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Abstract 

vi 

This report presents the results of an analytic and experimental program to 
develop techniques for calculating the circularly polarized patterns of erectable 
spacecraft high-gain antennas. Surface equations for one class of radial rib erect- 
able antenna are derived. Mathematical expressions are developed for calculating 
the far field circularly polarized patterns based upon the reflector surface equa- 
tions and circularly polarized feed illumination patterns. 

Experimental measured patterns were obtained to compare with the computer 
calculated theoretical patterns. Sample computer programs used to obtain the best 
focus position and to calculate patterns are contained in the Appendix. 
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Large Spacecraft Antenna Study 

Analytical Pattern Subtask 

1. Introduction 
The objective of this subtask was to develop an analytic 

method for calculating the patterns of high-gain unfurl- 
able spacecraft antennas. Because of the mechanical 
compromises necessary for packaging the antennas, the 
erected surfaces are not smooth paraboloids, but only an 
approximation. 

The subtask consisted of three parts: 

Part one consisted of deriving the surface equations 
of one type of erectable surface: the radial rib 
antenna. 

Part two was the analytical development of mathe- 
matical exprhssions for calculating the far field pat- 
terns of erectable spacecraft antennas. Most of the 
equations developed during this study will be 
relegated to the appendix. 

Part three was an experimental program to obtain 
measured patterns of erectable antenna models for 
comparison with the calculated patterns. 

Ref. 1. Significant features of tbe particular implementa- 
tion of this technique are: 

(1) A unified coordinate system is used to describe the 
primary pattern, the reflector surface, and the sec- 
ondary pattern. 

(2) A system of circularIy polarized unit vectors is em- 
ployed to handle the primary and secondary pattern 
polarization. 

(3) Only the surface position vector equation need be 
derived. The surface unit normal and element of 
area are contained within the particular formulation. 

5 

A. Surfuces 

The reflecting surfaces are described in equation form 
by giving the magnitude of a position vector directed 
from the coordinate origin to the surface for each value 
of the position vector direction angles. For example, with 
reference to Fig. 1, the vector surface equation is 

P = P@,+P)iP (1) 
II. Analysis 

The technique selected for calculating patterns uses 
surface current integration as outlined in Section 5.9 of 

where 6,+ are the spherical coordinate angles and i, is 
the unit vector in the direction of increasing p. 
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upholstery eflect. In the following discussion, the reflect- 
ing material will be assumed to support a singly-curved 
surface only. 

The derivation of the equations for a general singly- 
curved, gored surface with radial ribs (Ref. 2) is outlined 
in Appendix A. 

Fig. 1. Coordinate system 

The true erectable antenna surface in the space environ- 
ment can only be derived from mainly mechanical con- 
siderations. These considerations involve balancing the 
forces acting upon the reflecting surface. The forces that 
shape the reflecting material arise from the following 
inputs: 

(1) Stress properties of the reflecting material. 

(2) Thermal properties. 

(3) The antenna erecting mechanism. 

(4) Spacecraft attitude control forces. 

(5) Solar electromagnetic forces. 

(6) Spacecraft electrostatic or magnetostatic forces. 

Since surface equations were not available for the above 
conditions, a derivation was made of a particular theo- 
retical model of one class of erectable surface-the radial 
rib antenna. 

The radial rib antenna consists of reflecting material 
pulled uniformly between pairs of radial ribs. In the theo- 
retical model the material has no sag or deviation from a 
straight line between equidistant radial points along a rib 
pair: the resulting surface is termed a gore, a term used in 
dressmaking. 

If normal fabric type reflecting material is used for the 
antenna, the gore will support two-dimensional curvature 
to balance the forces caused by the ribs and the resulting 
unequal orthogonal tensions in the fabric. The billowing 
or double curvature of the fabric surface is termed the 

The surface current integration technique as formulated 
in Ref. 1 requires the equations of not only the surface, 
but also the surface unit normal n, and the elemental sur- 
face area ds.  

As the surface equations alone are difficult to obtain, 
these additional requirements should be obtained as 
simply as possible. 

By using differential geometry (Refs. 3 and 4), the sur- 
face unit normal is 

- aP aP 
a+ aS n =  

(EG - F2)M 

and the element of area is given by 

dS = (EG - F2)Mde d+ 

where 

(4) 

The common radical term will cancel leaving only vector 
partial derivatives in the surface current formulation. 

B. Coordinate System 

To simplify the derivation of the surface current inte- 
grand, it was decided to specify the coordinate origin to 
be the primary illuminator phase center. Other choices 
could have been the reflector vertex, or the intersection of 
the focal axis with the aperture plane, etc. Also, a spherical 
polar coordinate system is used. 

These choices complicate the derivation of the surface 
equation but sidestep the many transformations required 
if feed, reflector, and secondary pattern are separately 
described relative to their own coordinate system. Also, 
the feed pattern corresponds to the output of normal pat- 
tern measurement practice with respect to the Z-axis, but 
with the 6 = 0 and 19 = T directions simply reversed as 
shown in Fig. 1. 
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The secondary pattern is the vector sum of the feed 
direct radiation and the scattered radiation from the reflec- 
tor. This addition is simplified by calculating the scattered 
radiation relative to the feed phase center. 

Calculating the secondary pattern with respect to the 
feed phase center should not cause any difficulty except 
perhaps if the secondary pattern is to be used as the pri- 
mary illuminator for another larger reflector. In which 
case it would be desirable to calculate the secondary pat- 
tern phase relative to its own phase center. 

C. Polarization 

Since most spacecraft antennae are designed to radiate 
circularly polarized radiation, it is desirable to perform 
pattern calculations using circularly polarized field com- 
ponents (Ref. 5). 

A system of unit vectors with restrictions (Refs. 6 and 7) 
has been contrived to represent circularly polarized radi- 
ation in portions of the spherical coordinate system. 
The unit vector defining the polarization of the feed 
field directed toward the reflector is given for left hand 
circularly polarized radiation as 

pL = 2 4  ( i e  + ji+) exp - j+ foro< OL-T,any+ 

(5) 

The unit vectors i, and i+ are by dehition normal to 
the direction of propagation, i,. However, at the poles of 
the coordinate system, their direction is ambiguous. With 
respect to the Cartesian coordinate system of Fig. 1 in 
which the spherical coordinate system is immersed, the 
polarization vectors are defined to be oriented parallel to 
the X -  and Y-axes at one pole (generally the peak of the 
pattern) and left undefined at the opposite pole (generally 
the pattern null opposite the peak). The exp --i+ term 
fixes the orientation of the two spatially orthogonal, time 
quadrature vectors in the coordinate system. This is re- 
quired because i, and i+ change direction with +. The far 
field unit polarization vector is normal to the direction 
of propagation and is given for right circular polariza- 
tion by 

However, to perform the dot product of the complex 
conjugate of this vector with the surface current in order 
to obtain the far field components, it is necessary to obtain 

Eq. (6) in terms of i,,, i,, i+. This relation (Ref. 8) is given 
in Appendix A. 

