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ABSTRACT

This report covers the studies made of the ﬁF-performance of large reflector
antenna systems (100 meters) when using the high efficiency dual shaped
reflector appraacﬁ. The JPL Shaping Program has been updated to obtéin more
accurate results and to permit the shaping calculations of very large systems.
A new technique waé added.to also imprcve.biockage.efficiency and a new program
was prepared which altered phasé so that the scattered field froﬁ a shaped

surface could be used in the JPL efficiency program.

A new_dual band (X-S) microwave feed ﬁorn is used in the shaping calculations.
A great many shaping calculations were made for various horn sizes and locations
and final RF efficiencies aré reported. A conclusion is reached that when using
tﬁe new dual band horn, shaping.should probably be performed using the pattern

"0f the lower frequency.
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1.0 INTRODUCTION

This report presents detailed results of a study to define
microwave performance of a very large aperture system, 100 meters
in diamecrer, operated at X- and S-bands with a common aperture feedhorn.
Bacause ii is cost effective, the maximum possible aperture efficiency
(effective collecting area) is sought, especially at X-band for the
future DSN high rate telemetry requirements. While seeking maximum
efficiency, the related rear spillover, which contributes to system
neise temperature, must be, and is, carefully considered.

In related studies, an overall microwave aperture efficiency of
75% at X-band appeared feasible, 75% includes the RF optics efficiency,
which is addressed in this report and is typically 92-94Z, a small term
due to dissipative losses, as well as RF surface tolerance efficiency
and RF blockage (feed support) efficiency. This report will not
consider the dissipative losses nor the latter two factors which are a
function of detailed structural design.

The_first step in achieving high aperture efficiency is to obtain
a uniform illumination across the reflector aperture, for maximum
illuminatioﬁ efficiency, while at the same time maximizing all other
efficienéies, i.e., reducing or nearly eliminating forward spillover
from the cassegrain system and reducing rear spillover, while maintaining
the (gangrally already high) remaining efficiencies of a standard

cassegrain system: feed phase efficiency and cross—polarization eifisicuicy.




The special shaped dual reflector antenna system is the solution
selected to obtain tie very high illumination efficiency. This
technique was developed about 15 years ago and JPL has had a computer
program for obtaining special shaped solutioms for over 10 years [1,2].
Conventional (generally wideband) feedhorn technology is compatible with
this synthesis. The object of this study is to update the dual shaped
reflector program and exercise it for various feed horn and antenna
parameters and various frequencies and obtain practical designs and design

variations which achieve very high overall efficiencies.

.

I R | "



2.0 SUMMARY

2.1 Program updating, When the shaping program was first used

for 100 meter X-band synthesis? some shortcomings hecame evident. The
prbgram_had not before been used on such a large (D/A) reflector and

the calculations of coordinates for the subreflector were mot complete

as a resulﬁ. In this case, subreflector coordinates were not established
all the way to the reflector axis of symmetry and these final points
were determined by extrapolation of data near ﬁhe axis. The result was

a near flat or mirrof—like subreflector in the central regiom with an
ﬁndesirable peak of energy illuminating the primary reflector in its

central region.

The program has been revised and now obtains accurate coordinates

throughout this central region and also at the outer edge.

2,2 An Added Prégram Capability. A facility was added to the shaping
program for obtaining a null in the central regioﬁ éf the illumination |
pattern. One chooses to do this to avoid significant iliumination energy
across that area which is blocked by thé subreflector. Hence the blbckage
efficiency may be greatly increased, bécoming greater than 99% for the
- large dual reflector systems. Additional benefits accrue in the far field;
improved pattern response and reduction of iarge antenna self-multipath,

a consideration in precision ranging and VLBI systems,

2.3 A New Program. A new éomputer program was written for making

phase adjustments to the calculated scattered field from the shaped

- gubreflector. This is neceséary if the scattered pattern is to be used3in_the__.'

- standard JPL efficiéncj calculation program. The scattered field from

the subreflector (quusi—hype:boloid) iliuminates the main reflector
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(guasi-paraboloid). This near~uniform field has a large variation of |
phase, dependent upon reflector size. This variation is "corrected" by é %
the quasi-paraboloeid so that a uniform phase results across the final !
planar aperture of the quasi-paraboleid. 1In the true cassegrain antenna
(the paraboloid/hyperboloid), this phase variation does not occur since 3
geometrical éath lengths are all equal, which is the fundamental cassegrain !
principle. The JPL efficiency calculation program is based upon-the

illumination of a paraboloid, so that exact uniform phase would yield a 1007

phase efficiency. The normal phase variations that result from diffraction
in the physical scattering result in a small reduction of this efficiency.

If the scattered pattern from the quasi-hyperboloid is to be properly

used in this efficiency calculation, then the correction of phase by the
quasi-paraboloid must be included, without destroying the phase variation
or ripple resulping from the physical optics.

The original shaping computer program included an output which
determined theée phase corrections for a scattered pattern. However,
certain program assumptions made were not accurate enough for the large

systems of this study and so this correction could not be used. Therefore,

.o

the true theory.was determined without assumptions and an absclutely accurate
program was prepared; the illumination patterns may now be properly
evaluated.

2.4 An extensive study of shaping, using the various programs
mentioned above, has been made. 4All samples were Qf an 100 meter system

at X-band and S-band. Various sizes of the large dual band X~§ horns

‘were used in'the study and applied in systems with a range of appropriate
main refiectqr F/D ratios. Only the microwave optics efficiencies are

considered; dissipation losses, surface accuracy and feed support blockage i

o



as mentioned are not included in the study. Results will be tabulated
in this report.

In general, central blockage efficiency can be made
higher than 99% for the X-band cases by using the shaping synthesis
with an axial null in the final illumination. Efficiencies are a
bit less at S-band, going to 98.5%. Overall efficiencies of 96% are
available at X-band, but with poorer rear spillover (hence noise) at
‘S-band. When considering both bands, some compromise must be made and
a typically good result would be 94% at X-band with rear spillover
néisé'of only 0.15 k, and on the =ame antenna an S-band efficiency

of 92% with rear spillover noise of 3.0K.
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3.6 THE PROGRAM AND TEST CASES

The following sections will discuss the work performed in
designing various high efficiency 100 weter dual reflector systems.
The shaping program will be described and modifications to it which
were necessary for this study of very large apertures. This will
then be followed by a discussion of a new computer prégram used to
alter phase, a description of feed horns, and samples of near-final
designs.

3.1 The Dual Reflector Shaping Program”

The JPL dual reflector antenna shaping program is the result
of work done prior to 1965. {1,2). The geometry of the problem is
illustrated in figure 3-0. The main refleetor shape is defined in the
cartesian system (x,v), and the subreflector shape is described in the
polar system (r, 8). The geometry is axisymmetric about the optical
axis y. The theory is purely geometrical optics (ray tracing).

Conceptually the working of the program (SHAPER) is as follows:

1. An axisymmetric feed horm pattern is determined and an
axial phase center location chosen. The feed pattern is internally
represented by piecewise linear interpolation tables in 6 both for
intensity,. F(8) and relative phase, $(9).

2. An outer radius, X ox? is chosen for the main reflector
and the reflector outer edge is positioned at x = x s y(xmax) = 0. An

max

innter (termination) radius, x_. >v0, is also chosen.
‘ min .
3. A corresponding outer radius and location for the subreflector

are also chosen, r(}_cmax) and e(xmax)'

*This section and section 3.2 are a result of efforts by L.D. Howard, Programming

Consultant to'JPL SEC. 333. Mr. Howard is presently a member of JPL Section 366.
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4, The starting conditions are now defined and the problem solution
may proceed. The shape of both reflectors will he determined provided we take
X as an independent variable and can write down equations for the three remaining

variables y, r, o as functions of x. For instance,

X
o |
- (a-ii) dx + y(xmax) X 2X me'in

*max
X
dr
- (Hﬁ) dx * r{xpay) nax X =X

max

(la) y(x)

I

(1b)  r(x}

X :’}X 2)(.

max min

(1c)  eox) =

I
I
"
jaRYaN
XKD
L
(=5
>
@
——
=
3
o
>
[

To detarmine the three unknown derivatives there must be auxiliary
conditions (constréints). Refer again to figure 3-0, and note the typical ray
shown finally impinging on the x axis at radius x. The first condition is that
the angle of incidence with the x axis may be chosen as a function of x; it is

-made always perpendicular, thus giving a beam parallel to the y axis.

The second condition is that the length of the ray shown may be

~ chosen as a function of x; the choice is that all internal rays have the same
~Tength as the per1ph¢ra] ray passing thru (r(xmax), a(xmax)), (xmax’ ¥ = 0).
Since all path Tengths across the aperture are equal the system introduces no

phase distortion (at any frequency).

The third condition is that the beam intensity may be chosen as a
functfoh'of X across the aperture. Beam'intensfty is chosen constant to produce

uniform i1Tumination, a condition for optimal antenna efficiency.




The detailed derivation of equations 3-0 subject to these constraints
was given by Williams 1) in 1965. The original JPL SHAPER program did a direct
solution of these coupled equations by numerical integration. Large antenna

design resulted in several modifications to this approach.

Modifications to SHAPER

The total beam intensity is proportional to

’fmax ?(xmax)
I |
(2a) C2 ‘;xdx = ' F(e) sinede
J ;
Xm'in 0
thus
e
(2b) C. = —plm F(e) sinsde
2 2 _ XZ )
X max min ’
0
and

(2¢) szdx = F{e)sinede

or

de _ CZX

(2d) dx ~ Fle)sine

and finally we note that e(x) may be determined from the integral equation

8 X

-

Cz(xz—xzmin)

F (e)sinede = C 5

(2e)

i
!
i

i .
) xm1n

o | xdx =

]

s B




Most of the problems found In the original program were related to the

above equations (2). 02 is a very important constant since it determines the

*
%

correspondence between 8 and x (2d and 2e). 1In the old program, equation (2d) was
numérically integrated by the trapezoidal ruie, with up to 1% error possible. The
resulting problem was that the integration of equations (1) would "use up" intensity
at the wrong rate, éndasfhe solution neared the y axis the éolﬁfion would "blow

up’. In addition equation (2d) is not suitable for integratior near the axis (%o,
80 gives d6/dx -+ o/o). 'Véfy smal.l e-rors in x and 9. near the axis can cause |
de/dx to be undefined (e.g. anywhere between = and o).

The old program "solved" these problems by stopping the integration ]
early (before it blew up) and then extrapolating the solution inwards. This patching

did not show up on small or medium size anteunas because it seldom invoived a region

of more than a square wavelength (at the center) and thus was masked in scattering

studies. On large antennas the "patched" region was many wavelengths in'extent
and showed up as distinct axial anomaly in the scattered field patterns.

In the new version of the program the integral (2b) is done analytically

g

which gives an accurate value for C,. In ddditionm 6(x) is no longer determined

by integration of (2d) but rather from relation (2e). This change not only L

improves the accuracy of 0(x) but also of y(x) and r(x) since the number of
coupled differential equations to be integrated (1) is reduced from 3 to 2.
Lastly, the numerical integrator war replaced with a more accurate and efficient
version in the JPL Library.

" The aéﬁuracy"dftthe reéulting shapés is now fél£ td be on:thé'ordervof
the cumulative rounding érror ofrthe 1108, which for the large antenna problems
.wbuld'be S:io_s'indhESJ 'A'defiﬁitive tésf'df aCCufaCY wbﬁl& be to.reﬁfite the

whole program in double precision, or to run on a longer word length machine

~“(i.e. CDC 6600). To date this has not been done. |
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3.2 A New Program Feature

In the previous two sections we have made explicit mention of a lower
limit to the main reflector radius, X oin® This is the point at which a ray
passing along the v axis from the horn, to (B(xmin) = 0, r(xmin)) on the
subreflector, would strike the main dish. In Williams' original paper (1) and DU

the old version of the program it was assumed thar X would always be zero.

