)) ISTEP (M, N)~LSTEP(H,N)+2 REP00900 J
Ry 400 CONTINUE RE00910 i
k. b 626 DO 630 M=1,MMAX REP00920 ‘
S MMAX1=NMAX+] REPGO930 ;
N DO 630 N=MMAX1,MPIN REPO094O i
| B MN=MPIN+1-N REP00950 -

] ISTEP (M, N) =LSTZP (H, ¥N) REP00960

o 21 (8, N) =21 (M, 8HN) REP00970

B . 630 22 (M, N)»22 (M, HN) REP00980

| DO 631 MsMMAX1,MPIN REP00990

N HM=NPIN+TI-N REP01000

g | MGUIDE (M) =M REPO 1010

B NCON (M) =NCOM (BN) REPO 1020

ol NPIN(M)=FPIR(NM) REP0 1030

- A3 DO 631 N=1,MPIN ARPO1040

| # ISTEP (M, N) =ISTER (88, N) REP01050

SR Z21(M,N) =21 (MH,N) RAPO 1060

B | 631 22 (M, N) =22 (H8,N) REPO1070

| ¥ IF (LENSPR.NE. 1) GO T0 702 REPO 1080

v | B 625 NP=1 REPO 1090

NL=18 RRPO1100

51




FILE: REPORT  FORTRAN A 5/23/75 10200 "M.T.T. LINCOLN LABORATORY

oaGaooa

aaoaon

610 IRITI¢6,10)(HGUIDB(H).U-IP L)
10 POBMAT (1H1 29%'INSIDR SURPACH l-Llth! (xu.)-/ssxO-tttnt---tt'/
11X1X' /(2% 1816))
WRITE (6,4) (MGUIDE (M), (21 (K, N) , W=NP NL) ,B=1,AFIN)
y rohuur(1x 12,1876, z//)
"IP (NPIN- NL)?OO,?OO 701
701 NP=NL+1
NLwNL+18
GO T0 610
700 NF=1
NL=18 -
800 WRITE(6,11) (MGUIDE(M) ,H=RP, N1)
11 PORNAT (1H1 29X'00TSIDE SURFACE Z-LEWGTH (IN.) ' /55X hananyghannnty
112X /2% 1816)
"NRITE (6,5) (MGUIDE (M), (Z2 (N, N) ,NeNF,NL) ,Hn 1, NPIN)
5 FORMAT(1X I2,18%6.2//)
Ir(nrxu-ux)7oz 702,703
703 NFrsNL+1
NL=NL+18
G0 TO 800
702 CONTINUE

END OF LENS GEONETRY CALCULATION
BEGIN CALCULATION OF PIELD AT OUTPUT OF WAVEGUIDE ELERMENTS

151 READ(5,11872,END=900)
WRITE (6,7)uLO, SPIC!.I'!ID,(J"'D(I).t'1.1°).’lc&lr
7 FORHAT(1H1 GX'OPZRATING 'lV!LS'GTH",'? 3, IN.Y,/
15X *SPACING BETWEEN PREDSw!,P7.3,!' IN.'
2/5X'NUMBER OPF ROWS=!,I2,/5X'NUNBER OF ’l’bs PER ROW IS',1013
3,/5XYLATTICE PACTOR=',P6,3)
WRITE(6,21) N¥DOM
21 PORNAT{ SX'NUMBER OF PFREDS ON IS5',I2)
IF (TPOL.2Q.1) WRITE(6,737)
IP (1POL.EQ.2) WRITE(6,738)
737 YORMAT(SX'POLARIZATION IS LINEAR!)
735 FORMAT (SX'POLARIZATION IS CIRCULAR?Y)
FEED HORN PARAMEIERS
NEXT THREE STATEMNENTS DEFINE A THEORETICAL FEED THAT HAS
A GAIN PATTERN IDENTICAL TO0 THE NZASURED GAIN PATTERN OF A
2~INCH CIRCULAR APERTURE
HOBNH=1,590%3FPACE/2.
EFFDIA=1.719SPACE/2.
GFEED=TNOPI*EFPPDLA/NLO/2.
GPEED=20.*ALOG10 (GPEED/WLO/YL)
MPIRST=1
MLAST=MPIN
DO 104 M=MFIRST,MLAST
NA=NCON (M)
NB=NPFIN (M)
DO 102 K=NA,ND
BADSQ (Mo N) #(=N+HBAXS,.5) %824 («N+HHAK+, 8) *02
102 RADSQ (M,N) =RADSQ (N, N) ®APT#%2