Equations (11) and (12) in Ref. 8 give the final mathe- 
matical expressions for calculating circularly polarized 
far field patterns incorporating the features described 
above. 

D. Integrating Surface Current 

The calculation of far field patterns requires the evalua- 
tion of a double integral (Eq. 11, Ref. 8) over the erectable 
antenna surface. The integration must be performed 
numerically on a computer due to its complexity (Ref. 9). 

The first programming attempts used a double Simpson 
(Ref. 10) integration scheme wherein the integrand was 
calculated over each gore of the reflector at points evenly 
spaced in the spherical coordinate variables. The evenly 
spaced coordinate points allowed the use of simple finite 
difference techniques for evaluating the surface deriva- 
tives. However, the spherical coordinates cause a group- 
ing of points near the pole or vertex of the reflector and 
widespread points near the reflector edge. 

Since approximately 5 points per wavelength on the 
surface are required for good accuracy, the first scheme 
leads to an inordinate number of points to be evaluated 
around the pole at e = T.  

The second programming attempt took advantage of 
the fact that since each gore is identical, the surface 
vector magnitude and its derivatives need only be calcu- 
lated for one gore. Appropriate angular changes are made 
in the calculations to reflect the different gore positions 
around the focal axis. In addition, the surface arc length 
for a paraboloid is used to calculate an approximately 
equal area distribution of points over the surface at which 
the integrand is to be evaluated. The latter scheme re- 
quires less computer time, but analytic surface derivatives 
are needed. The program is shown in Appendix B. 

The integration is still performed by a Simpson method 
but us& single integration in one variable, the results 
of which are then singly integrated again in the other 
variab1e.l 

'It was noted in a private communication with Mr. Arthur Ludwig 
that he has developed an integration scheme which requires only 
about 1% points per wavelength on the surface for the same accu- 
racy as a Simpson scheme. However, the Ludwig method has not 
as yet been incorporated into the above program. 
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An attempt was made to develop a general program 
input to handle a wide range of reflecting surfaces (e.g., 
spacecraft solar panels), but the possible range of reflec- 
tor surface geometries and their boundaries greatly com- 
plicate any simple schemes for the method of selecting 
surface current integration points. Nonetheless, the math- 
ematical development is still applicable, requiring only 
the particular reflecting surface equation and illuminator 
characteristics. For each particular type reflector the com- 
puter program must be restructured to calculate a grid 
of surface current integration points that lie only within 
the reflector boundaries. 

E. Focus location for Greatest Gain 

Since an erectable antenna reflector surface only ap- 
proximates a paraboloid, the feed location for greatest 
gain cannot be readily located by reference to the sur- 
face geometry. However, for a given feed pattern, the 
best focus position can be determined from the criteria 
(Ref. 11) that the illumination weighted mean phase devi- 
ation over the aperture be zero. 

A computer program was written which uses a random 
number generator to provide coordinates for sampling the 
phase deviation over the reflector surface for a given 
focus position. Each sample point is weighted by the feed 
pattern and the sum of all sample points is averaged to 
yield the weighted average phase deviation. The best 
focus location is determined from a plot of mean phase 
deviation vs focus position. The program is shown in 
Appendix A. 

111. Experiment 

A. Reflector 

Two models of radial parabolic rib erectable antennas 
were constructed to be used for checking the accuracy of 
the pattern and best focus location calculating programs. 

Figure 2 shows the 3-ft diam 6-rib model, and Fig. 3 
the 6-ft diam 8-rib model. The 0.35 focal length to diam- 
eter ratio (F/D) ribs were made from saw cut stacks of 
aluminum sheet. The parabolic template curve was ob- 
tained from a computer generated and plotted curve. 

The gore reflecting material is 2,000 A aluminized 1-mil 
mylar, attached to the ribs by film splicing tape. A pat- 
tern for use in cutting the gores was also generated and 
plotted by computer. 

B. Feeds 

Two types of circularly-polarized feeds were con- 
structed for illuminating the model erectable surfaces at 
the frequency of 2297.6 MHz. 

One feed is a column-supported, crossed turnstile fed 
with a half-wavelength split-balun. The feed has a cir- 
cular cup reflector. The second feed which was tripod- 
supported in the 3-ft dish consists of a hybrid-fed coaxial 
slot backed up with a cup which provides uniform ellip- 
ticity over the pattern and a 5.5-in. diam ground plane 
for back-lobe suppression. 

Problems were encountered with both the phase centers 
and polarization characteristics of the feeds. The cupped 
turnstile feed dipole elements were adjusted for minimum 
(0.3dB) ellipticity on axis for the feed alone. The feed 
was then placed in the 3-ft diam model reflector and posi- 
tioned for greatest secondary pattern gain with respect to 
a right circularly-polarized illuminator (0.25-dB ellip- 
ticity). The on-axis ellipticity of the secondary pattern was 
4.5 dB! Ideally, the secondary pattern ellipticity should 
reflect the primary pattern ellipticity. 

The feed was then adjusted for greatest gain and mini- 
mum ellipticity simultaneously while installed in the 6-rib 
model reflector. The secondary pattern ellipticity was then 
0.3 dB. However, the ellipticity of the feed alone was 
determined to be 4.0 dB. Figure 4a shows the circular 
cupped turnstile feed performance as the feed is moved 
axially in the dish. A possible explanation for the polariza- 
tion difficulty is that the portion of the reflected radiation 
from the dish that is intercepted by the feed is again 
reradiated by the feed in the same sense (thus cross- 
polarized with respect to the feed). Upon scattering from 
the dish a second time, the feed-intercepted reradiation is 
of opposite sense to the main beam dominant polarization. 

Next, the phase center of the feed alone was measured 
and was determined to be 0.19 in. in front of the cup lip. 
The location of the cup lip from the vertex for greatest 
gain was 10.27 in. which made the best focal length equal 
to 10.08 in. It was thought that the feed phase center 
should be located at the mean geometrical focus of the 
reflector. The ribs are parabolic with a focal length of 
12.6 in. The gores are wedges of parabolic cylinders with 
a focal length of 9.4 in. The mean focus is thus 11.0 in. 

At  the same time these measurements were being made, 
the first results were available from the pattern calculat- 
ing program. The calculated patterns were wider than the 
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Fig. 2. Six-rib model erectable reflector 

measured patterns although the peak gain approximately 
agreed. 

It was decided to construct the quadrature hybrid-fed 
feed on the theory that its ellipticity and phase center 
location would be less sensitive to reaction from the reflec- 
tor;2 this was based on: (1) the changed feed ellipticity 
in the reflector, (2) the difference in focal position, and 
(3) the wider calculated patterns. The gain calculating 
program requires as input the primary illuminator gain 

T h e  hybrid would assure equal power division in two orthogonal 
components with the desired quadrature phase relation for circular 
polarization. 

pattern and phase center while in the reflector. Those 
data are presently obtained by measurements on the feed 
alone. The assumption is made that the feed character- 
istics do not change when the feed is mounted in the 
reflector. 