During the rewrite of the program it became obvious that the only

requirement on X . was 0&x . L. x . Non-zero x_. , produce a uniform
min min ~ “max min's
illumination just as before but only for x in the range Xin < ¥ <= X oy’ Tor 3

¥ in the range 0 £ x £ X oin there is a pure geometric shadow. Diffraction
effects modify this somewhat, but this new design wvariable has proved very
useful, as this paper will illustrate. The complete listing of this new
shaping program is given in Appendix A.

3.3 Phase adjustment for efficiency calculation

The scattered pattern from a typical shaped subreflector
(quasi-hyperboloid) has a.monotonically changing phase value, as opposed
to the uniform phase obtained with the scattered pattern from a cassegrain
hyperboloid._ This changing phase is then altered, or "corrected," by the
primary reflector to obtain the required uniform phase front.

A JPL computer program is desiéned to calculate paraboloid antenna
efficiency as functions of the illuminating pattern_[&].. These efficiencies
are (1) spillover effiﬁiency, (2) illumination efficiency, (3) cross
polarization efficiency, (4) blockage efficiency (S) mode efficiency, and
(6) phase efficiency. For the paraboloid, a uniform phase is required for

100% phase efficiency since the parabola simply alters the incident spherical

phase pattern to produce a uniform phased aperture. The small phase

[ e S TR
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variations resulting from the diffraction by the subreflector results in phase
efficiencies slightly below 100%Z. In the case mEthedualshaﬁed reflector syst.w,
all the abcve efficiencies calculate the same when usingtﬁuaefficiéﬁcy program
except the phase efficiency. For thiseffirioancy, a geometricalphésecorrection
must bé used to alter the inecident pa’:ern just.as the quasi-paraboloid does,

- without altering the normal diffraction phase ripple. In this case then a proper
phase efficie'n.cy is obtained uSing the standard JPL paraboloid effiriency program.

The original shaping program provided geometrical path lengths apd

.phasé values to ﬁerform'this alteration for ﬁhase.efficiéncy calcule“iﬁn; However,
although this straight forward approach was zufficient for smaller systems,

its approximationé failed for.the lérge 100 metef systemn. .Therefore a new

and more atcurate program was prepared to make this correction.

3.3.1 The "Shqpegphase";grograﬁ

Figure 3-1 presents the geometry used to determine the new phase
alteration. Referfiné to thié figuré, the scattered pattern of the feed at
focus "F" from the quasi-hyperboloid has its phase center shifted to some
quasi~focus, a selected point "A." The far field phase pattern calculated
then exists on some spherical surface at radius R about point A. These phases-
éré taﬁulated at angular positions, Gj. For each Gj, there are reflector
coo;dinates xj, yj for peint "j", and this point is adjacent.to_réflector
coordinates N and NN on eéch side of "j.". These points, N and NN, each
have angles defined, 8 and B, which are the geometric directions of
rays from the subreflector. These directions therefore represent the
diregtional_squr;e of the phase data. The phase, ¢j; to be associated with
the angle Bj is not ¢(Gj) but: is:instead ¢(Bj)'. The procedufe then is as
follows: Determine the point Xj, Yj;.and'ﬂs'by interpolation Betwégn'thé )

points N and NN. Also determine the point x', y' on the reference sphere.
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Now the phase on the sphere ¢(Bj), is interpolated between the two adjacent
tabulated values of phase, ¢(Bj+) and ¢(Bj—). A radial correction is then

applied to ¢(Bj) by the length, AR (phase advance).
AR = R - x,/8%in B. - Z. Cas B.
3 i 73 _BJ
where Zj has been determined:
Z, =B+ y, - %, /tan B,
J yJ J/ & J

A further length correcticm Yj (phase retarded) is then applied to bring the final
phase to the planar region across the front of the primary reflector. O0f course,
all these distances are translated to wavelengths and phase angles.

A similar correction is made to the amplitude function, E at Bj. This
is not as significant since this function varies very slowly. Amplitudes
are translated from the value tabulated, E at ej to the new value E(Bj),
again by interpolation between E(Bj+) and E(Bj—).

A preogram was prepared which obtained these values Xj’ Bj and
finally the phase alteration. This is used with the scattered field output
which determines a slightly modified new amplitude output and a nearly uniform_
ﬁhase, but one which still carries the variétions causéd by diffraction. This
can then be used directly in the.efficiency program to determine the final

antenna characteristics. This program is listed in Appendix B.

3.4 Results of Antenna Calculations.

Many'samﬁie problems were solved in determining the parameter ranges fnr
the 100 meter antenna, and in modifying the shaping program and developing the
new phase alterétion program. The final results of these very many tests will

_ be discussed.

L E .
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3.4.1 The Feed Horns

All sample designs and calculations in this study were done for the dual
frequency application, S-band (2.1 to 2.4 GHz) and X-band (7.1 to 8.5 GHz). For
this application, a new dual band horn technique; (3)(5), was used to feed and
then determine the S- and X-band performance of the 100m system. A horn of this
type is being used in a new X-S feed horn development for use at DSS 13 and
possibly other antennas. A photograph of the horn is shown in figure 3-2. Most
of the shaping calculations were made using the X-band pattern; however two were
made using the S-band pattern and will be discussed later.

Figure 3-3 presents the horn geometry. For corrugated horn performance
(very low sidelobes, equal E and H plane patterns) the grooves must be from
A(g%fl) to l(%?) deep, where N may assume any integer value. Groov. iaput
impedance is then capacitive and fields are forced away from the walls; wall
currents are reduced.

As the aperture diameter becomes larger, the pattérn beamyidth becomes
independent of aperture size (and frequency) and is only a function of the

flare angle, 8. This independence, or "beam saturation,"

occurs in the region
when "A" becomes greater than about 0.75 (6). (See figure 3-3.) 1In this case
we have at least two ﬁhase reversals across the horn aperture. As the
aperture becomes larger, the number of phase reversals will increase and the

general pattern texture will change, but not the approximate beamwidth or

gain. The chart below illustrates this point.

10 dB-Beamwidth 20 dB-Beamwidth

8 D A(2,295) A(8.415) X-Band $—Band X-Band S-Band
149 g7 0.80 2.94- - 10.49°  10.19° - 13.57°  15.64°

A 14° horn'with 67 inch aperture (used in some:following calculations) is

just large enough at S-band, & = 0;80, to reach saturaﬁion,' The 10 dB
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~ that make up the final result. The first efficiency component that has a

. capture more of the main horn beam, forward spillover efficiency increases

* béhave redieally neer'theseinull_regiens;-sﬁaping-programs are based on uniform

the dlsadvantage of 11m1t1ng the shape to the one smngle horn at one frequency o 1

beamwidths are very similar while the 20 dB beamwidths are different, indicating
differeet paftern texture. As the.aperture is msde much larger, A will become
greater in S-band and patterns will more closely resemdle each other, at—-20dB
also. Figures 3-4 and 3-5 are the calculated patterns for this horn. It is
apparent that as‘flare angle BO is reduced, tee horns must becqme very‘large
to achleve this beamwidth 1ndependence._ | |

Dual band horns w:rth flare angles from 9 degrees through 17 degrees
were used in the shaping and efficiency calculations during this study.

3.4.2 100 Meter Dish Configurations

Success of special antenna shaping to achieve high overall efficiency

depends upon obtaining high efficiency results for each of the various components

sigﬁificant effect on the choice of configuration in the dual shaping approach

is the forward spiilover efficiency, As the subreflector is enlarged to

s*
since less energy is allowed past this reflector. However, two factors are
working against any attempt at capturing all energy between the first nulls for
a near 100% efficiency in the case of the dual band horn. These are (1) extreme
shaping requiréd to hold the uniform.illumiﬁation'will'result'in radii of

curvature unsuited to the geometric-obtics assumption and (2) hornphase patterns

horn phese and though a slight variation in phase can be ignored, larger ones
may result in a poor flnal phase result,
" The shaplng program could (and once dld) prov1de a shaplnb correcion

to eccdunt for thlS rapld phase change near the null reglon.‘ However, thlS has

only. Other 51m11ar horns would have Very restrlcted use. Therefore, through—'

out ths study, an exactly unlform horn phase has been assumed

e o L
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A reasonable and practical choice for this spillover efficiency wvalue based
on calculation experience, and experiment, is about 99%. This is not to say
that 99.5%, or even a bit more, is not reasonable but that 99% will give good
overall results and allow one to define some configuration limits. A greater
efficiency, 99.8% or so, would represent an extreme taper upon the subreflector
edge and could lead to the shapingextremes unsuited to the geometrical optics

approach.

Therefore a value, nfs, of 99% will be chosen in order to dcefine =rome
configurations that will result from using a selection of dual X-S band horus.

The 997 number will mean a taper of about 19 dB onto the subreflector edge when

using this horn concept.

Figure 3-6 presents the general configuration of the special shaped antenna
system. ﬁote that "F/D" is defined directly by the dish depth and diameter;
- this is because the system does not have a definable focal position. Also note
that for the dual band horn, the phase center is generally far back in the horn
throat, in the vicinity of the horn vertex. The chart, figure 3-7, presents
the calculations for configuration pérameters when considering three choices
of horn size, three approximate "F/D" values, and illumination tépefs to pro-

vide a 99% forward spillover efficiency in the X-Band.

Figures 3-8 and 3-9 present much of this data in graph form. What ome
observes is that if a horn location near the vertex is desired, themn the
smaller flare angles {large horn) and smaller "F/D" values (a "deeper" main

reflector) are required.




It must be emphasized that these values are only design guides.
They depend entirely on the illumination angle "a&" giving Npg = 997%. When
a slightly different subreflector/main reflector diameter ratio is chosen
(0,1 was used here), then different parametefs will r&sﬁlﬁQ HoWevér, for
practical systems, the parameters will remain very near to those indiecated

by the graphs.

3.4.3 Some Samples of Shaping and Efficiency

| As was mentioned ébove; many test cases were calculéted for shaping,
scattering, and afficiency for hdrn.sizes from 17 degreas down to 9 degrees,
'using.no central holé cutout ;6 fédﬁce.blockage and using control hole
cutouts that equaled subreflector size down to about 0.8 of subreflectof
 éizé; The'shapipg WAS ﬁéarly.always doﬁé usiﬁg the X~band pattern (fof
optimum XrBand performance) and'scattering of both X- and é-Band was calculated.

Allﬁresults had muéh inuéqmmon, with.only slight wvariation. (1) Bést

X-Band efficiency_would approach 96% with low rear spillover, less ﬁhan 1.0
Keivin; (2)'generally the.S—baﬁd ﬁerforﬁance would be poorer, in the region from
90% to 92%% With probablj unadceptably higher rear_spillover, about 6.0.to 8.0
Kelvin. The féﬁaiﬁer'of the feport_ﬁill deal with near final designs, using
a 14 degree hgrn in an F/D-$50.325 system and an 11 degree horn in an E/D.
v 0,4 system. | |

The 14-Degree Horn at 14-Degree Taper, X-band Shaping

Figure 3-10'indicate§'the design dimensions when using the X-band
horn.pattern_for the shaping calculations. -Ihe hprn patterns of figure 3-4
"~ and 3-5 are scaftéréd froﬁ this shaped subrefiector and the efficiencies are
QalCU1ate&f'”Th3 tapgr at_the'edgg of the subreflector -is -21.54 dB in X-band
_aﬁd —15.67 in dB in S-band. TForward spilldver is then 99.492 iﬁ X—band and.96.35%

_in;Séband,r'FollQWing are .the results for the 100 meter antenna. .
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f = 8.415 GHz f = 2.295 GHz

Mg (forward spillover) 0.99430 0.96345
g (rear spillover) 0.99830 (0.41 Kelvins) 0.97091 (6.98 Kelvins)
ng (illumination) _ 0.98973 _ : 0.99223
Ny (Phase) | | 0.98410 : 0.99353
n ‘(blockage) . 0.,99148 ' -0.98627
n# (cross;pol) _ 0.99980 - : 0.%9950
n  total - | 0.958%4 : 0.90903

and this typifies X~band shaping. Although efficiencies are probably acceptable

in both bands, one would like to reduce the S~band rear spillover and hence the

noise contribution. The scattered patterns are shown in figure 3-11 (a), (b)
and (d). These are fine illustrations of placing 2 null in the center of
the illumination pattern. It can be seen that the X-band synthesis
produces'a deep distinct central null region. At S-band, it is not
as effective, but still useful. Note in figure 3-10 that the angle Bl
~defines a reflectoy radius of 1931 incheé (49.05m) whichbis in line with the
subreflector edge. This is the maximum extent to which the shaping is
carried. The reason: When tha feeding pattefn is scattered from the
sybreflector (physical optics) the angle of final maximum efficiency and
also acceptably loW rear spillover (fof’iow-noise5'OCCurs beyond the value

of 61, usually about 1 degree greater. For this reason, a slightly smaller

reflector is chosen which, when increased in size to 100 meters, will be

:‘ (=),

about” right for acceptable rear spillover and nearly maximum overall efficiency.