- RERO1110 .
REPO 1120

:P01130
RRPO 1IN0
RRPO 1180
18201160

‘ABP01174

REPO1180
RBP01190
REPO1200
12201210
REPO1220
REPO1230

REPO1240

RZPO1250
REPO1260
REP01270
REP01280
2201290
REPO1300
REP01310
REP01320
REP01330
REP0 1340
REP01350
REP01360
REP01370
REP01380
AEPO1390
REPO1400
RBPO 1410
BEPO1420
REPO 1430
APRO 1440
REPO 1450
REPO 1460
REPO1470
WRPO 1480
RER0 1490
REP01500
REPO 1510
REPO 1520
REPO 1530
REP0 1580
REPO 1550
28201560
2P0 1570
2EPO 1580
REPO 1890
REPO 1600
REPO1610
REPO 1620
REPO1630
REPO 1640
REPO 1650

B e o V7,
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PILE: REPORT  FORTRAN A 5/23/75 10300  M.X.T. LINCOLN LABORATORY
104 CONTINUE REPO1660
¢ REPO1670
¢ CONPUTZ PEED GEONETRY RRPO1680
¢ "REP0 1690
DO 230 I=1,IPEED R2P0 1700
NPRED=OFEED (1) REP01710
EPSX (1)~ (-I+¢IPBAL/2, ¢, 5) $SPACR#PACLAT REP01720
- . BPSXSQuEPSX (I)%#2 REP0 1730
. DO 250 J=1,MPERD , REPO 1740
& EPSY (I,J) = (~J+UPEED/2.4.5) SPACE REP01750
k|, 250 EPSSQ(X,J) =EPSY(I,J) $#2+P818Q REP01760
B . ¢ 2201770
;- c EAD OF COMPUTATION OF PEED GRONETRY REP0 1780
ki c REPO 1790
‘ FLSQuPLYe2 REP0 1800
_ RINDBX=SQRT (1.~ (W30/2./h) ¥#2) REP01810 ,
| REHO= (RINDEX-1.)/ (RINDEX+1.) REP01920
&l RHO2w2, *RHO S BP0 1830 ]
‘a WRITE (6,16) (ION(I),JON(T),L=1,19) REPO 1840 '
NE 16 PORMAT (2X'THE POLLOWING PEEDS ARE OW',10(* (*,I3,',',I2,%)')/29% REPO1850
T 19(4(1,12,',,12,Y) 1)) REP0 1860 .
GPEEDA=GIEED-10. ®ALOG10 (FLOAT (NPDON)) REP01870 ]
118 DO 113 N=1,NFIN REP0 1880
DO 113 N=1,MFIN Arp01890
PIELUE (M,M,1) =(0.,0.) RRP01900 ]
113 PIALDP(M,N,2) =(0.,0.) AEP01910 9
DUE=THOPIWHORNE,WLD/2, ' ABP01920 o
DNHTNOPI®HORNH/¥10/2. , AEP01930 :
DO 999 I=1,IPERD REPO1940 :
NPREDsJPRRD (I) REPO 1950 -
DO 999 J=1,NPERD REP01960 :
710 PEEDFDwCHPLX(1.,0.) REP01970 :
HCOUNT=0 RXP01980
DO 712 IoF=1, IFERD A8P01990
HPTED=JPRED (ZOF) RRP02000
DO 712 JOF=1, HPERD AEP02010
NCOUNT=NCOUNT+1 ARP02020
IF (I.20.ION (NCOUNT) .AND.J. BQ.JON(NCOUNT)) GO TO 719 . ABP02030 :
712 CONTINUE RRPO2040 :
GO TO 999 RER02050
711 KFIRST=1 REP02060
HLASTNPIN REP02070
DO 111 MwHPIRST,MLASY REP02080
NA=NCON (M) REP02090 .
v NB=NP N (M) REP02100 :
X= (MMAX¢, 5-N) WAPT R2P02110
XXX2, *EPSX (I) $X~EPSLQ (T, J) ~PLOS2 R2R02120
00 1113 M=Kk, NB RBPO 2130
. Y™ (NUAX+, 5=H) *APT REPO 2140 !
PATH1w=XXX=2,¥EPSY (1, J) 4Y+2.9 (PL-RADIN) 21 (N, N) REP02150 '
PATAQR=SQRT (PATHY) REP02160 .
SCPR= (X-EPSX(I)) /PATSQR R2P02170 :
SSPR= (Y-EPNY(X,J) ) /PATSQR 22P02180 :
U1«DYE*SCPR R2P02190 :
U2=DWESSPR REP02200




S -

gy r:ni:'nzpoqr.. rdnr;gu.nu 6/13/75 13153 ° N.I.%, LINCOLN LABORATORY:

BT N e s, DI

'.'.0180'01"'3 e e o - o - T REPO2210

" i
\ RRRIN g
G u28Qu2eeg: © . RBPO2220 - - o
 AMPLIW(1.=U180/6 001!0*#3/120 )t(1.-uzlo/a ¢q2snttz/1zo ), .7 REp02230 ,
o AMPLIWANPL I/SQRT (1. ¢B1 (M, W) /PL) C 0 RBPO224D G r
-.qxgnllt-(rz-llbll)ﬁlﬂ(l,"tttillbll-l'ﬁl(!)‘8-308!(!¢d)#! 0 U Rp02ase :
-anRRI-SQII(Rlll/llb!l/l&!!ﬁl} f'_;_.ngrozzso o
- AMPLI=ANRLI®RARR ‘ L L ST RER02270.
; ’A!PLI-AIPLIlrL/PATSQl : - s T © L REP02200
A T 0 RPATHI-PATSGR : L T REPO2290 . -
Qo e e PATHYIRPATHISTNORPI NLO - REP02300
: , S r:zmnp(n,l.1)-rzlxnv(n.l.1)+clr&x(narzx.o )'ulxv(cuvzx(o..rnrn1)) REP02310
1ePREDID . REPO2320 A
., IP(IPOL.NE.2)GO TO 1113 , D g REP02330. - R
s Lo T 0 =DUReSSPR Lo COTT O REpO2IMY. L
|- s © 7 UZwDUHESCPR : ' S AEp02350 S
- ' : - 413Quu1ee ' : R . - REPO236) -
| - . U28Quu2en2 . HEPO2370 . -
- B B _ .. AMPLIm(1,-U18Q/6.+U150%#2/120, )#(1.-02:0/6.¢u:so*¢3/130 ) ABP02360
- e hnrn:-nuvn:tnnnnmrzlralel/IOIQ(1.¢:1(I n/sr - RRP02390",
“ﬁ" . PLELDP(N,N, 3)-r:lnnr(n.l zioclvzltaavzx.o )tc:xt(curnxco..rnwn1’> REPO20400
1 : . 1erERDPD RXP02410
: 1113 CONTINUE. e : . REPQ2020 ;
i , © 111 CONTINUE - : : 0 RBPO24 30 .
A . : 999 CONTINUE : : ' REPO24 U0 ~
i ¢ o REPO2USO ¥
p ¢ END OF CONPUTATION OF PINLD AT BXXT OF navuau:nns n:rg;ggg 3
B | c , REPO 2 o
f: ¢ ‘BEGIN COPUTATION OF PAR PINLD . REPO2uB0 .
1 c - B . L : . " RERO2490 3
Al : 18 'READ (5,LIST4, ENDw900) REP02500
" . WRITE (6,17) PHY REP02510 !
kit 17 ronnar(/sx'rﬂx-t.rv 2,'DNGRBES ) REPO2520 Co
- PHIRmPHI®CRAD ' REPO2530 SN
e - COSPHI=COS (PHIR) _ REPO2SUO .
i : SINPHI=SIN (PHIR) © REP025S0
K| PUNORw=100, REPO2560 .
RLFi THETA=TPIRST ' REPO 2570 .
IEND= (TLAST~TPIRST) /DALT¢1,S REPO2580 :
, 116 DO 110 K=1,IEND REPO 2590 y
B THETAR=THETASCRAD RBP02600
i SINT®SIN (THETAR) REPO 2510
18 COSTmCOS (THETAR) REPO2620
Bl ¢ AEP026 30
g e BEGIN COMPUTATION OF RADIATION PATTERN OP WAVEGUIDE RLENENTS anpggggg
ol c - REP ;
A SINCOSHSINT#COSPNI REPO2660 AS
3 SINSIN=SINT#SINPHI REP02670 !
49 PIDOL=APTHTINOPI/2,/WLO REP02580 |
k! HPIDOL=ALS (PIDOLY STNSIN) R2P02690 |
ity EPIDOL=ABS (PXDOL%SINCOS) REP02700 v
v SINNSIN (HPIDOL) REPO2710
'y SINM=SIN (BPIDOL) - R2P0 2720
COSN=COS (HPIDOL) REP02730
COSN=QOS (RPIDOL) REPO2740
PIELDE™(0.,0.) REPO2750

Sk




[
'

:xgbar \!OITQAI A :5/23(15L101bo. AENS x:ncozu nnao:nran "

ijrzlnna-co..o.)‘ .ff.. L 'V.uh[ .\:
T NPIRSTY. R It IR

>..thlltni! b

0112 u-ur:nsr.hnnsw

L NBRNRIN(N)

| |
“NAeNCON (M) - ,J,~- _ oy
. . - . B . -
|

. DO-1123 MwNA,NB
‘AMPH (1) =CHPLY (14 ,0.)