The two illuminator characteristics are given in Table 1. 
The feed amplitude patterns are rotationally symmetric 
within + O S  dB and the phase patterns are constant 
within +6 deg over the portion of the main beam that 
illuminates the reflector. The ellipticity increases approxi- 
mately linearly off axis to less than 2 dB over the same 
angular region. The hybrid fed feed has a narrower beam- 
width and thus should have greater gain than the cupped 
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Diam, 
in. Feed 

Cupped turnstile 3.5 

Hybrid fed 5.5 

6 

Main beam representation 
in dB as a function of 

angle in radians, 

-3-dB - 1 0-dB Peak Cross-polarized Crosa-polarized 

on axis, dB beamwidth, beamwidth, gain, backlobe level, 

~ / 2 < e ~ ’ ; r  

- 33.88 

+ 9.485 e - 29.482 

deg deg dB dB 

77 159 7.6 -15.5 - 24 G = 3.418 e’ + 23.98 e 

73 144 7.5 -22.0 - 30 G = -1.4198~ + 5.1838~ 

Fig. 3. Eight-rib model erectable reflector 
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Fig. 4. Circular cupped turnstile performance 

turnstile feed. However, the hybrid losses reduce the 
available gain. 

The measured performance of the hybrid fed feed is 
shown in Fig. 5. The ellipticity and VSWR are approxi- 
mately the same in or out of the dish. The changing 
reflected power with focal length, which is cross polar- 
ized, appears in the terminated port of the hybrid, 
whereas Fig. 4a shows that the cupped turnstile VSWR 
and ellipticity are most seriously affected by focal 
position. 

The phase center of the hybrid fed feed was measured 
to be 0.12 in. behind the mouth of the coaxial cavity. The 
focal length for greatest gain in the 6-rib dish was not 
11 in. but measured 10.36 in. 

The discrepancy between the assumed and measured 
best focus was resolved by the illumination weighted 
mean phase technique discussed in Section 11-E. Figure 6 
shows a plot of the illumination weighted mean phase 
error and mean square phase error as a function of focal 
position for the hybrid-fed feed. The calculated best focus 
was 10.47 in., which agrees with the measured 10.36 in. 
within experimental error. 

However, for the cupped turnstile, the similar calcu- 
lated best focus location is 10.44 in. vs the measured 
10.08 in. due to reflector reaction on the feed. 

In order to overcome the effects of the reflector reac- 
tion modifying the feed characteristics in the short (2X) 
focal length dish, the 6-ft diam 8-rib reflector model was 
constructed. The focal length is about 4X for this model. 

IV. Results 

A. Patterns 

Due to reflector reaction on the feed in the short focus 
6-rib dish, the calculated patterns of the hybrid fed feed 
are still wider than the measured patterns as shown in 
Fig. 7. However, the agreement between measured 
(22.87 dB) and calculated (23.21 dB) peak gain is satis- 
factory, especially since the calculated gain is based upon 
a measurement of the low-gain feed peak gain (7.5 dB 
relative to circular isotropic). The gains are plotted on an 
absolute scale in Fig. 7. The calculated pattern does not 
account for any blockage by the hybrid fed feed or the 
%-in. diam rod, tripod feed support structure. Normally, 
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Fig. 5. Hybrid-fed feed performance 

by not taking blockage into consideration, the calculated 
patterns should be narrower than the measured patterns. 

For the longer focal length reflector, however, the 
agreement between measured and calculated pattern 
shape, peak gain and best focus position is greatly im- 
proved due to the lessened feed characteristic changes 
as shown in Fig. 4b. 

Figure 8 shows the comparison between measured and 
calculated patterns of the 6-ft diam 8-rib dish with the 
column-supported circular cupped turnstile feed. The 
measured peak gain is 29.79 dB and the computer calcu- 
lated peak gain is 30.00 dB. The measured best focus 
position is 22.75 in. and the computer calculated best focus 
position is 22.70 in. 

The actual side lobe structure is expected to be differ- 
ent from the theoretical calculations, due to scattering 
from the feed and its support structure. Also, the pattern 

FEED DISPLACEMENT FROM BEST FOCUS, X 

Fig. 6. Phase errors vs focal position for 
hybrid-fed feed in 6-rib dish 

shape discrepancies are expected to be Iess for erectable 
antennas that better model a paraboloid. The surface cur- 
rent theory upon which the calculations are based contains 
the assumption that the reflecting surface does not have 
radii of curvature small compared to a wavelength. The 
interstices at the gore intersections represent serious de- 
partures from a smooth continuous ~urface.~ Thus, the 
small reflector models provide an unrealistically severe 
test of the pattern calculating program. 

B. Aperture Efficiency 

Based upon the projected area of the 6-rib hexagon, 
the hybrid-fed feed yielded an efficiency of 48.9%. The 
column supported circular cupped turnstile in the same 
reflector yielded an efficiency of 54.0%. 

For the 8-rib octagon shaped aperture, the column sup- 
ported circular cupped turnstile yielded an efficiency of 
54.8%. 

31n fact, there is no dc conductivity between gores due to the dielec- 
tric of the mylar and tape. 
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ANGLE, deg 

Fig. 7. Measured and calculated 6-rib dish patterns 

The above measured overall efficiencies are the results 
of the product of the basic feed efficiency, feed blockage 
factor and the reflector surface efficiency. For the hybrid- 
fed feed for example, the physical blocked area is 4.4% 
of the total aperture area. Assuming that the measured 
gain (22.87 dB) and the calculated no blockage gain 
(23.21 dB) are correct, the blockage loss is 0.34 dB. This 
value is comparable with the minimum loss calculated 
value (0.39 dB) based upon Eq. (4) of Ref. 12. The actual 
blockage loss is expected to be slightly greater due to 
the tapered illumination. 

C. Erectable Surface Loss 

The ideal test to determine the loss of gain caused by 
the approximated parabolic surface would consist of com- 
paring the peak gain of the erectable antenna and a true 
parabolic antenna using the same feed. Since a parabolic 
antenna was not available for measurement, a short com- 
puter program (shown in Appendix B) was written to 

calculate the on-axis gain of a perfect paraboIoid using 
the surface current integration technique. 

The program formulation is considerably simplSed for 
a rotationally symmetric surface and the on-axis gain only. 
Figure 9 shows the illuminator aperture efficiency as a 
function of the paraboloid focal length to diameter ratio 
for both the circular cupped turnstile feed and the hybrid 
fed feed. 