The technique for defining the coordinates of the outer 1 meter

of ¥adius has not been developed as yet. It is assumed that this can be done

without causing any additional phase error in the final illumination patterm,

Ci.e. holding phase efficiency to its value at 91.
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At this point, it occurs to do the shaping synthesis at S-band to improve
- 8-band spillover, and ohserve the final results on X-band.

The 14-Degree Horn at l4-Degree Taper, S-baad Shaping

The feed chosen for this S-band shaping is the ome just discussed;
one simply uses the S-band radiation pattern as input to the shaping program.
Since the 14 degree edge taper is only ~16.67 dB at S-band, the "sharpness"
of shaping, or variation from the hyperboloid should be different. Edge
illumination remains, of course, the same in X-band as in the example above
and forward spillover will remain unchanged.

'Figﬁré 3-12 indicates the design configuration forx the 14 degree
horn using its S-band pattern for the shaping calculations. The same horn
patterns (figﬁres 3~4 and 3-5) are now scattered from this slightly
different shape and the fesulting efficiencies‘are calculated. The following
.feéulﬁs for ‘the 100m antenna:’ |

f = 8.415 GH= f = 2.295 GHz

n-fs-(f_o'mard spillover) 0.99490 - )  0.96345
Mg (rear spillover) 0.99939 (0.15 Kelvins) 0.98658 (3.22 Kelvins)
n; (illumination) | 0,96987 - 0.99025
nph'(phasg)' ' 0.99311 | 0.99356
n, (blockage) 0.99264 0.99068
Ny (cross=pol) - . . 0;99980 e - 0.99950
(cotal) 0.95045 , 0.92601

t

These are to be compared to: the figures above. X-band efficiency
has been de@réasad:by about i%; S~band efficiency is increased by m@re than
1% and S-band reaxr spillover ‘(noise) is significantly reduced. The cause of
X~band reduction is seen.in the fall off of illumination efficiency. as expected.
. The scattered patterns for this example are thﬁﬁ in figure 3-13 {(a), (b)

(e, and (d)..

i




By looking at these patterns at slightly greater angles (ur
changing geometry a trifle) different efficiencies can be obtained so that
one may "optimize" the trade-off beween X~ and S-band, depending upon
requirements. For instance, at 74 degrees on the illumination patterns,
(a 102.2 meter antenna) the following efficiencies result: (remembering that
a technique has not yet been developed which permits the calculation of

coordinates for the larger dishes, beyond 61).

f = 8.415 CHz f = 2,295 GhHz

Neo (forward spillover) 0.99490 0.96345
n, (rear spillover) 0.99975 (0.06 Kelvins) 0.99402 (1.44 Kelvins)
n; (illumination) D.94172 0.97952
Mo (phase) 0.99311 0.99356
n, (blockage) - 0.99266 0.99070
n, (eross-pol) 0.99980 0.99950

n (TOTAL) 0.92320 0.92290

The X-band efficiency has reduced by about 3% while S-band remains
itbout the same. The reason;.the X-band illumination is reducing rapidly
and the reduction in S-band illumination is nearly compensated by S-band
rear spillover improvement. Note the S-band noise is becoming acceptably
low., Carrying this approach farther is futile, Although S-band noise does
continue t§ reduce, the falloff in overall efficiency increases rapidly to
unaceeptable levels._

The ll-deg. horn at 1l deg taper, S-band shaping

Qne further problem was solved to see if a pgross changg in F/D ratio
would alter these general results of S-band spillover. Therefore, an 11 degree
- horn at 11 degree taper in a shallow dish, F/D~~ 0.4 was investigated. Such
a configuration results in a feed focal point that is about the same distance

from dish vertex as the previous two examples (see figure 3-14).

. E L
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S~band taper is now -16.54 dB and X~band taper is -21.57 dB.
Forward spillover becomes 99.467 at X-band and 96.09% at S-band. Following
are the”efficiency results at 100 meters, to compare directly to the 100m, 14

deg. problem.

£ = 8.415 GHz £ =2.295 CHz
nfs (fprward.spillqver) Q.99457 ' | 0.96093.
'ﬁs (réar spilloﬁer) | ' ) 0.99913 (G.21 Kélvins)" 0.98631 (3.29 Kelvins)
ong (iliumination) o .0.96795 7 | 0f98956
anphf (phase) R 0.99122 o 0.99058.
ny (blockage) . 0.g9106 N - 0.98582 ‘
n (cross + pol). | 0.99980 0. 99950
| m (TOTAL) . 0.94470 0.91541

and the results are not significantly different from the above case of the
14 deg horm with 3.22K rear spillover in S-band. These patterns are shown in
3-15 (a): (b): (C), and (d)-

3.5 . A Larper Horn -

The above results were obtained ﬁy using a dual band horﬁ that barely‘
qualifies, i.e., " Af is apprpximately 0.8 (see section 3.4.l§'figure 3-3).
As "A" is made larger at S-band, the horn pattern at S-band will change rapidly
and approach the X-band pattemn for Ehe 1argeraho:n53 -Although the X-band .
pattern will also slowiy change,ifinal ;esults Wiil.becoméucloser,as AT
becomes large. |
.LFigure”3~16 presents this_l@:degrée horn patfernﬂas ;hé aperture
enlargea;tq 12O3inches, and A‘becomes;1;43. 'ihis,i$~to‘be;aompar94;tpﬂ'»
.figure 3-5, the 67 inch aperture, A % 0.80. The pattéra has "squared up“
" “and becomes. compardble to:the‘Xéband-péttern,'figure 3-4. ~A_new.éhaped

surface is calculated based on this new S~-band pattern. TFigure 3-17
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presents the design configuration for this larger hornm in the dual shaped

system. The horn would be approximately 10 ft. in diameter by 20 ft. lomng.
* The practicality of this even in the context of 2 100 meter antenna, cost

effectiveness notwithstanding, is questionable, but instructive to study.

The S~band taper of this larger horn is now -18.32 dB at 14 degrees
instead of -16.67 dB as above showing the change in beam detail. The forward
spillover (nfs, the energy within z14° of boresight) has become 98.5% as
opposed to 96.35% for the smaller horn.

When scattered from these new shaped surfaces, the iar-er horn has

the following results:

R T T T T T T U Sy

f = 8.415 GHz f = 2,295 GHz
Neg (forward spillover) 0.99490 0.98488
Ng (rear spillover) 0.99936 (0.15 Kelvins) 0.98798 (2.88 Kelvins)
Ny (illumination) 0.98189 0.99275
LI (pha§E) 0.98750 0.98360
ny (blockage) 0.99122 0.98773
um (eross—-pol.) 0.99980 0.992980 |
n (TOTAL) 0.95540 0.93830

This has had the effect of increasing X-band efficiency by 0.5%
and S-band by 1%, while decreasing S-band noise by about 0.5K. TFor this
case, if one expands the illumination angle a bit, to 73.5 degrees, S-band
rear spiliover noise will further reduce to 1.67K with X~ and S-band
efficiency both at about 94%. 8-band rear spillover is reduced further by
going on to a 74 degree iliumination angle. For this case, the noise is
less than 1.0K {0.95) with 93.4% and 92.5% overalil at S— and X-band :;
respectively. Theése scatter patterns are depicted in figure 3-18 (a), (b),

{(c) andl(d).
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The results of section 3.4.3 are summarized in Table 3-1.
These horns will each have its phase center about 45 feet (13 to 14 meters)

from the main reflector vertex. The 14° horns are used in small F/D reflec—

i
]
i
b
L
]
\‘

tors ~ 0,325, while the 11 degree horn is suggested for the more conven-

tional reflector, F/D ~ 0.4.

T




- Type of- Desired Total Eff . Rear Spillover Total Eff Rear Spillover
-Shaping Condition & © X-Band " Noise, X-Band S-Band Noise, S~Band
14° Horn Max, Efficiency, : ‘
67" Aperture X~Band, 8 = 73° 95.,9% 0.41K 90.97% 6.98K
X~Band Pattern - . ‘
for Shaping Max. Efficiency, 7 ,
T - 8~Band, 8 = 74.5° 92% 0.05K 92,3% 1.62K
_ Max. Efficiency, |
. i - o] - : ] £
14° Horn x Band, @ 72 96.1% 1.26K 91.3% 7.36K
67" Aperture Max. Efficiency,
S-Band Pattern  S-Band, 6 = 73° 95% 0. 15K 92.6% 3.22K
for Shaping Lower Noise . =
S-Band, B = 74° 92.2% 0.06K 92.3% 1.44K
‘Max. Efficiency _ v \
— = o y : g ™~
11° Horn X~-Band, & = 60.5' 95.87% 1.2K 90.6% 7.42K &
- 82" Aperture Max. Efficiency
- 8-Band Pattern S-Band, 6§ = 61.3° 94.,5% 0.21K 91.5% 3,29K
fo? Shaping Lower Noise _
' S§-Band, & = 62,5° 91.4% 0.06K 91.4% 1.4K
Max. Efficiency' .
- = o L/ . o r
149 Horn X-Band, 8 = 72.3 96.47% 0.71K; 93.4% 4.8K
120" Aperture Max. Efficiency:
S-Band Pattern S-Band, & = 73° 95.5% 0.15K 93.8% 2.88K"
fo? Shapl“gf Lower Noise
: S8-Band, 8 = 73.5° 94% 0.07K 847 1.67K
Table 3-1. Summary of Results
) R o
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4.0 CONCLUSIONS

The large dual frequency band corrugated horn patterns have been
used to calculate shaping coordinates for 100 meter antennas at maximum
efficiency (uniform illumination). The horn patterns were then scattered
from the shaped quasi-hyperboloid and efficiencies as well as zenith rear
spillover noise were calculated.

The shaping determination also included a type of 'vertex plate" which
scattered thé energy away from the central subreflector shadow region.

This is done without adding phase error to the final illumination pattern.

The results indicate that highly efficient shapes are available at both
bands of the X-S band system, generally with X-band being the most efficient.
This is because the S-band horn pattern shape fesults in more forward spiliover,
the lower S-band ffequency results in more rear spillover because reflector
size is smaller {(in wavelengths) and for the same reason blockage efficiency
is a fraction of a percent smaller.

Overail efficiencies in excess of 92% are possible in both bands with
‘the smallest possible dual band horn, i;e., one that can be said to be truly
gain limited. This is with a rear spillover noise of about 1.5K at S-band and
less than 0.1K at X-band. In cne example of using a much larger horn, overall
efficiencies reéched 94% at X-band and 93.8% at S-band with about the same
noise; | | |

The dual band horn is well suitgd to use in a shaped reflector
system. Iﬁ.genefai, a trade—-off would be needed beﬁween hofn size and

allowable low frequency (S-band) degradation to determine a final design.