‘. AMPH(2)=CHPLX (1. 0.

)
ANPN (1) =sCAPLYX (1. ,0, ;

~ANDPN(2) sCHAPLX (1.,0.

ZCOR (1) =22 (X, X)
2ZCOR(2)=Z2(N, N) -

" IF(ISTEP (M, l).Gl 2) GO TO 410

410

431

(¢ X 2% 2]

G0 TO U1

IF (SINT*SINPHI, Glnﬂnollb.l-hlclllll ¢0 TO “28
IF (SINT*SINPHI.LE.O..AND,N.GT. HHAY) BO T0 42
AMPN (1) =CHPLX (0.,0.)

AMPN (2) =CHPLX (0. ,0.)

'Go-T0 1123
420

AMBN (1) »CHPLX (2. " SINN®SINN,+2, *STUM*COSN)
IP (R EQ.NA.OR.N.E2Q.NB)GO TO 431
2COI(1)IIIIN1(22(l.l~1).22(l.l01))
IF(IPOL.NE.2) GO 70 “3

-ACOFm2,

) IP(SINSI'-EQ 0.) ACOPw=1,
430

411

421

120

lHPl(?)'CHPLI(ICOP‘CO!N‘COSI,-ACOP‘COSI‘SIII)
IP (ISTEP (M,N) .3Q.2) GO 10 120
Ir (ISTBP (M, M) .2Q.0) GO TO 120
:r(sxurtcospu: G2.0,.AND.H.LE.MNAX) GO TO 421
IF(SINTRCOSPHI,LE.O. AND.#.GT.NNAX) GO TO0 421

'IHPH(1)-C!PL!(O-.0 )

ANDN (2) =CAPLY (0. ,0,)

GO0 TO 1123

lCO!‘ﬂz .

IF (SINTCOSPHI.EQ.0.) ACOP=1,

ANDR (1) wCHPLX (ACOP¥COSHRCOSN, ~ACOPHCOS KRS INN)

I (IPOL.NE.2) GO TO 120

AMPH (2) =CHPLY (2. #STNNSTHMN,+2, ST ANSCOSH)

IP (M. B0 1.0R. H.EQ.HPIN) GO . 10 120

IP (M. LEHBAX, AUD. (N . LT MCON (H~1) . on.l.at.lr:l(u-1))1¢o 70 120
IP(M.GT.MNBAX. AND. (M. LT . NCON (M+1) . OR. W. G2 NPIN (Be¢1))) GO 20 120
2COR(2) =AMINY (Z2(N=1,0) 22 (Ne1, W)

BND OF CONPUTATION OF RADIATION PATTERN OF WAVEGUIDE ELENENTS

PATHRAPTS ( (~H+HMAX+ . 5) ®COSPHIS (~HONNAX+, 5) #8 INPNT) STV
PLANS = (42 (M, M) =21 (N, N)) *RINDEYX
FINO=THORI*PLENS/NLO

ROIN=RHOZ*SIN (FIRO)

AREREF=SQRT(1.«ROIN®H Y
Pl!H?(1)*($COl(1)‘S1(H.I;)‘l!lbl!~!l!!~(!COI(1)~DI!O)‘COST
PATHZ (2) » (S3COR(2) =Z1(H, M) ) RINDRX-PATE~ (ECOR(2) ~DZRO) *COAT
PATHZ (1) =RATH2(1) *THORI/VLO

PATH2 (2) »PATH2(2) *7WORI/NLO

28P02760 . o
CABPORTI0 L
REP02780
. EPO2790
© 'NNP02800.
. AEPO2810. .
- REPO2820 -

RBP02830

- RERD284O
~RBP02650
RBP02860
RRpP02679
RERPO 26880
‘REP0O2890

- RBP02900
~RAP03910
- RBP02920
- -ABP02930
RBR02940
18002950

- RBP02960
REP02970
AEP02940

22202990
‘RBP03000
28P03010 .