Based upon calculations using the hybrid-fed feed in 
the 6-rib dish the no blockage, peak gain of the erectable 
surface is 23.21 dB. The no-blockage gain of a perfect 
paraboloid of the same (10.36 in.)) focal length using the 
same feed pattern and a diameter (32.7 in.) to yield an 
equal projected aperture area is 23.67 dB. The calculated 
surface loss is the difference of the two gains which is 
0.46 dB. The calculated surface loss for the &rib reflector 
is 0.86 dB. 
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Fig. 8. Measured and  calculated 8-rib dish patterns 
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The surface loss is a function of the combination of 
both the primary illumination as well as the reflector con- 
figuration. Large deformations that are not strongly illu- 
minated do not contribute greatly to gain loss. 

From the best focus location program for the bybrid-fed 
feed in the 6-rib dish, the illumination weighted mean- 
square phase error is 0.325 rad2 and the non-weighted 
peak error is 1.7 rad. The relation (Ref. 11) that the frac- 
tional loss of gain is equal to the weighted mean-square 
phase error evidently does not hold for the large deforma- 
tions present in the 6-rib erectable model. The low surface 
loss value is surprising in view of the large phase errors. 

F/D RATIO For the cupped turnstile €eed in the 8-rib model the 
weighted mean-square phase error is 0.314 rad2 and the 
non-weighted peak phase error is 1.8 rad. 

Fig. 9. Illuminator aperture efficiency in a 
perfect paraboloid 
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Based upon previous theoretical calculations (Ref. 13), 
which did not include provisions for relocating the focus 
for best gain, a more realistic expression for surface effi- 
ciency is given by 

(7) 

where rlS is defined as the ratio of the peak gain of an 
equal aperture area radial ribbed reflector to a perfect 
paraboloid when both are illuminated by the same feed, 
DX is the diameter along a rib in wavelengths, and n is 
the number of ribs. K is a constant for a given type feed 
pattern as previously mentioned: for the hybrid fed feed, 
K = 1.68; for the cupped turnstile, K = 2.0. 

The formula is not exact but should be satisfactory for 
initial design optimization studies wherein it is desired to 
optimize the spacecraft antenna gain to weight ratio. 

V. Conclusions and Recommendations 
The mathematical formulation required to calculate the 

circularly polarized secondary patterns of an erectable 

antenna surface have been developed. However, improve- 
ments in programming such as incorporating Ludwig’s 
integration scheme and providing for generalized surface 
boundaries are needed. The existing program is structured 
to handle only one type erectable surface, the radial para- 
bolic rib reflector with singly curved gores. Provisions 
are made, however, for varying the number of ribs, the 
focus position, the diameter, and the rib F/D ratio. 

A method of determining the theoretical focus position 
for greatest gain with a given feed pattern and reflecting 
surface has been developed. In short (2x) focal length 
reflectors, the method is limited in practice by reflector 
reaction on the feed. Additional study of reflector reaction 
on feeds is needed. 

An improved expression (Eq. 7) for the surface loss due 
to approximating a parabolic reflector by the theoretical 
radial rib technique was obtained. In practice, fabric type 
reflective material will probably be used instead of the 
aluminized mylar. The resulting upholstery effect will 
produce a different surface. Surface equations need to be 
derived for this condition and other types of erectable 
antennas under free space conditions. 
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Appendix A 

Equations 

The following equations were derived in the course of 
the study. All equations are based upon the coordinate 
system of Fig. 1. 

(1) Surface-position vector magnitude for radial ribbed 
reflector gore with displaced focus, F'. 

-2F'sec e 

(A-1) 
I' [ cos2 (;) tan2 8 

F' 'OS2 (; - 4) 
1+ 1+F 

P ( 8 , d  = 

n = number of ribs 

F = parabolic rib focal length 

F' = axially displaced focal length, F' < F 

(2) Rib edge angle calculated from displaced focus. 

0.5 

(5)- 16(F/D) 
8E = x - tan-' 1 ( A 4  

(3) Gore center line edge angle. 

cos (;) 
e E P  = T - tan-' (A-3) 

(4) Reffector edge boundary angle $s, measured from 
gore center line as a function of e. 

cos (.E) n 
4s ( 8 )  = cos-' [(g) - 16(F/D)  tan(,-^) 

(5) Reflector edge boundary angle eEP as a function 
of +. 

-cos (;) 
1 ]cos(; - 4 )  

O E p ( + )  = tan-l 

[ (g) - 16 ( F / D )  

(6) Parabolic rib arc length from vertex to 0 = 3~/4, 
and 0 measured from displaced focus. 

Let 

x = 2 F [ ( 1 +  5)' - 11 

x (  x2 )" ["  ( x 2  )"] S I s 5 = -  -+1  + F l n  -+ - + f l  2 4FZ 2F 4F2 

(A-7) 

(7) Axial deviation of gore centerline from rib parabola 
at reflector edge. 

D sin2 (i) 
= 16 ( F / D )  (A-8) 

(8) Focal length for equivalent cylindrical parabola of 
gore section. 

F ,  = F cos2 (t) 
(9) Gore panel layout pattern (see Fig. A-1). 

64-9) 

Define 

D 
2 T = C Y T ~ ~ ,  0 4 CY 4 1, T,, = -cos  (i) (A-10) 

(A-5) 

12 

Fig. A-1. Gore panel layout pattern 
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( r  secz (t) + {[ secz ( ~ ) ]  )>” In r2 + 1 
F + 

secz (i) 2F 2F 

(A-11) 

Y (r) = r tan (-$ (A-12) 

To derive the equation of the gore surface refer to 
Fig. A-2. The same z-height or elevation of the surface 
with respect to the x-y plane may be obtained by either 

z = p c o s e  (A-13) 

or 

Y 

FLEXIBLE REFLECTING 
MATERIAL PULLED 
BETWEEN RIBS TO FORM 
REFLECTOR SURFACE 

Fig. A-2. Gore geometry of a gored surface z = r cos e’, r = Irll = ( r z (  (A-14) 

A connective relation between 0 and 0‘ is given by the Equating Eqs. (A-13) and (A-14) and solving for p yields triple scalar product 

P ‘rl x rz (A-16) 

wherein the cross product of rl and rz defines the normal 
vector to the plane containing rl and rz. Since p also lies 
in this plane, by definition of the surface, then 

cos 4’ 
p = r -  (A-15) cos e 

Thus, the magnitude of the surface position vector at 
angle e is equal to the magnitude of the rib position 
vector at angle 8‘ times the ratio of the cosines of 8‘ and e. per, x rz=O (A-17) 

With reference to Fig. A-2, substituting 

p = p (sin 0 cos (pi + sin 6’ sin +j + cos Ok) (A-18) 

rl = r (sin 0’ cos (p,i + sin @sin +,.j + cos e’k) 

and 

rz = r [sin e’ cos (+, + a) i + sin #sin (+,. + a) j + cos d’k] 

into Eq. (A-17) yields 

(A-19) 

(A-20) 

sine cos 0’ [sin(+, - +) + sin(+ - +, - a)] + sine’cos e sin@ = 0 (A-2 1) 

where 
functions of s, the arc length along the rib curve. 