P S S N TP T
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Some further work should be done in this program, as follows:

1.

3.

Coordinates of the outer region of the quasi-paraboloid need

to be more accurately determined. These are beyond the angle

8 in the various configuration figures. The phase of the

scattered field here is erratic and must be studied to

determine the proper approach to determining this extension.

The effect of symmetrical I.'v;ararp3‘.:15;," of the' quasi-paraboloid must be
studied. This "warping" is a result of quasi-homologous deflection
design envisioned for a 100 meter X-band instrument. TFor the

large antenna, at various elevation angles, the carefully designed
shaped system will assume certain variations in shape. This
effect, and the effect of re-setting the shaped subreflector for
maxiﬁum gain must'Be evéluated to ascertain if the principles of
high efficiency will not be significantly degraded.

Final tradeoffs of allowable S-band performsuce degradation as well

as structural layout tradeoffs, particularly large microwave horn

size and fabrication, its interaction on pesition above main

reflector vertex, and main reflector "deepness' must be optimized

Ll
between microwave and structural performance and associated costs.

This has not been done, and is necessary to fully define a final
design. For example, the typically "flat" main reflectors preferred

in the DSN application result ‘n the feeds being rather far above

the main reflector vertex. For a 100 meter diameter antenna, a

significant feed cone support structure results. Deepening the

‘ @ain_feflectqr alleviates this significantly. The use of well-
performing, but large "gain limited" dual band horns aggravates this

~ situation.

e .
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Figure 3-0, ‘The Coordinate System for Shaping
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Figure 3-2.

The Full Scale Horn:
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A= D/ZAO (ran .80/'2) |

A>0.75 FOR SATURATION OR
GAIN LIMITED

Figure 3-3; Corrugated Horn Geometry
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/ PLANE
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APERTURE
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Figure 3-6.

General Configuratiun for Shaped Antenma

LA P b vkt A o s e am i

[ e Tt



THE 3927 INCH REFLECTOR (100 METERS)
The Horn 17.1° 17.1° 17.1° 13° 13° 13° 10° 10° 10°
Size Horn = _ Horn Horn Horn Horn Horn Horn Horn Horn
Aperture. (in) 52 52 52 68 68 68 80 80 80
Length L (in) 83 83 83 145 145 145 223 223 223
o (deg) 16.2 16,2 . 16.2 12.4 12.4 12.4 9.66 9.66 9.66
Taper (dB) 18.9 18.9 18.9 19.3 19.3 19.3 19.3 19.3 19,3
A(in) 281.2 . =5.0 -265.9 497.3 211.2 ~49.6 756.6 470.5  209.7
M (in) 817.76 - 701 613.4 817.69 701 613.3 817.65 701 613.3
V=YM-A (in) 536.6 706 879.3 320.4 489.7 662.9 61.05 230.4 403.6
EQUIV’F/D 0.301 0.351 0.401 0.301 0.351 0.401 0,301 0.351  0.401
= Df16YM '
C=V+I, (inches) 620 789 962 465 634.7 808 284 453.4 626.6
Approx Focal 1258.5 1459.4 1661.7 1259.5 1461.1 1672.3 1261.6 1463.1 1665.3
Length, inches '
B degrees . 77.38 68.93 61.96 77.35 68.89 61.93 77.29 68.83 61.88
Not F/D related ‘
¢ (deg) 8.89 7.68 6.76 3.88 7.67 6.71 8.87 7.66  6.74
¢” (deg) 2.33 2.22 2.13 2.45 2.36 2.25 2.34 2.27 2.21

P i o g e
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Figure 3-7.

Configuration Calculations
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'14° Taper,
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A "Best Fit" Solution Using a 14° Horn, ‘
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APPENDIX A

The Prdgraﬁ fbr-Calculating:a.Dual
Shaped Reflector System

The.foilowing computer proéram listing is.for.calculating a duai.shaped
reflector system (Cassegrain) that will p:ovide final uniform illumination
over a'pfimary afertﬁre for any iﬁput horn ﬁr feed patterﬁ. The solution is
hased on geometric opti;s. _

The significant outﬁut will appear on two temporary files, ENDFILE 20
ana ENDFILE 21. ENDFILE 20 carries the coordinétes of the quasi-paraboloid
and quasi-hyperboloid in X,Y,R, © (figure 3-0). ENDFILE 21 carries informa—
tion on the quasi-hyperholoid suitable for use in the RUSCH symmetrical
scattering program.

A feature of the program allows for a cﬁoice.of a null illumination of
the central region of the systém.. This can reduce the amount -of energy that
‘is blocked by the central reflector {(quasi-hyperboloid) and hence to a greater
blockage. efficiency.

The input deck for the program is as follows:

1.  XNMAX, YNMAX . - (2F10.5)
2. TIME 1 (20A4)
-3, TITLE 2 - I (2044)
&, JIN | (15)
C.5. (TTABLE (I,J), J=1,5)° . -~ . (5F10.6)
1=1, JIN : :
_(5+Ji'm). | NSKiE; MULT = o {215) -
(GHIIN) . INTP A ¢ I
(7+JIN). - XMAX, THEMAX, PEDIAM, - (6F10.4)

IMIN, C, FREQ.
(8+JIN). AN, DELAMX, DELAMN - (3F10.4)

T T T T U Sy S WL T SPPFIR, S REar
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Definitions:
XNMAX: See figure 3.0, the maximum quasi-paraboloid radius.
YNMAX: Figure 3.0, used if DELAMX is.not equal to zero, defines the chosen
paraboloid for best fitting.
| TITLE 1, TITLE 2: arbitrary titles.
JIN: The number of cards (points) in the input horn pattern.
T TABLE: THETA, E(0), EP(9), H(G), HP(0)
where
THETA:. Angle in degrees for the horn pattern.
E(@: E - plane field (volts) of the horn.
EP(®): Phase éf the E - piane.
H(®): H - plane field (volts) of the horn.
HP(O): phase of the H - plane.
NSKIP: Set equal to llfor printout.
MULT: betermines the number of coordinates of the output gquasi-paraboloid.
=1, 251 points
=2, 501 points
=3, 751 points
=4, 1001 points
INTP: Becomes P (sée program printout)
XMAX: The maximm "X" value, see XNMAX
THEMAX; The maximum illumination angle of the chosen horn pattern (edge illumination)
PPDIAM: The chosen diameter for the subreflector, i.e., quasi-hyperboleoid.
XMIN: The radius of the central region chosen for a zero of'iliuminaﬁionw
Equal to 0.0 if no central null is desired.
C: - Set equal to —-1000.0, no longer used.
FREQ: ‘Frequency in GHz, no longer used.
AN:  Selected starting value for horn focus locétion. See figure 3-6. AN is
pasitive in tﬁe direction toward the'quasi-baraboloid vertex from the aperture

plane.




A3

DELAMX: First chosen increments (larger) for changing AN ﬁhile looking for -
the best fit parabeleid. Equal to zero if no search is desired.
DELAMN: Seconﬂ chosen (smaller) increments while searchiﬁg for the best £it

paraboloid.

All angles above are input in degrees, all linear dimensions are input in

inches. _ ‘ s
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A-4

¥kxkxkx  DUAL REFLECTDR ANTENNA SYSTEM DESIGN
¥% A FORYRAN 4 PROGRAM *¥%

WRITTEN BY PHIL JARVIE+IY+AND ROB GERRITSEN FOR ART LUDWIGrJPL,.

THIS PROGRAM I8 AN EXTENSION OF DAR WITH TWO ADDED OPTIONS,

+ THE FIRST OPTION I8 INTEXNAL VAKRIATION OF THE PARAMETER Ay WHICH
DETERMINES THE Y COMPONENT OF THE CENTER OF THE POLAR CO=ORDINATE"
SYSTEM, o
THE VARTIATION OF A IS CARRIED OUT SO THAT A BEST A IS FOURNDq
WHERE THE BEST A IS THAT A WHICH MINIMIZES THE NORMAL
DEVIATION OF THE MAIN REFLECTOR FROM A NOMINA|L MAIN REFLEC)OR,
FOR EACH VALUE OF A TRIED THE PROGRAM SOLVES THE THREE SIMuULw
TANEQUS DIFFERENTIAL EQUATIONS AS IN DAR,

RESULTS ARE PRINTED FOR THE DUAL REFLECTOR SUSTEM CORRESPONDING
TO THE BEST A,

THE OTHER OPTION IS A POSTPROCESSOR wHICH PUNCHES OUT 4 SET OF
RECKS,

FOR PUNCH QPTION Py USE 0 FOR ND PUNCHED OUTPUTs USE { FOR
STANDARD PUNCHED OUTPUT AND USE 2 FOR ROY LEVY PUNCHED OUTPUT
MODIFIED FOR DEMAND TERMINAL USE
P,POTTERs SECTION 333
as11,74

MODIFYED EXTENSIVELY DURING 1977 BY L. HOWARD AND W, F, WILLIAMS,
INCLUDED CHANGES TO THE EWQUATIONS TO BE INTEGRATED:
OF THEIR DERIVATIVESs METHOD OF INTEGRATION:
FORM QF QUTPUTes ETC. (SEE DOCUMENT DETAILS}

COMMON/DERARG/A2C29VARTIU) «DERTA)yEUCT) +ELCZ) s TEMPS(L1)
COMMON/ALWAYS/XNMAY g YNMAX

COMMON/AFTER/XSAV(1004), YSAVCIOOG)vYDRSAVEiOO”JvNUD FNDD
COMMON/FORGOT/XMAX YO s XMIN
COMMON/CPOST/RANCINOU) ¢+RPRO1OOM) v THPRC1OOU) ¢ THECLIOOU) +CoPeMULT
COMMON TTABLE(200+8)+HEADI(RP0)+HEADRI20) ¢ HEADI(20)Y+PAGELINE
COMMON JWMAX e JO s JINCICIeIC2eROsWL s THEMAX

INTEGER PAGE

REAL KyNORMAXyNORMINIMAXX ¢MAXY s MINXsMINY

EQUIVALENCE (XxeVaR(1)) s (THETAIVAR(2)) s (Y VAR(SJJ!(RvVAR(ﬂ)Jv
X{HeDER(1)) s (THETAPYDER(2)) s (YPIDER(Z)) ¢ (RP¥DER(4))

1000 wRITE(6+2000)

2000 FORHAT{/»/EOXEYHS?MHETRICAL SHAPTNG PROGRAM//)

THE DETERMINATIGN
CONSTANTS OF INTEGRATIONY

DR100O02¢C

FREEKKKKEEERXLKDRL0005(

DR10OOAC
DR1000OS(
on:oooac
DR100OY

Dp;ﬂﬁoac
DR10009C
DRiOOLOC
pR10011¢C
DR10012¢
BR1OOLIC
DRIoOi4C
DR10OLSC

o

DR100%60

DR100170
DR100i&0

DR1DO19C

DRigQOZ0C
DR10G21C

DR1GOE20

OR100230
DRiQQ240
DR100250

DR100270

DR100290
DR1C0300
pR10O3LD
DR100320
DR100330
DRI0OO340
DR10Q0350
DR100360
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cEe0

o3y e

2040

2050
2060
2061

2070

81
83

g2
84

a5

A-5

WRITE(6+2010)

FORMAT(35H *%3INPUT XNMAX.YNMAX, 2F{0,5¢ OR #//)
READ(S+2020+END® 60N0) XNMAX e YNMAX

HRITE(6e2011) XNMAXaYNMAX

FORMAT(1IXe8F12.5)

FORMAT(BF10.5)

START OF PROGRAMy READ IN MAINHEADER,

WRITE(6:,2030)

FORMAT(//21H **3INPUT MAIN HEADER//}
READ(Se1)HEADY

FORMAT(20A4)