REPO 3020
RBP0 3030
RRPOIO4Q

RRPO30S0

- RERO3060
REPO 3070
18903080
REP03090
1803100
NEP03110
XBP03120
REPOI130
s 3 LEMLTY
RAPO 3150
1EP03160

+ AEPO3YT0

KEP03180
13903190
_MRP0 3200
REPO3210
1003220
REPO 3230
RAPO 32640
NEPO 3250
NRP03260
AEP03270
2013200
1%903290
INP03300
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at t#nleialvolﬂ _.!Olrlll A u-;5/23/1s 10100 - l.!.!. LINCOLY LABORATORY U S e N
s B S . o ~, ¥ R o ! e _ S .".':
A IR ;- ran IO!IILDIO?IILDP(I 1;-c xr CIPL! 0. rn!n (1);)-Anpl(1y Coon 11103310' SRR,
Y AISERCRN *- nn§¢1)tcupns° (ANDREDSO, 5 . ‘ 0 3 © . 23PO3320 oy
e PRI £POL.NE.2).60.70 $429. . - 2EP03330 e IR
e r:snnn-rzsnnu*v hmnv(l.i.zy-Clxr(cnrtt(o..rnrl:(zpp)-Alrlcz) T RBPO3INO e
o 1anuru42)~cnnnx(lnrnqr. i) e . RRPOIISO R
o B a 1123 Co:tINUI ; R v, . PR ¥ | 1111 I IR
4 B \12 CONTINUE e e o o o ' - RBRO3MT0 .. L B

. . jrxlhn-rzxnn: o cT Y RBPO3380 ' i o
; " IR (TROL, BQ. z)r:nzn-o 5t(rxxzntorxxznn) . . REPOSISO . BRI
N ;nz(K)-Arxua(aana(r:znn).nlnn(r:izn);/cnan o RS - CELTT) -
iy _— @-rnagp-cnas(rxizn)on prad , R o REPOIU10 X i
g s DNB(K) wGREEDA +20 ma;oqso(ranao) o R ' . RERPO34R20 s
@.. ‘ oL IRCONB(K) . GF. vwnon) d0'70 876 . o 20 AEPO3N30
gy oo .reo\mo 879 _ e - S PO 3440
A . a8 goahrun(ns T _*,“ p " o TR
a1 EZNORSPEZ (K) . s T IRAREIEE dee o RAPOINEO
1. 879 r(x)-ruxra R s L C 3 ~¥BP0 3470
N 110, !HITI-THETA+DtLT - . - REFOIUB0
Al c. . RBP0 3490
! C PRINT ARD FLOY STATENENYS RBP0 3500
i ¢ N S 2P0 3510
i DO %01 K=1,IEND ' : REP03S20 &
ul- | ©.. PUR(K)=PWR (K) ~PUNOR REPO3530 .
{ - 501 FEZ(K) =PEZ (K) -PRZNOR . : NEPOISHO B
it WRITE(6,502) PUNOR,FEZNOR 1EP03550 [
B 502 FORMAT(//7X *PEAK as:u-'.rv 2, DB, 5l‘llrllllCl PHASE=!,P7.2,' DEREP0I560 .
il 1GREES?) A0 35870 :
RITE (6, a)(r(:) run(x).rxz¢1) I=1,IEND) ARPO3380 A
8 PORMAT( //5% REPO3590 .
1YTHETAY,10X'DB!, 9X'PHASE(D2G) *,/(5X P6.2,6%X ¥8.2,61r8.2)) EEP0 3600 .
IF (IPLOT.EQ.1)NRITE (6, 71) NPLOT 2RP03610 v
" roannr(// 10X 'PLOT WO ',I3) REP0 3620 !
WRITE (6,72) RBP03630
72 PORNAT (1H1) REPO 3640 }
DO 301 I=1,IEND REPOIGSO )
301 IP (PWR(I) .LT.-40.) PWR(L)==40. RBPOI660 p
PWR (TEND) =40, NP0 3670 i
IF (XPLOT.NE.1) GO TO 650 T REPOIGNO b
CALL GRAPHG(IEWD,T,PUR,7,'DEGREES',2, DB, REPO 3690 i
149, 'HULTIPLE BEAN ANTENNA, WAVEGUIDE' LENS~~DION D-#13%) REP03700 3
CALL LINESG(IXND,T,P¥R) RRP03710 ¥
XST™U 00 28903720 - &
Y87 100 RRP03730 . §
2 . WRITE(98,70) XST,¥ST,NPLOT RRP0 3740 i
i 70 PORNAT (2A4,'PLOT ¥O ',X3) . RBP03750 o
I NPLOT«NFLOT+1 REP0 3760 R
1y CALL FRAMEG : 2BP03770 o
3 650 CONTINDX ABP03760 o
1 17 (ICARD.2Q.1) GO 10 159 RRP03790 i
il 1¥ (ICARD,2Q.2)GO T0 18 REP03800 b
A Go T0 150 18903810 "
f 900 IP(IPLOT.8Q.1)CALL EXITG - RRP0 3020
& ARTURY 2EP03030 .
b mp RRP0 840 "
; )é
;' 1H
¢ il\‘
K ‘
t

56
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