is the gore angular width and + is the general azimuth angle between +, and +, + a. 8’ and 4, are, in general, 
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From Eq. (A-21) 

Using 

or 

from which 

or 

with 

sin(+ - +,.) +sin(@ + 9,. - +) 
sin @ 

tan 0‘ = tan e 

cos 8’ = t (1 + tan2 e’)-% 

sin(+ - +,.) + sin(@ + +,. - +) 
sin 4, 

sin(+ - +,.) + sin(@ + 4,. - +) -% TI - = { cos2 e + sin2 0 [ Sin @ 
COS e‘ 
cos e 

cos e’ - = (cos2 8 + m2 sin2 e>.lh 
COS e 

sin(+ - +,.) +sin(@ + +,. - +) 
sin @ 

m =  = sec @/2 cos (+p. + @/2 - +) 

Thus, Eq. (A-15) becomes in vector form 

(A-22) 

(A-23) 

(A-24) 

(A-25) 

(A-26) 

(A-27) 

(A-28) 

For the radial ribbed reflectors considered at present, most of the rib curves are monotonic functions of 0’. That is, the 
rib curve position vector magnitude is a single valued function of 0’. With these restrictions, the magnitude of the rib 
curve position vector I r (s) I may be given as a function of e’, rather than as a function of arc length s, along the rib 
curve. Then, by use of Eq. (A-24), the rib curve position vector may be obtained in terms of 0. 

Eq. (A-28), with the value of m substituted, becomes 

p ( O , + )  = r (e’) [cos2 e + sin2 e sec2 @/2c0s2 + @/2 - i, 

with +1 = +,., a constant for radial ribs. 

For example, the polar equation of a parabolic rib is given by 

2F 
1 - cose r (e )  = 

(A-29) 

(A-30) 

where F is the focal length measured from the origin of coordinates of Fig. A-2 in the -2 direction. 9 is measured from 
the +Z axis. 
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Using Eq. (A-24), 

and substituting Eq. (A-31) in Eq. (A-29) yields 

(A-31) 

(A-32) 

as the surface position vector equation for the gore of a reflector whose ribs are pureIy radial and have a parabolic 
section. 

Similarly, as further examples, for the straight rib shown in Fig. A-3 

F t a n p  
sin B - cos 8 tan p ‘ ( e )  = 

and 

For the circular rib of radius a, shown in Fig. A-4 

‘ ( 0 )  = (a - F)cosB + [a2 - (a - F)2sin28]W 

and 

- (a - F) + (sec2 @/2 cos2 (+1 + @/2 - cp) tan2 B [a2 - (a - F)?] + a2)’h 
cos e [1+ sec2 @/2 cos2 (+1 + @/2 - +) tan2 B ]  i, P (8, +I = 

The surface current vector (Eq. 74C of Ref. 1) is 

X exp [ - - j k ( p  - p*R,)] dS (A-37) 

Fig. A-3. The straight-rib geometry 

where 

(A-35) 

(A-36) 

GL (e,+) = left-hand circularly polarized (LHCP) gain 
function of the illuminator 

p1 = ip = unit vector in the direction of increasing p 

t RIB 

Fig. A-4. The circular-rib geometry 
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Similarly, for the e,+ directions, the unit vectors are i e  
and i$. 

The magnitude of the surface position vector in terms 
of 0 and + is p = p (e,,+), and k = 2r/A. The surface 
position vector is 

P = P ( b r p ) i P  (A-38) 

The unit surface normal is 

(A-39) 

The element of surface area is 

dS = (EG - F2)S de drp (A-40) 
where 

Equations (39-41) are obtained from differential geometry 
(Ref. 3), and the common radical term which will cancel 
out arises from the first fundamental form for a surface. 

The unit vector defining the polarization of the illumi- 
nator electric field directed toward the reflector is given 
in terms of a unit LHCP vector (Ref. 5) as 

The vector partial derivatives encountered in meeting 
requirement 2 are 

- = p - ai, + 2 a i, = p sin e i+ + - aP i, (A-43) a+ a+ a+ a+ 
and 

_ -  ap ai, ap . a P  
ae ae ae - p - + - ~ , = p i ~ + - i ,  ae (A-44) 

The indicated vector operations of Eq. (A-37) may be 
expanded as 

The unit vector in the far field or R direction is given 
in terms of the unit Cartesian coordinate vectors as 

R, = sin 0 cos @ i, + sin 0 sin @ i, + cos 0 i, (A-46) 

with 

if =sinBcos+i,+sinOsin+i,+cos6'i, (A-47) 

The phase term of Eq. (A-37) becomes 

( p  - p*R,) = p ( 1  -if *R,) 

= p [l- sine sinocos (4, - +) -cos e cos01 

(A-W 

Thus, for LHCP illumination incident upon the reflector, the surface current vector (Eq. A-37) becomes 

~ e x p { - j ~ p [ l - s i n ~ s i n ~ c o s ( @ - + ) - c o s ~ c o s ~ ]  27r (A-49) 

To obtain an integral of only the portion of the surface current that contributes to the RHCP far field in the (0, @) 
direction, dot Eq. (A-49) above with the complex conjugate of the RHCP far field polarization vector; namely, 

[sin e cos o cos (@ - +) - cos e sin 01 if 
pp = 2-45 exp - i@ [cos e cos o cos (@ - +) + sin 0 sin 01 ie + j 

[ - sin 8 sin (a - +)I if 
[- cosesin(@ - +)lie 

[cos o sin (0 - +)] i+ [cos (@ - #)I i+ 

f o r O l @  <T, any @ (A-50) 
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which yields 

+-sin~cos@cos(aJ-+)  a f  -sinesin(*-+) 
ae 

X [$ sine + p (cos 8 - sinocos (@ - +) - cos ecoso] 

(A-51) 

The total RHCP gain in the (@,+) direction is obtained by adding the surface current scattered radiation to the 
direct feed RHCP radiation in the desired direction: 

G R  = I [ G R  (0, a)]' - [ Q.E.D. (A-52) 
h 
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Appendix B 
Corn pu ter Programs 

1. Pattern Calculating Program 
The program comment cards generally make the programs self explanatory. However, in Program I, the mathe- 

matical development for the surface current integrand expression [FTP (N) = Amplitude, PTP (N) = Phase, in the 
program] is given in the appendix extracted from JPL Space Programs Summary (SPS) 37-47, Vol. 111. The surface 
equation [R(I, J) in the program] developed for a displaced focus (Equation 1, Appendix A of this report) follows 
the derivation given in Appendix A which was extracted from SPS 37-35, Vol. IV. 