WRITE(6s2031) HEADI

FORMAT(1X+2044)

LINE=O

PAGESO

NOw TO READ FIELD DATA HEADER¢CONTROL PARAMETERS¢AND DATA POINTS

WRITE{6v2040)

FORMAT(//27H *%%¥INPUT FIELD DATA HEADER//)
READ{S+5)HEAD2

FORMAT(2044)

WRITE(6¢2031) HEADZ

CALL PR(O)

WRITE(&e5)HEADZ

WRITE(He2050)

FORMAT(17H ®¥xINPUT JINe IS//)

READ{S+2060) JIN

FORMAT(161%)

WRITE(6e2061) JIN

FORMAT(IXs5615)

JMAXE O

JOog 0

ICis |

Ice= §

WRITE(6e2070)

FORMAT(//304H *x%%ADD VYOLTAGE ILLUM PATTERN DECK//)
READ(S¢+B)CCTTABLE(TIvJ)edx1e8) s IxleJIN)
FORMAT(SF 10,86}

CALL PR(O)

IFCIC1)3L 81482

HRITEC&:83) _

FORMAT {1HOL2HTHETA(DEGY 8H EC DB ) 12H PHI=E(DEG) 8H H{ DB )
XigW PHI=H(DEG) )

GO TO B85S

WRITE(&6e84) - o : : '
FORMATC(IHO12HTHETA(DEG) 8H ECVOLT) 12H PHI-E(DEG) 8H H(VOLT)
X12H PHI=H(DEG) 1}

CONTINUE

DO 10 I=ieJIN

CALL PR(CO)

WRITE(By9ICTTABLE(I+Jd) s Jxie5)

FORMAT(SF11.5)

CONTINUE

DR1003%90
DR10O0OUOO
DR1004L0
DR$00420

DR10043C
DR10044C

DR10O4SC
DRi0OLBC
DR10047¢C
DR3IQO4BC
DR10CGASC

DR10050C
DR10051¢C

PR1OOS2C

DR10053C

DR1CO&0C
DR10G&IC
DR1006KA(
DR100&3¢
DR10OG&4S
DR100&S(
DR100&6I
DRi0OO&T(
DR1CG0A&B!
DR100&GDH
DR10070!
DRIOOT7 LY
DRIQOTZ2I
DRIQOT3
DRIGOT7T 4
DR10QTS:
DR10OT7&

o
e e
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sz RaNeRe e

2080
1300

C 130
2030
2095
3000

2100

2110

1310
2120

131

2125

A~B

NOW TO CONSTRUCT 3 FUNCTIONS sFyPHI+AND PHI PRIME

CALL CONST

CALL PR(O)

WRITE(Aei1)

11 FORMAT(1HO$2HTHETA(RAD)
X$2H PHI=HCINCH) 10H FCWATT/ZA)
DO 13 IxiyJIN

CALL PRCO)

BH E(VOLT) {2H PHI=E(INCH) 8H H(VOLT)

WRITECHe12)CTTABLECTvJ) v Ix148)

FORMAT(F124,997F10,6)

CONTINUE

PR10OTTI
PRLOOT B!
DR1OOTIH

BRiQOB LY
pR10GEZ2I
DREQOEX(
DRIGOBKL(

10H PHICINCHY» $5H PHIPCINCH/RAD)) DR100&5(

HR10086(
DR10087(
DR10088(
DR100BYC
DR£0090C

A ———————p e R R TR T T 1, TR T L R
ENp OF PHASE I 1START PHASE II
**********#*********#**********x#****x*****#****m**#***#**##**x#**an10093c

READ CASE HEADER aAND ARGUHENTS

WRITE(612080)

FORMAT(//19H ¥¥x*INPUT NSKIPFs I15//}

READ(5+2100) NSKIPyMULT
WRITE(H2061) NSKIPsMULT
FORMAT (2044)
WRITE(Es2090)

FORMAT(//34H ¥*x*¥INPUT A | FOR RUSCH QUTPUTy 1I5)

"HRITE(622095)

FORMAT(3SH **kxINPUT A& 2 FOR PSCATT QUTPUTy I5}

WRITEC693000)

FORMAT(34H *%*INPUT A 3 FOR BOTH OUTPUTS! 157/}

READ(5+2100) INTP
FORMAT(16IS)
WRITE(&+2061)

P= INTP

WRITE(&2110)
FORMATL/ /!

*EETNPUT XMAX+ THETAMAXeSUR DIAMeXMINeCe SF10.51//)

READ(S21310) XMAXyTHEMAXsPPDIAMyXMINsC+FRER
WRITECE2011) XMAXsTHEMAXsPPDIAMYXMINCeFRER

Wle11,8028543/FREQ
"Ks PPDIAM/2,.0
FORMAT (6F10,4)

“WRITE(6e2120)

FORMAT(//33H *%kINPUT AyDAMAXsDAMINs 3IFi0.5//)
READ (Se131)ANIDELAMYX ¢DEL AMN
WRITE(6r2011) ANeDELAMX¢DELAMN

FORMAT (3F10.4)

LINE=0

CALL PR{=1)
WRITE(6+2125)
FORMATC(///)

WRITE (6ri132) XMAX;THEMAX!K!P!C
152 FORMAT (6H XMAXZFi0,498H THEMAX®FL10.423H KxF1{0,493H PEF4«1¢3H C=FIDR101060

X0,.4)

CALL PR{=1)}

_ CWRITE (be133) ANyDELAMXsDELAMN
133 FORMAT (11H A NOMINAL=F10,4y13H DELTA A MAX=F10.4413H DELTA A MIN=DRiOl10d

PR1D0GZC
DR1009AC

DR10OSSC
DR1009HC

DRIOODAQEC

DR101010

DR101020
DR10103(
DR101040

DRiO1OSO

DR1G10O7

DR101080O

DRiCGiOGC

P T




A-7

?P-G‘W"ﬁj; DR101110

AF1044) T
c CALCULATE C2 AND SET OTHER CONSTANTS fgwﬁwp& @}31”3“’ DR1O1120
THEMAXZ , 01745329254 THEMAX '{ﬁagﬁﬁﬁ& DR101130
Y020, - DR101140
RO=K/SIN{THEMAX) DR101150
CALL PR(=1) DR101160
WRITE (691330) THEMAX+ROrYO DR101170C

1330 FORMAT(13H THEMAX(RAD)=F1249+10H ROCINCH)}=SF12,4s9HYO(INCHISF12,4) DRi0118¢
CALL CTWO(XMAXeXMINICE)

t
c
CALL PR(=1) PR10120C
WRITE (b6ei34)C2 DRi0i21¢C
134 FORMAT (1H ¢10Xs3HC22EL16,9) PrRiO1Z22C
C Bk kLR KRR REFRRRERRFFFRE KKK ER TR RE RN R R R R R KRR KRR RN E Rk kR RkDRL0123C
c END PHASE II+START PHASE 11T DR10124¢
c KRR R F KRR R R R R AR RRFREKERRE R KRR B R R Rk R R R R kR R R R kR kR RkRkDR{012SC
o TEST DELAMX=0¢ IF SO CALCULATE CURVE FOR AN AND GD TO NEXT CASE.DR10126¢C
IF (DELAMX) 1341+1301rv1341 DR10127¢C
¢ FRpkRkE kR FdocRkhkck kR kb kR Rk Rk Rk ok Rk kR kR kR R kR Rk R R kR Rk kR kX k%R DRI 0L 28C
c PHASE ITJ=2 ~ DR1Q12%C
C FRprkbd Rk kR Rk Rk kR R E Rk hk kR R Rk kkok Rk Rk ko R bk kkkoE kR EER K RAKRROR]{ 01 30C
c DRi1013tC
c FIND AZANTN*¥DELAMYoSUCH THAT THE MAIN REFLECTOR WITH THIS A HAS DR10132¢
c LEAST RMS DEVIATION FROM NOMINA{ MAIN REFLECTOR, DRIVIZZC
C ' DRIOLZ4C
1347 CALL AOPT(ANGDELAMX ABEST+RMSyByNORMAXsNORMINsMAXN ¢ MAXY ¢y MINXeMINYsDR10135C
XNDA) DR1013¢
IF (NDA)Y 1340+1300491340 . . : ‘ o DR101I3TC
C WRTTE FIRST PASS RESULTS. DRIO138B(
1340 CALL PR(=1) DR10136¢C
HWRITE (6e135) ABESTe+RMS5:B DRiIOL4OC
135 FORMAT (19H FIRST PASS, ABESTSF15,8¢5H RMSZF{5,8:+3H B=Fi5.8) DRIQLI41C
DIFFENORMAXwNORMIN DRIOL42C
CAlLL PR{«1) DR1G143¢
WRYITE (&ei36) NORMAXINORMINSDIFF DR1OLau(
1536 FORMAT (13H NORMAL MAX ,=F15,.8vi3%H NDRMAL MIM =F15.,822tH PEAK=TD= DR10L4SC
XPEAK MAX,=F1%5,8) PRIO1USBC
CalLL PR(=1) DRIGLUT(
WRITE (Gel137) MAXX o MAXY MINXeMINY DR10i4B(
137 FORMAT(10OH MAXY AT X=F10.8e3H YZF10,48v10H MIN AT XsFi0,4¢3H YSFL0,4DRI0E49(
X) PRICLISOC
C DR1I0LIST(
y FIND AzZAREST+NXDELAMN SUCH THAT RMS DEVIATION IS HMINIMIZED. DRiGISA(
c PR1015%(
XABEST=ABEST DR1OL154(
CALL AOPT(XABRESTe+DFLAMN ARESTIYRMS+BeNORMAX s NORMINeMAXX s MAXY o MINXy DR10185¢
XMINYeNOA) DR101ISBAC
IFENDAY 1370¢13008370
t **#*t***********#**#***********#*#4*#***##***#**#***#****#********DR10158(
C ENG PHASE III START PHASE 1V DR1Q0ISS
C R AR R AR R RN F R R R R R RN R R KRR KR KRR R R KRRk RN R R R Rk ke kR Rk Rk kKR kR F kR RDRI 01600
1370 CALL PR(=1) . , DRIOILIGEL
WRITE (bs138) ABESTsRMB+B DR101621
138 FOEMAT (20H FINa| PASB, ABEST=F15,8¢5H RMS=F15,8+3H B2F15.8) DRiQ163
DIFFRNORMAX=NORMIN DRiOL164L

CALL PR(w1) | A o . DR101651
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c
c

1301

WRITE (6+136) NORMAXsNORMINSDIFF DRi10O166I(
CALL PR(=1) DR101&T7(
WRITE (6¢137) MAXX MAXYsMINXIMINY DR10168(
DR:0O169(
CALL YOFX TO CALCULATE AND PRINT BEST CURVE DR10170(
DRIOITIC
LINE=O DR10172(C
CALL YOFX(1 +ABEST+BsNSKIP) DR10173cC
CALL POSTKR IF P IS NOT ZERO DR1OITAC
IFCINTP,EQ,1.0R,INTP,EQ.3) CALL POSTPR
EEE R R AR RN A AN R AR SRR R NN AR R R AR KRR R N R R KRR AKX SRR Xk ks DRI 01 T&(
END PHASE IV, RFTURN TO START OF PHASE II DR10177¢
EERRE N R KRR RN R AR R R AR RN R R R RN RN AR KRR R RN R | KRR RN R X R AR XX RNk kDRI 0178 (
GO TO 1000 DR10179¢
EXRERNERR R R R AR R KRR AR R RN R RN R RN R RN AR A S AR AR R AR RN SN R R Rk X xRk DR101B0(C
PHASE IIl=B DR10181C
EERRKE RN R E R RN R R R F R KRR RGN N R R R RN RN R RN RN RN RN R R SR XN XXXk xxxDR10182(
DRiO183C
PROGRAM COMES TO THIS SECTION IF DELAMXSOsWHICKH MEANS THAT NO BESTDR1O184C
£ 1S TD BE FOUNDs BUT RESULTS FOR AN ARE TO BE PRINTED, DR10185¢
DR101B6C
FIND CURVE FOR AN DR1018B7(
CALL YOFX(OsANsOLyNSKIP) DR10188(
FIND B FOR SHIFTING YN DR10189C
CALL RMSB(B) DRi019OC
ABEST=AN DR10191C
CALCULATE THE ERRORS DR10192C
CALL RMSERR(ByRMS) DR10193C
CALL MAXMIN(NORMAX +NORMINsMAXIsMINI«RB) DR10194C
MAXX®EXSAV(MAXI) DR1019SC
MAXYRYSAVIMAXI) DR10196C
MINXeXSAVIMINT) DR10197C
MINYRYSAY(MINI) DR10198¢C
GO TO 1370 DR10199C

6000 CONTINUE

NOW CLOSE FILE20=PSEUDO«PARABOLA OUTPUT &
FILE21mPSEUDO=HYPERBOLA OQOUTPUT AND QUIT

ENDFILE 20

ENDFILE 21

SToP

END DR102000
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SURRODUTINE YOFX({XYPRFLeAN¢BINEKIP)

THIS IS THE SUBROUTINE THAT DOUES THE MAIN CALCULATIONS,
TH1S SURR, FINDS THE MATNREFLECTOR FOR & GIVEN A,

THE X¢Y CO=0OROS, ARE SAVED IN XSAveYSAVeYDRSAV IF XYPRFLEO
OTHERWISE RFSULTS ARE PRINTED AS THEY ARE CALCULATED

AS wWAS DONE IN NAR

EXTERNAL DERIV

COMMON/DERARG/AeC2yVARTH) +DERCUY+EUCI) vEL(3) e TEMPS LAY
COMMDNZAFTER/XSAVIL004) 2 YSAV(I008) ¢ YDRSAVCIOOH) yNODeFNOD
COMMON/FDRGDT/ZXMAX s YD o XMIN
COMMDN/CPUOST/RADIICOU) v RPRCIDUVA) ¢ THRPRILOO04) ¢ THECLIOOUY v CePeMULT
COMMON TTABLEL200¢8)Y+HEADLI(20)HEAD2(20)Y+HEADIC(20)sPAGE +LINE
CO4MON JIMAX 2 JO«JINYICLvTC2vRO L ¢ THEMAX

EQUIVALENCE (XeVAR(I))sCTHETAIVARC2I I oY VAR(IYIs(ReVAR(UI )
X(HyDERC1)) ¢ (THETAPDERCPII e (YPIDER(II I (RPsDERCU)Y

INTEGER XYPRFY
DIMFNSTON KOC2) 1 YNWORK(2)2DTHORK(I012)2EP(2)

SET INITIAL CONDITIONS FOR INTEGRATION OF DIFFERENTIAL ERUATIONS

CFMUL TR 0/8ULT

A=aN

HMAXZ , UN8F THEMAXRFMULT

HMINS 000004 THEMAXRFMULT
XZgMAX

Y=v(

THETASTHEMAYX
THETOPS , QO 2k THEMARKFMUL T

k=g

CaLl DERIV

How BOUSTHEMAXFFEMULT

NEGQ=2

K i

ER(1)IR),.ExS

DELTX2m ODHF{XMARmYMIN)®FMULT
XNEW=XMAX

CALL THOFX{XNEWHDELTX s THEXXX)
DELTSTHENXXwTHETA
MXSTEPSF000%MULT
TFINALE~THEMAYX v
CALL SVDO(NEQs THETA+VARC3)sDERLZ) 1KDsEP»IFLAGY
s HYHMINGHMAX ¢ DEL T+ TFINAL o MXSTEPIKSTEP KEMAX y
LEMAXtRQy YNWORKDTHORK)

NOD=O

IRCUT=0

DrR102030
DR102040

DR102050

DR102080
pDR102070
DR10208D

DR1020%0

DRivEYOO
DRi102110
DRiDZ2120

DRiova14o

OR102160
pRI1UZL70
DR102580
DR10219¢
DR102200
DR1O2Z210
pRIO2220

DR102230
DR102240
DR102250
DR10226(
DR102290
DR10230¢
PR102310

DR10232¢
DR102330

DRi02420
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A-10

GOTO 212

INTEGRATION LOOP

oo 0

20 XNFW=XNEW+DELTY
CALL DERIV
CALL PHI(THETAYPHIA)
TEMP=YwR¥SIN(THETA)
BETASATANS(TEMR4Y+R*COSCTHETAI=A)
IFt(ABS(BETAY GE..0001) Ci=R+PHIA+ TEMP;SIN(BETAJ + ¥
IFCARS{BETA) ¢LFaa0001) C1=2,%¥R¢PHIA+2 ¥V w4
THETAR=G7 ,295 77958 THETA
BETAD=ST. 295779%#BETA
c SAVE _
NODENDDHE
X¥8AVINODI=Y
YSAVINQD)EBY
YDRSAV(NOD}2YP¥THETAP
DYDX=YDRSAVINOD)
DELX=XaXSAV{(NOD=1}
DFLY=¥uYSAV€NQD-1)
TANG=DELY/DELX
IF(NOD,ER,1) TANG=0,D
IF (XYPRFL) 200+210+200
c FIND YAAS AND EX AND PRINT EvERYTHING.
200 CALL YN{XsYNOM)
201 . YAAS=YNOM4R
202 CaLl NORMER(NODsEXeH)
c S5avE RESULTS FOR POSTPR
THE(NODISTHETAD
RAD(NODI=R
THPR(NDD)=THETAR _
RPRINOD)=RPXTHETAP _
ol PUNEM REBULTS TF P IS NDT ZERD,

1P= P
c IF(IPLER2)

[ XPUNCH 2030¢NODsXeYoBETAIDYDX e YNOMsYAASVEX
C2030 FORMAT(Ii10¢ 7F10,.5)
IF(IP.GEL2) PUNCH 2020+ X|YcTHETADquBETA09YAAS;Ex
€ ALSO PUNCH PSEUDO=PARABDLA DN FILE 20
IF(IP.BEs2) WRITE(2042020) XeYeTHETAD'RyBETADIYAARIEX
2020 FORMAT (TF1in.4)
203  IF{NOD.E@.1) CaALL PR(1)
IPRINT= O
IF(NODWLEal10,0R ((NOD/NSKIP)¥NSKIPLEQ,NOD)) IPRINTS 1 .
. IF(IPRINT.EQ,.1) WRITE(6s2%) XthTHETADth01 BETAD, YAASoEX
+  yDYDX+TANG+BETA
21 FORMAT( BF10.4¢10X¢3F10.5)
210 IF{THETA,LE.=THSTOP) GDTO 25
IF (XNEW.LT,S*0EL TX+XMIN) GOTO 25
IF(ANEWLLT A XMIN® JS#DELTX) XNEWSXMIN
CALL THOEXCXNMEwy THENEW)
DELTSTHENEW=THETA
211 CALL svp@i
C - IF(THETA,GE.0,) GUTD E!E
c WRITE(6s2115) THETA ' -
C2115 FORMAT(!) ¥%¥XTHETA oLTa Oer INTEGRATION TERMINATEDwsa!sEL5.46)

DR102450
DR102460
DR1£2470

DR1vES00
DR{02S10
DR102520

DRIO&S40
0R102550
DR1D256I
pR102570
DR102580

‘DR10259¢

DR102600

‘ODR102601

DR102602
DR102603
DR102604
DR102610
DR102820
DR102630
DR1026AD
DR1{02650
DR102660
DR102670
DR102680

DR1026Y0
DR102700

DR10ET710
DR10&711
DR102712
DR102713
DRIO2T714
DR1027240

NR102730

DR10275t

DR1Q2740

I W S
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GOTO 25
212 GOTO(410+s4109500+500+500¢46094709s480)¢IFLAG
410 CALL DERILV

IF(THETA,LT.4002) WRITE(H+4101) VAR+DER

C4101 FORMAT(! VAR=!1¢4E1647/! DER=V94E16.7//)

(oo Nn e Re Ny

60T0 211

460 WRITE(beU845) KEMAX+EMAXWEPRP(1)

465 FORMAT(! INTEGRATORy IFLAGERG&s KEMAXET+Jie! EMAXZI4EL12.5/
e! EP(1)=14EL12,5s) EP(1) WILL BE DOUBLED AGAIN,,.'/)
EP(1)x2,%EP(1)
6aT0 211

470 CONTINUE
IHCUT=IHCUT+1
HMINXHMINX 5
WRITE(S69475) THCUTHMIN

475 FORMAT(! INTEGRATORy IFLAGET7y FOR THE '9I2¢!TH TIME STEP!/
«! HMIN HAS BEEN CUT YO PRESERYE DESIRED ACCURACY HMINZI14E12,5/)
IF(IHCUT.GEL10) STOP FLAGY

TFCTHETA.LT+2002) WRITE(Ay4101) VARyDER
G070 21%
480 STOP FLAGS
500 CONTINUE
GOTO 20 : d$'§§
25 FNoD=NOD -0 DRIO2BTO
RETURN nggw DR102880
END | S <O DR102850
0‘?
SURROUTINE CTHOC{XMAXsXMINYC2)
DR105170
THIS SUBRDUTINE COMPUTES THE DEFINITE INTEGRAL CALLED (2. THE DR105180
METHOD USED 18 THE TRAPEZOIDAL RULE, THE INTEGRAND IS BR105190
FCTHETAYSINCTHETAYDTHETA AND THE LIMITS ARE DR10OS200
FROM THETARTHETAL TO THETA MAX, DR105210
. DR105220
COMMON TTABLEC200s8) yHEAD1 (203 +HEADR2(20) yHEAD3(20) ¢PAGE¢LINE DR105230
COMMON JMAXsJOeJINeIC1sIC2vROYWL s THEMAX DR105240

DIMENSION CTAB(200)
DOYBLE PRECISION CTHI!CTHIH!STHIoSTHIHvDTHI DTHIH!DTH!DFTH!CCTHI

DOUBLE PRECISION XSQeXMINSQ




19

17

20

600

21

g2

23

1000

A=12

IMINEREYHIN®XZ

C_Z::U-

CTAB(1)=20,

DO 20 Ix2+JIN
IF(TTABLECTe1)=1HEMAX) 19-21;21
IMzie1

THI®TTABLEC(I¢1)
THIMETTABLECIMy )
FTHI®TTABLE(T16)
FTHIMRTTASLE(IM&)

ABSIGN 17 TO IFROM -

GOTO 1000

C2alP+FAC

CTAB(I}=C2

~ICPMAXET

CONTINUE _
HRITE(ByB00) THEMAXsTTABLE(JINGE)

FORMAT(//! SRCTWO ERRDR! THEMAXBIyE15,7 ¢!