The printing of SS1 and SS2 in statement number 89 represents the cumulative sum of the real and imaginary part 
of the surface current contribution of the reflector gores to the total pattern. This printing can be omitted to save time 
if desired by removing the write and format cards. 
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JPL,  J 3 5 8 C C G 1 3 3 9 1 6 - 0 1 1 O 4 1 6  ,A I C  IBJGB LlC'MKC 7n94 A 
HARDY - FFN SOURCE STATEPENT - IFFU(S1 - 

. ___ C I G A I N  R A D I A L  R IBBED,  A X I A L  FOCUS DISPLACEMENT RMD 014 
C USING APPROXIMATE EQUAL A R t A  P C I N T S  O N  SURFbCE 
C D I A = R I B  '[!IAMETER If4 WAVELENGTHS 
C SHAPE=RIB  F / @  K A T I O  
C RIBS=NUMBtR O F  P I H S  I S R  G O V E 5  
c ZA=FOCUS OISPLACkMENT TUWARO VFRTL-X I N  HAVFLENGTHS 
C T C 1 =UU TPUT A&GUL AP, I iLCR EM ENT- T i  IF TA 
C PC I=OIITPIJT ANGULAR I P J C ? E M ~ ~ ~ T - P ) I I  
C MTC=NUMOER OF THETA GUTPIITS 
C NPC=NIIMBER OF P H I  OUTPUTS 
c NT=NVMBkR OF R A n I A t  SURFACE n I V I S I U N S  
C P K = ? A T I O  OF THETA TO P H I  ARC LCNbTH 1NCREi.lENTS 
C FR=FFED P A T l E R Y  G A I N  I N  1% 

99 READ I 5  9 1 I D1 A ,  SHAP E t  R I B S  9 24 1 
_____ 1 FORMAT (4t 10.2) 

READ I 5 t 2 1 T C I p PC I h.TC, N PC L 
2 FORMAT ( 2 F L n .  29 2 1  L I 

READ (5 93 I PK, NT 
FURMAT ( l F 1 0 . 2 , l  I 7  ) 
WK I T  E ( 6 '1 8 1 D I A I SI I AP C I I' I t5 S * L A  

5 

7 
3 
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J P L  ~J3581?O@i33916-0,18416tA I C  I D J O B  L l O M K C  7094 A 
HARDY - EFN SOURCE STCTEMENT - I F N ( S )  - 

l B I ) / ( A T 2 ) 1 + 3 . 1 4 1 5 9  
C GENERATE EQUAL SPACED SUR R A D I A L  IVCREMENTS 

DO 6 I = 2 , N T 2 * 2  
6 T ( I )%T ( 1-1 )+0.5*( T i  I+1 ) - T (  1-11 ) 

t APPROXIMATE E Q U I A R E A  P H I  GENERATOR ROUTINE 
C SURFACE POSITInPJ VECTOR MAGNITUDES ALOIJG A R I B  
C FOR P H I  ARC LCYGTH 

NT3=,NT2+ 1 
DO 7 I x l t N T 3  

F R ( 1 ) = - 3 , 4 1 R * T ( I ) * T (  1 ) + 2 3 . 9 8 * T ( I ) - 3 3 . 8 8  
C IRCUPTNX W/COLUMN F E E U  PATTFRN I N  DD V S )  Q A D I A N S  CONE ANGLE 

7 0 R I I , l ) = ( - Z . * F P / C O S ( T  ( I ) )  ) / ( l . + S Q K T ( l . + ( F P / F D C ~ * T A N ( T ( I  ) ) * T A N ( T ( I  
1 ) ) ) )  

C NUMBER OF P H I  INCREMENTS IN GORE WIDTH 
C AS A F U N C T I O N  OF THFTA = K P ( 1 )  54 

PH=3 .1415Y/R  16s 
ANT=tNT 
TEM=.3.14159-ATANZ ( C O S (  PI1 1 v Z.* fZ  ) 

C. EXCLUDING P H I  GAPS AT K E f L E C T U K  EDGE 63 
DO 8 I = l t N T 2  
I F ( T  ( I ) - T E M ) 9 t  10,l.C 

9 P W A R C O S  ( C O S ( P t i ) / ( Z . * F Z b T A H (  3 . 1 4 1 5 9 - T (  I )  1 )  1 7 1  
12 AP=( ( P H ) - P R ) * R (  1, l ) * S I i J ( T I  I )  ) * A N T f O K / S A (  1 )  77 

I P = A P + l .  
M K = ( Z * I P ) + l  
MP( I ) = 2 * M K  

A J = J  
AMK=,MK 

JK=J+MK 

00 1 4  J = l r M K  

P ( 1 7  J ) =  ( A J-1.) * I  ( PH 1 -!‘F:) / (  AMK- 1.) 

14 P( I + J K ) = (  PI.I)+PB+P (1, J 1 
GO T O  n 

10 AP=R( I t 1  ) + S I N ( T  ( I 1 ) *  ( 7.*Pti  )*ANT*.PK/SA( 1 ) 
I P=AP+ 1. 
M P ( 1  I=(Z*IP)+l 
M K = M P I I )  

92. 

DO 1 5  J = l r M K  - 
AMK=.EEK 

DO 1 6  I=Z,NTZ 
MK=MP( 1 
C T = 1  ./COS ( T  ( 1 ) 1 
T T = T A N ( T  ( I ) 1 

1 1 2  
1 1 4  
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J P L  9 J 3 5 0 0 0 0 ~ 3 3 9 1 b - G ~ l 9 4 1 6 ~ A  I C  I B J G B  L l O M K G  7094 A 
HARDY - E F N  SOURCE STATEMFNT - I F N t S )  - 

16 CONTINUE 
MP I N T 3  )=3  
DO 1 6 5  J z l . 3  
R (  N T 3 r  J ) = F P  
DRTL N T 3 r  J )=Q 

165 D R P ( N T 3 r J I = O .  
C SURFACE CURREXT INTEGRAND CALCI ICATING R O U T I N E  
C I N I T I A L I 7 E :  OUTPUT ANGLE C A L C U L A T I O k  LOOPS 

I I = l  
24 LL=1 

C C A L C U L A T t  II\ITE"VAIUD 
A I = I  I 

25 A L = L L  
PC= f A I  *PC I-PC I 1 * €  

T C = ( A L * T C I - T C I ) * €  
C = C o s (  T C )  143 
D=S I NI TC 1 1 4 4  
s 5 1 =.o . 
s s 2=,0. 