+E15.T7//7)

STOP C2ERR

CALL FPAT(THEHAvaTHIQZ)

IMxIM+ i

FTHIMETTABLE (IMe6)

THIZETHEMAY

THIMETTABLE(IMs1)

ASSIGN 22 TO IFROM

GOTO 1000

C2xC24FAC

IC2MAXRTIC2MAX+]

CTABL{IC2MAX)XC2

C2ng, *CE/(XHAK**E-XMINBG]
WRITE(6y23) C2 - :
FORMAT(///! TRUE €2 = lvElS;T/!//)
RETURN

DTHI®RTHY

DTHIMETHIM

DTHEDTHI=DTHIM

" IF(DTH.EQ,0.D0) FACXOQ,
. IF(DTH,EQ,0,D0) GOTO IFRDM
DFTHRFTHI=FTHIM

oan

CTHI®DCOS (DTHI)
STHIXDSIN(DTHI)
CTHIM®DCOS (DTHIM)
STHIMEDSIN(DTHIM) -
SCTHIXSTHI=DTHIXCTHI
SCTHIMESTHIMaDTHIMKCTHIM
CCTHIZCTHIMeCTHI

FACR(FTHIM=THIMYDFTH/DTH)XCCTHI+ -

o (DFTH/DTH) ¥ (SCTHI=SCTHIM)
ENT0 IFROM
ENTRY XOF TH(X+THETA)

FINDS X AS A FUNCTION OF THETA -

: THl?THETA

DTHRTTABLE(2v1)=TTABLECLs1)

TTABLECJIsr1)mly

brio5250




1020
1030
10490

1050

1060

OO0

1090

1100
1110
c

c11i1

A-13 '

JFCTHETA+LT o0 eDR THETALGT+ THEMAX) STOP THEERR
NTHETR2(THETATTABLEC(L+1))/DTH*+E,

GOTO 1030

NTHETENTHETw1

IF(THETA«TTABLE(NTHEYy1)) 1020+1040¢1040
IFCTHETASLTTTABLECNTHET+194)) GOTO 1050
NTHETRNTHET+1

GOTD 1030

THIMxTTABLECNTHET 1)

CALL FPAT(THI'FTHI»Z)

ASSIGN 1060 TO IFROM

GOTO 1000

XXDSORT (2, % (CTARINTHETI+FAC)Y/CR+XMINSG)
IF(XaBT e XMAX) XTUMAY

IF(XalTeXMIN) XxXMIN

RETURN

ENTRY THOFX{XeTHETA)

FINDS THETA AS A FUNCTION OF X

XSA=X*kX :

SMALLX® 007 4XMIN

XCNVRG®,0001%
IF(SMALLY oL TaXaAND X LT« XMAX) GQTO 1090
.IF(leEanINJ THETARO-

IF(XBEXMAX) THETAZTHEMAX
IF(XoLE,SMALLX) THETA=DSORT((XSR=XMINSQ)*C2/TTABLF(1+6))
RETURN

ITR=0

ITRMAY=100

XiolLb=0,

KERR=L ,EmT

CTARX=(XSQwYMINSQI%C2% .5

IF(CTABX 4GTLCTAR{ICZ2MAX)) CTABX=CTABIICE2MAX)
DO 1100 T=2+TC2MAX

IFICTABX.BT.CTABCI)) BOTHD 1§00

INDXRIT

GOTO 1110

CONTINUE

IM=INDXe]

WRITECLOy1111) INDXsIM

FORMAT(! *%%TNDXsTM=!4218)
THIM=TTABLEC(IMe 1)

FTHIM=TTABLEC(IMsS)

XIM=SQRT(SXCTABC(IM) /C2+XMINSR)

CTHINSTHIM

1120

o
c1121
C.

c
c1i2

THIP=TTABLECINDY Y1)

IFCINDX EQ,IC2MAX) THIP=THEMAX
XIP=SQRT(2,#%CTARCINDX) /C2+XMINSQ)
DISTE(XmXIM)/(XIP=XIM)

THI=THIN+ (THIP=THIN)*DIST

WRITE(6s1121) ITRW DISTfFAC:XIMvXIPv!I THINYTHIPs THI
FORMAT(! *¥%xITRyDISTyFACeXIMyXIP¢XTs THINsTHIPyTHI=!/
I UELIS 6/UX4ELS . 6)

CALL FPAT{THI«FTHT+Z)

WRITECH11122) TTReTHISFTHIrTHIMyFTHIM

FORMAT(1 #¥%¥JTRyTHIvFTHI o THIMyFTHIMI 1 /TU 4EL1S.6&/)

i e e s e e e e ol gl
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ASSIGN 1130 TO IFROM
GOTO 1000
1130 XJaSART(2,5(CTAR(IM)+FAC)/C2+XMINSQ)
WRITE(GOs1123) ITReXI+FACITHIFTHIZTHIMIFTHIM
1123 FORMAT(! 2% TTRyXIeFACe THICFTHITHIMyFTHIME! /TUsbELI2.5/)
ITREITR+1
IF(ITR,GT,ITRMAX) GOTO 1170
XIoLD=Xx]I
IF((XeX]) GT , XERR®YX ,AND,(X*X]) GT ., XCNVRG) GOTO 1150
IF((XmXT) o LT uoXERREX ,AND(XwXI) LTo=XCNVRG) GOTO 1160
THETAZTHI
RETURN
1150 xImmxl
THINETHI]
GOYO 1120
1160 XIp=X]
THIPETH]
GOTO 1120
1170 WRITEC(H+1180) TTReXeXIeXIOLDeXERR
1180 FORMAT(/! CTWOs ITR EXCEEDS ITRMAXs ITRyXeXIeXIOLDe¢XERR=!/
1B UELS,.T7/)
THETASTH]
IF(XIOLDLEQeXI) RETURN
S8TOP CR2ERR
END

SUBROUTINE PHI(THETAWPHIA)

THIS SUBROUTINE COMPUTES PHI(THETA)
BY LINEAR INTERPOLATION,

COMMON TTABLE(200+8)yHEAD]1(20)+HEAD2(20) +HEAD3(20)+PAGEsLINE
COMMON JMAXeJOeJINIICIoIC29ROWWL o THEMAX

IF(THETA=TTABLEC191)) 14343
WRITE(642) THETA

FORMAT(20H1 THETA OUT OF RANGEF10,4)

CALL EXIT :

IF(THETA=THEMAX) doldyd

DO 5 IsisJIN

IF(THETA=TTABLE(I+1))5e606

CONTINUE

GO TO0 1
PHIARC(THETA=TTABLE(I11))/(TTABLECI+1+1)eTTABLE(Io1)))*
XCTTABLECI#197)=TTABLECI+7))+TTABLECIs7)

RETURN

END

i e w N ==

o

DR104940
DR104§50
DR104960
DR104970
DR10U4980O
DR104990
DR105000
DR10S010
DR105020
DR105030
DR105040
DR105S050
DR105060
DR10S070
DR105080
DR105090
DR105100
DR105110
DR105120
DR105130
ODR105140
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SUBROUTINE FPAT(A+UrY)

THIS SUBROUTINE COMPUTES+AS FUNCTIONS OF THETAs
fe THE PATTERN FUNCTIONsUxF(TRETA)¢AND
2+ THE PHASE FUNCTION DERIVATIVEev2PHI PRIME(THETA)
BY LINEAR INTERPOLATICN

COMMON TTABLEC(200¢8)sHEADL{(20) +HEADZ2{20)HEADI(20)PAGE+LINE

COMMDN JMAX o JO¢ JINeICIyIC2+ROsWL e THEMAX

IF(A,GE,TTABLEC11))60 TO 2

WRITECHr10)4

CALL EXIT |

IF¢A,LE, THEMAX)GO TO 4

WRITE(6y1134A

CALL EXIT

DO 5 IxieJIN

IF(ALLE,TTABLE(CIv1)) GO TO &

CONTINUE

GO T0 3

IF(AJNE,TTABLE(I+1))G0 TO 7

UETTABLE(Iv6)

VXTTABLE(IyS)

RETURN

TEMP= (AwTTABLEC(T=111))/CTTABLE(Iv1)wTTABLE(Ints1))
Uz TEMP*(TTABLE(I+6)wTTABLECIwlob) )4 TTABLE(Inl16)
VETEMP¥(TTABLE(I+8)mTTABLE(Imis8) )4TTABLECIm118)
RETURN

FORMAT(1H1 16HTHETA TOO SMALL 1F10,6)

FORMAT(IH1 16HTHETA TOO BIGyF10,4)

END

- SUBROUTINE AOPT(AYDELTAySAVEArSAVRMSySAVEBsSAVMAX ¢SAVMINy SAYMXX

XSAVMXY!SAVHNX:SAVHNY!RTRNFL?

DR104620
DR104630
DR104640
DR104650
DR104&40
DR1046T0
DR 04680
DR104690
DR104T00
DR104T10
DR104720
DR104730
DR104740
DR104750
DR104760
DR104770
DR104TBO
DR104THO
DR104800
DR104810
DR104820
DR104830

' DR104840

DR104B%S0’
DR104B&0
DR104BTO,
DRIO4BEO
DRIOA4SSO ]
DR104900
PRYNAGLD ]

DR1029%¢C
DRiDZS3(

THIS ROUTINE FINDS THAT VALUE UF A+NEDELTA FDR NHICH THE RMS ERRORDR1O0294(

I3 AT A LOCAL MINIMUM,
COMPARED WITH YNOMINAL,

NOTE} RMS IS ROUT=~MEAN=SGQUARE ERROR WHEN

DR10295¢
DR1029&(

DELTA IS8 ADDED YO OR SUBTRACTED FROM A IN THE DIRECTION OF DECREA=~DRIOZ97(

SING RHS,
AS THE BEST VALUE OF A,

COMMON/AFTER/XSAVC1004) s YSAVCE004) ¢ YDRSAVC1004) yNODSFNTD -

INTEGER RTRNFL
REAL NDRMAXyNORMIN

WRITE COLUMN HEADER,
CALL PR(=1)

ONCE RMS INCREASESY THE PREVIQUS VALUE OF A IS RETURNEDDR10298B(:

DR10299C,
DR10300(
DR1030%¢C,

DRIOSOSL
DR10Z0UC!

DR10305¢

DR10306C
DR10307C,

DR10308(
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HRITE (6v1) : PRI03090
1 FORMAT (83M A RMS ERROR B SHIFT MAX NORH MIN NORH MADR103100
XX ¢O=0RDS MIN CO=0RDS ) pDR103110
DR103120

SET UP FOR FIRST YOFX CALL DRi03130
DR103140

ATRY®A DR103150
CALL YOFX(O0+ATRY+0,sNSKIP) DR103160
FIND ALL ASSOCIATED ERRORS AND THE B SHIFT. DR103170
CaLlL RMSB(B) PR103180
CALL RMSERR(B#RMS) DR103190
CALL MAXMIN{NORMAXyNORMINeMAXTyMINI#B) DR10Q3200
SAVE EVERYTHING IN CASE THIS A IS OPTIMUM, DR103210
SAYMXXEXSAVIMAXYT) DR103220
SAVMXY=YSAVMAXI) DR103%230
- SAVMNX=XSAVIMIND) DR103240
SAYMNYZYSAVIMINT) DR103250
SAVEARATRY DR103260
SAVEB=B DR103270
SAVRMSERMS ~ DR103280
SAVMAX=NORMAX DR103290
SAYMINSNORMIN DR103300
PRINT ALL DATA THIS A, AsRMSeB, NORMAXcNDRMIN,MAX AND MIN CO~ORDSDR$03310
CALL PR(=1) DR103320
WRITE (642) ATRY.RMS ¢eBeNORMAX yNORMIN s XSAVIMAXTI) s YSAVIMAXT) ¢ DR103330
XXSAVIMINI) s YSAV(MINT) DR103340
2 FORMAT (1H «SF1D,494F8.2) DR103350
} ' DR103360
SET UP FOR SECOND CALL TO YOFX WITH A+DELTA, DR103370
DR1IQ3380

ATRY=A+DELTA PR103390
CALL YOFX(O0+ATRY D, oNSKIP) DR1O3400
FIND ALL ASSUOCIATED ERRORS anND g DR103410
CALL RMSBIB) DR103420
CALL RMSERR(ByRMS) DR103430
CALL MAXMIN(NORMAXINODORMIN¢MAXIeMINT B} DRi03440

PRINT DATA THIS TRY,
WRITE (622) ATRY+RMS
X(MINTIsYSAVIMINT)

FIND DIRFCTION OF CURVE A VS,

AiRMS,By

NORMAX s NORMINsMAX AND MIN CO~0ORDS, DRLO03450

¢ By NORMAX s NORMIN s XSAVIMAXTI) ¢ YSAV(MAXT) ¢ XSAVDR1G3 460

RMS,

PROCEER WITH LOOP BY INCREMENw

TING A IN DIRECTION OF DECREASING RMS ERROR.
STOP LOOP WHEN RMS ERROR STARTS INCREASING == THIS MEANS OPTIMUM

A HWAS BEEN FOUND

SET UP L0OOP INDEX
Fiz3,

TEST FOR DIRECTION OF DECREASING RMS ERPDR-
IF (RMS,GT,S5AVRMS) GO.TO 4 :

INCREASE A 70 DFCREASE WMS ERROR

IFLAG=1

SAVE NEW SET UF NATA AND ERRORS

SAVEASATRY
SAVER=H
SAVRMSZRMS
SAVMAXZNORMAX
SAVMINSNORMIN

DR103470
QR{03480
DR1034%0
DR10350D
DR103510
DR103520
DR103530
DR103540
DR103550
DRi1032560
DR103570
DR103580
DR103590
DR103600
DR1034&10
DR103620
DR103630
DR103640
DR103650
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SAVMXXEXYSAVIMANT)
SAVMXYRYSAVIMAXT)
SAVHMNXRYSAVIMINT)
SAYMNYEYSAVIMINIY
INCREMENT & -
ATRYRA+(FIwl )¥DELTA

GO TO &

A-17

DECREASE A TO DECREASE RMS ERROR.