DO 17 KK = l t I R I R S  
C INTEGKAT; SURFSCE CURRFUT OVF? A L L  G O R t S  

A K  K =. K K 
PG=2.+PH*(AKK- l . )  
W 4 I T E ( 6 r 0 9 ) S S i 9 S S 2  i 4 e  

89 F O R N A T ( 6 H  S S 1  = 9 F 1 0 . 3 r i X t h H  S S 2  =tF10.3) 
00 18 L = l r 3  
s ( L, 1) =o . 

18 S ( L , 2 ) = 0 .  
C t M T t t i R 4 T F  ALL T t i E r A  K A I > I I  

DO 17 K=lc.i\lT2t2 
DO 60 L = 2 9 3  
I=L+ K - 1  
A = C O S I T ( I ) )  16C 
! j = b I N I  I I I J I 

C I N T E G 8 4 T E  OVER P H I  FOR E 4 C l l  T i l E T 4  1 6 2  
29 M K = M P ( I )  

AMI(= CK 

5 6  MK=MP( I ) - 3  
I F ( T E M - T ( 1 ) ) 3 3 ~ 3 3 r > 6  

3 3  DO 60 M = l r f ; K . 2  
A M = M  
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J P L  , J 35813 00 , 33 9 1 6-0 , 1 R4 16 A IC I B J O B  L l O M K C  7 0 9 4  A 
HARDY - E F N  SOURCF STATEMENT - IFtrr (S)  - 

I F ( X ) 1 7 6 * 1 7 5 ~ 1 7 6  
175 X=.OOOGCl 
176 Y=(DRP(I, J)*IB*C+C-A*G) 1-1 ( B * H ) * : ( ~ * D P . T (  I ,.I ) + ( A - r ,  ) * R (  I ,  J) 1 

FTP(N)=SQRT(X*X+Y *Y l *0 .5*EXP(  C . l 1 5 * F K (  I ) ) 1 9 5  
SOOPTPl  N)=ATANZ(Y,X ) - ( 6 . 2 8 3 1 R * R (  1 ,  J I * (  l.-(B*U*G)-(A*C ) 1 ) - ( P G + P (  I T  J )  1 

FAC=.FTP ( 1 I *COS ( P T P l 1 )  1 2c 4 
F A S = F T P (  1) *S  IN( PT P i  1 1 1 21c. 
FBC=FTP(  2 1 *COS ( P T P (  2 1 1 21; 
FBS=,FTP ( 2 1 * S  I N (  PT Pi 2 1 1 212 
F C C = F T P I  3 ) *COS( P I P (  3 1 ) 213 
FCS=FTP(  3 )  * S I N (  PT P (  3 ) 2 1 4  
S (L, 1)=S ( L, 1 )+I ( P  ( 192 f /3. I * (  FAC+4.*,FEC.+TCC 

60 S (Lp2  I = S  I L, 2 ) + I  ( P  ( 1, 2 1 I 3  * I * (  FAS+4.*FRS+FCS ) 1 

S S l = , S S l + (  ( ( T I  1 ) - T  ( 1 - 1 )  ) / 3 .  I * (  S (  1 9 1  ) + 4 . + 5 ( 2 r l ) + 5 (  3 ~ 1 )  ) 1 
C SIMPSONS 1 / 3  I*JTEGRATlI114 I N  Tt lETA 

61 

S(l,l)=S(J,l) 
s ( 1,42)=S ( 3,2 f 
S ( Z . l ) = G .  
S(2,2)=C. 
S ( 3 1  1 )=O - 

17 S(3r2)=9. 

- 

C R E L A T I V E  P H A S r  O F  PATTE'tIV W I T H  RESPECT TI1 FEED PCIINT 
PHAS €=AT AN2 ( S S Z / S  S 1 )  / E  

C G A l  N W I T  t NO b L 0 C K A G r  0'7 RACKLRRE COYT'! 181 1 I O N  233 
D B G A I N = ~ u . * A L ~ G ~ O ( S S ~ ~ ~ S ~ + S S Z )  7 3 4  
P H I  =. PC/ E 
THE T A=TC/ C 
IJR I T E ( 6 9 8 7 I THETA t PH 1 9 OaGA f I\ ? kl AS E 235 

87f fFORMAT(8H THETA = , F 1 ( , . 3 , 2 X , h t l  Pt i I  =,F1< m 3 , 2 X v ' J H  C B G P I ' V  = r F l ( ' . 3 r  
1 R H  PHASE = r F l C . 3 )  

LL=LL+l  
I F ( N T C - L L  126, 257 2 5  

26 I I = I I + l  
I F I N P C - I 1 ) 2 7 , 2 4 , 2 4  

2 7  GO TO 99 - 
END 
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I I .  Illumination Weighted Average Phase Deviation and rms, Phase Error vs Focus Displacement 
In Program 11, the third from last statement causes the program to increment the focus displacement axially toward 

the vertex from the original displacement ZA in %-wavelength increments. The program gives as output not only the 
illumination weighted (WTDELA, WTSMSQ) average and rms phase deviations, but also their unweighted (DELAVE, 
RMSDEL) values. The maximum phase deviation (DELMAX) is also calculated for the particular focus displace- 
ment, ZA. 

CALCULATED FOCAL P O S I T I O N  FOR ZERO AVERAGE PHASE D E V I A T I O N  OVER APERTURE 
C S I N G  RANDOM S A M P L I N G  OF SURFACE RMD 016 
C 1 6 2 0  PROGRAM 
C R I B S  = NUMBER OF R I B S  
C D I A  = R I B  DIAMETER I N  WAVELENGTHS 

C ZA = FOCUS DISPLACEMENT TOWARD VERTEX I N  WAVELENGTHS 
C N P  = NUMBER OF RANDOM SAMPLE P O I N T S  

C SHAPE = R I B  FOCAL LENGTH T O  D I A M E T E R  R A T I O ,  F / D  

READ 1 , R I B S t D I A q S H A P E  
1 FORMAT ( 3 F 1 0 . 3 )  

11 READ Z t Z A t N P  
2 FORMAT ( 1 F 10 3 9 1 I 3 ) 

C R I B  EDGE ANGLE CALCULATED FROM D I S P L A C E D  FOCUS, F P  
P I = 3 . 1 4 4 5 9  

4 F P = ( D I A * S H A P E ) - Z A  
F Z =  ( F P / D I A  ) - (  1 / (16. +SHAPE) ) 
T E = P I - A T A N F  ( .5 /FZ)  
FOC=OI  A*SHAPE 
SUMDEL=O.O 
D ELMOS =O . 0 
DELA=O. 0 
WTDEL=O.O 
WTSSM=O.O 

X=58.3902 
COMMON X 

5 K = l  

CENERATE RANDOM THETA VALUE AND S C A L E  TO F I T  REFLECTOR 
6 C A L L  RANDOM(1)  

QNR=I  
T=TE+(  ( Q N R / 9 9 9 9 .  ) + ( P I - T E )  1 

CENERATE RANDOM P H I  VALUE 
C A L L  RANDOM I I )  
Q N L = I  
P= ( Q N L / 9 9 9 9 .  )::2. ::PI 
L = P * R I B S / ( Z . % c P I )  
AL=L 
P L = (  2 . *PI  ) > x A L / R I B S  
P A L = P L - P + ( P I / R I B S )  

T B = P I - A T A N F  ( (COSF ( P  I / R I B S )  ) / (  Z.+FZ:XOSF( P A L  1 )  1 
I F  (T-TB ) 6 766 9 66 
R = ( - 2. +F P / CO S F ( T 1 

CEDGE T R I M  CHECK 

6 6 / ( 1. + S QR T F ( 1. + ( F P/ F OC * S  I N F ( T 1 * S I N F ( T 1 
14COSF ( P A L ) * C O S F  ( P A L )  / ( C O S F (  T ) W O S F ( T  )*COSF ( P I / R I B S  )::COSF ( P I  / 
Z R I B S ) ) ) )  

D E L = ( Z . * P 1 1 * ( ( 2 . ~ ~ F P ) - ( R + ( l . - C O S F ( T 1 ) ) )  
CFEED I L L U M I N A T I O N  W E I G H T I N G  FACTOR, F T  
C I R C U P T N X  W /  COLUMN FEED 

F T =  ( F P / R ) + E X P F  ( 1 1 5 * (  7.6-(-3.418*T*T+23.98*T-33 -88  1 )  f 
A B D E L = A B S F ( D E L )  
I F ( D E L  MO S- A B D E L  1 88 , 8 9 9 8 9 

88 DELMOS=ABDEL 
D ELMAX =DEL 

8 9  SODEL=DEL*DEL 
DELA=DELA+DEL 
SUMDEL=SUMDEL+SQDEL 

W T D E L  = WT D E L+ ( F T* D E L  1 
WTSSM=WTSSM+(FT*SQDEL ) 
K = K + 1  
Q=NP-K 
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I F ( Q ) 7 ~ 6 r 6  
7 AUT=NP 

WTSMSQ=SQRTFIWTSSM/AUT) 
W T  D EL A=W TD E L /  A UT 
RMSDEL=SQRTF (SUMDEL/AUT)  
DEL AVE=DELA/AUT 
P R I N T  3 + R I B S ,  D I  A T  SHAPE T Z A T  NP 

3 FORMAT ( 7 H  R I B S  = ~ F 1 0 . 3 ~ 2 X , b H  D I A  = ~ F 1 0 . 3 , 2 X ~ 6 H  F / D  = T F ~ O . ~ T Z X , ~ H  Z 
1 A  = ,F10.3 ,2Xy5H NP = , I 4 1  

P R I N T  ~ v R M S D E L T D E L A V E  

P R I N T  45,DELMAX 

P R I N T  ~ ~ T F P ~ W T D E L A T W T S M S R  

8 FDRMATL9H RMSDEL = , F 6 * 4 T 2 X 7 9 H  DELAVE = ~ F 6 * 4 )  

4 5  FORMAT ( 9H  DELMAX= T F  10 - 3 )  

21 FORMAT(5H F P  = T F 1 0 . 3 r 2 X , 2 8 H  MEIGHTED MEAN PHASE ERROR =,Fl0.3,2X,Z 
1 9 H  WEIGHTED MEAN-SQUARE ERROR = ,F10 .3 )  

ZA=ZA+O .125 
GO TO 4 
END 
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111. Feed Illumination Efficiency in Perfect Paraboloid 
In Program 111, the reflector diameter should be the diameter of a circular outline reflector that has the same aper- 

ture area as the erectable reflector when it is desired to use the program in the process of determining surface loss of 
an erectable reflector. The corresponding focal length to be used in inputting the shape or F/D ratio should be the 
best focal length determined from Program 11. The third from last statement increments the F/D ratio in steps of 0.05. 

CFEED E F F I C I E N C Y  I N  PERFECT PARABOLOID B Y  SURFACE CURRENT I N T E G R A T I O N  
C 1 6 2 0  PROGRAM RMD 017 
C D I A  = REFLECTOR DIAMETER I N  WAVELENGTHS 
C SHAPE = FOCAL LENGTH TO DIAMETER R A T I O ;  F / D  
C A I  - R FEED PATTERN I N  DB AS A F U N C T I O N  E D  C U B I C  C O E I - t I C I  ENT (FO 
C ( O F  CONE ANGLE I N  R A D I A N S )  
C B I  = FEED QUADRATIC C O E F F I C I E N T  
C C I  = F E E D  L I N E A R  C O E F F I C I E N T  
C 01 = FEED CONSTANT TERM 
C NT = NUMBER OF ANGULAR INCREMENTS (ODD NUMBER R E Q U I R E D )  

D I M E N S I O N  X ( 3 1  

1 . ?  

2 kORMAT(4t -10 .31  

READ 1 , D I A i S H A P E v N T  

READ 2 , A I  T B I  T C I  t D I  

86 S=O.  
DO 4 I = l r 3  

P I  e3 14 139 
E=P I / 180 
ANT =N I - 1 

4 X ( I ) = O .  

CEDGE ANGLE OF REFLECTOR 
t - ( . 5 / 1 S H A P t  - ( l . / ( l 6 . * S H A k ' t ) ) ) )  - - 

NET=NT-2 
X A L C U L A I  t I N 1  G R A N D  VALUES 

DO 8 L = l r N E T , 2  
DO 7 M-2.3 - 
I = L+M- 1 
A B = I  
T = P I - (  ( T E / A N T ) * ( A B - l .  1 )  
Y=AI *T*T*T  +( B I + T * T )  + ( C I * T ) + D I  

7 X I M ) = Y Y * ( S I N F ( T ) / ( l . - C O S F ( T ) ) )  
YY=EXPF(O. l15*Y)  

CPERFORM SIMPSDNS 1 /3  I N T E G R A T I O N  
S=S+ ( ( 1 t/ ( 3 . * A N T ) ) * ( X ( 1 ) + 4 . * X ( Z ) + X ( 3 ) ) )  
X ( l ) = X ( 3 )  
x ( 2 1  =u. 

8 X ( 3 ) t O .  
t A L C U L A i t D  G A I N  = G A I N  

G A I N = (  4,*PI*DI  A*SHAPE*S 1 **2 

GUN1 = ( P  I * O I  A 1 **2 
L t i A l N  W l l H  U N I m  IL-ION 

L t - t t U  l L L U M l N A l l U N  t t - t - I L l t N L Y  5 t l A I - U  
E T A F D = G A I N / G U N I  - - *LO~(L;AINJ 
G U D B = 4 * 3 4 * L O G F ( G U N I )  
IEP=TRt 

5 n r r r ; R A l l 6 H  D I A  
P R I N T  3 r D I A 9  SHAPE, NT 

P R I N T  l l r T E P  

P R I N T  9rETAFD,GFDB,GUDB 

- = ~ t -  10 0 5 9  LXI 6H t -I  D = r t l O * 5 r L X , 5 H  NT -, 1 4 1  

11 k U K H A I  ( 2 3 H  R t t L t C T U F l  EDGE ArJGLt  = , t - l O . J )  

9 FORMAT48H E T A F D  = , F 1 0 * 3 , 2 X ~ 7 H  GFDB =rF10.3,2X,7H GUDB =,F10.3) 
SHAPE= SHAP E+ -05 
GO TO 86 
END 
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