CIFLAG=0

INCREMENT A~
ATRY®Aw(FIw2 J¥DELTA
FIND CURVE
CALL YOFX(0eATRY10,eNSKIP)

CALCULATE AND PRTNT THE ERRORS AND B
CALL RMS3B(R)

CALL RMSERR(BsRHME)

CALL MAXMINC(NORMAX+NORMINeMAXIoMINIIB)

FOR ATRY

DR103660
DR103670
DR103680
DR103690
DR103700
DR103710
DR103720
DR103730
DR103740

DR103750

DR102760
DRI1CG3T770
DRi03780

DR{03790

DR103800
DR103810
DRIOZB20

WRITE (6e2) ATRY+RMS¢ByNORMAX¢NORMINGXSAV{MAXI) ¢+ YSAV{MAXI) ¢ XSAV(MIDR103830

XNIJVYSAV(HINIJ
INCREMENT FI FOR LOOP

FI=xFT+1,

I8 FI 700 LARGE
IF (FI,67,20,) GO TO 8

DR103840
DR103850
DR103B&0
DRIO3BYO
PR103BAO

HAS THE OPTIMUM A BEEN PASSEDes ARE THE RMS ERRORS INCREASING AGAINDR103890

IF (RMS.GT.S5AVRMSY GO TO 7
SAVE THE NEW FRRORSvA«8
SAVEAXATRY

SAVEB=B

SAVRMG®RRME

SAYMAX2NORMAX

SAVHINEZNORMIN

SAYMYXRXSAV(MAYT)

SAVMNYRYSBAV(MAXT)

SAVMNY2XSAVIMINTI)

SAVMNYXYSAVIMINI)

G0 Y0 3 70 INCREAS A+ GO TO 5 TO DECREASE Ax
IF (IFLAG) 3¢Se3

ABEST HASB BEEN FOUNDSET RETURN FLAG

RTRNFLu!
60 TD 10

ERROR ww NO UPTIMUH A FDUND AFTER ED INCREHENTS

B WRITE (619).

Q FORMAT (&69H ND OPTIMUM A FOUND AFTER 20 INCHEHENTS!CUNTINUE WITH
XNEXT ANDMINAL .Y

SET FLAG FOR RETURN

RTRNFL=OQ

10 RETURN

fEND -

DR103900
DR103910
DR103920

DR103930 -

DR103940
DR103950
DRi039&0
DR103I970
DR10X980
DR103990
DR104000O
DRio4010
DR10&020
DR104030
DR104040

DR{0#0S0 -
DR104060

RR104070
DR104080

DR10409Q -

DRIOAIOO

DRio411D

DR104120
DR104130
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SUBROUTINE PR{SW)
SURHOUYINE PR({Sw)
TH1S SUBROUTINE PRINTS MAINWEADER AND PAGE NUMBER FOR EACH PAGE
ALSO PRINTS ASEARCH HEADER IF Swzel OR +1
AND PRINTS COLUMN HEADER IF SWzel
TO BE EMTERED J TIMES HEFORE A BLOCK OF J LINES ARE TO
BE PRINT

COMMON TTABLE(200+8)+HEADLI(20) +HEAD2(20) s HEAD3(20) 9 PAGE+LINE
COMMON JMAX e JOeJINeTC1eIC2oROFWL I THEMAY
INTEGER SWyPAGE

LINEZLINE+1
LEMODILINE ¢50)
IF(L.EQ.,1) GO TO 1
10 RETURN
{ PAGFSPAGE+1
WRITE(Ae2)HEADI +FPAGE
2 FORMAT(1H {2044 8H PAGE +13)
WRITE(H:3)
3 FORMAT(IHO)Y
LINEZLINE+2
IF (SW) 30010030
30 WRITE (6¢31) HWEADD:
31 FORMAT (1HOe2044//)
LINEELINE+3
IF (Swel) 441044
4 WRITE(S6¢2000)

2000 FORMAT(///7)

WRITE(645)

OR105700
DR105710
DR105720
DR105730
DRIOSTHO
DR10S750
DR10OG760
DR105770
DR105780
DR10O5790
DR105800
GR105810
DR1OS820
DR105830
DR10S84C
DR10S85C
DR10%586C
DR10587¢C
DR10588(
DR1053%(
PR10S90¢
DR10591¢

DRi0592¢

DR10593!

DR10S941

DR10595:

5 FORMAT (80H X(INCH) Y(INCH) THETACDEG) RADIUSCINCH) C1CINCH) BETA(DRIOSIT!

XDEG) YAASCINCH) EMNCINCH))
WRITE(646)
& FORMAT(IH )
LINEZLINE+3
RETURN
END

SURROUTINE RMSERR(BeRMS)

THIS SUBROUTINE FINDS THE NORMA| ROOT MEAN SQUARE DIFFERENCE
BETWEEN Y(X) AND YN{X}+B

COMMON/AFTER/XSAV(1004)sYSAV(1004)+sYORBAV(1004) 4NODyFNOD

RMS=0,
DO { I=teNOD
- CALL NORMERC(CI4EXR)
1 RMS=ZRMS¢EX#*%p
RMS=SQRT(RMS/FNOD)
RETURN
END

DR10598¢
DR10599¢
DR10600(
DR1060L(C
DRiO&02(
DR10HOSC

DR106320
DR106330
DR106340

DR1063S0|

DR10&360

DR10E380
DR106390
DR1064OO
DR1064LO

DR106420
DREQBUIO
DR1G6U4O

DR106450
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~ SUBROUTINE HAXMINCINORMAXeNORMINGMAXTI+MINI«B)

A-19

DR106680

THIS SUBROUTINE FINDS THE MAXIMUM POSITIVE AND NEGATIVE NORMAL DR1Q6L70;
DISTANCES FROM YNC¥) THAT Y(X) ATTAINS AND THE COORDINATES ON Y{X)DR106700

e el el

AT THESE MAXIMUM DISTANCES. DRiO06T7LO
: : DR106TRO:
COMMON/ZAFTER/XSAVI1004Y s YSAVE1004) s YORSAVCLI00AY +NODFNOD
. DR106T4U0
REAL NORMAXyNORMIN DR10&750
DENOMRO, DR106T&0
FIMD THE SORMAL DIFFERENCE AT X(1), DR10GTTO
CALL NDRMERC{+EXt¢B} DR106780
INTTIALIZE NORMAXyNORMINYMAXTTMINT DR10&790l
NORMAX=EX DR106BOC
NORMINZEX DR10&8BLO
MINT=1 DR106820
MAXT= , DR106830
’ DR106840
DD LOOP TG FIND MAXIMUMS, DR} 06850
DR10&BAD
DO 1 I=xtieNOD DR10657W
CALL NORMERCI(EXeB) DR10688O
IF (EX.GT.NORMAX) GO TO 2 DR10689Q
IF (EX.GT.NORMIN) GD TO 1 DR10&6TCO
NUORMINSER DR1069L0
MINI=T DR106920
G0 TO § DR1069%0
- NORMAX=ZEX DR1QAGT40
MAYIxI DR106950
CONTINUE DR1D6560
RE TURN DR1069T0
END ' DR106980!
SUBROUTIME RMSB(B) 1
: DR106480!
FINDS QPTIMUM SKIFT By SUCH THAT THE NORMAL RMS DEVIATION IS LEASTDR106490;
DR!Obsoo‘
_ _ : - DR1Q&510!
COMMON/ZAFRTER/XSAVC1004) s YSAV(LI004) s YDRSAVCI004) ¢ NODFNOD |
COMMON/ALWAYS/XNMAX s YNMAX DR106530]
DR106540!
DENOM=(, DR10&550]
BNUMS0, DR106560,
DO § Ix=1.NOD DR1065T0!
CALL YN{XSiV(II)sYNOM) - ' DR&O&BBDi
YNPRIZw2, KYNMAX¥XSAV (L) /XNMAXH¥D . DR106590*
FX=SURT(1FYNPRI¥%2) /(1. +YNPRI¥YDREAV(T)) - ' SR " DR106600]
BNUM=BNUME (YSAV(T)=YNOM)¥FXkk2 - DRiObblo,
DENOMZDENGM+F X+ %2 . - ' DR10&S620
B=BNUM/DENOM - . _ ) _ ~ DR106630:
RETURN . S : . C ' ' " DRID&GLO
END : o DRI06OB0
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SUBROUTINE CONST

THIS SUBRROUTINE CONSTRUCTS THE 3 FUNCTIONS
FCTHETA)yPHICTHETA) s AND PHI PRIME (THETA)
FROM THE INPUT DATAs AS WELL AS TRANSFORMING THE INPUT
TO THE PROPER UNITS,

COMMON TTARLE(200+8) ¢HEAD1(20)yHEAD2(20) +HEADI(20) yPAGELINE
COMMON JHAX v JOoJIN+ICLoIC29ROP WL s THEMAX

DO 4 I=1sJIN

TTABLECI w1 )®TTABLE(I¢1)%,0174532925
IF(ICI)1vtlee

TEMPIR 102 {TTABLE(Iv23/20¢)
TEMPZR10,%%(TTARLE(TI24)/720.)
TTABLE(T»2)STEMPI

TTABLE(TI+4)XTEMP2

GO TO 3

TEMPI2TTABLELI2)

TEMPR2=TTABLE(Iq4)
TTABLECIe6)=(TEMPI%%2,+TEMP22%2 1/2,
IFCIC2,6T,.,0) 6O TO 35
TTABLE(T+3)ETTABLEC(T+3)%WL/360,
TTABLE(ToSY2LTTABLE(I +S)%NL/360,
TTABLECI+T)S(TTABLE(TI+3)+TTABLE(Iv5))/2,
GO TO 4

TTABLE(I7)=0C,

TTABLE(I+3)20,

TTABLE(TIs¢5)20,

CONTINUE

NOW TO COMPUTE PWI PRIME (TA4BLE OF DERIV.)
NOTE YELLweeswTHETA ASSUMMED TO BE EQUALLY SPACEDwme==

Us1,/(2,%¥(TTABLE(2+1)=TTABLE(1+82))
TTABLE($28)BU*(=TTABLE(3c7)+U4e*¥TTABLE(ZsT)w3 . FTTABLE(1:7))

TTABLECJINGB)ZUF (3, FTTABLEC(JIIN ¢ 7)ef H#TTABLE(JIN=197)+TTABLE

X(JIN=2¢7))

K3 JINw{

PO S I=2¢K
TTABLEC(IwB)2USC(TTABLECI+ 197} YTABLE(Iw1e7])
CONTINUE

RETURN

END

DR1DUI6O -

DR104170
pDR104180
BR104190
DR104200
DR104210
DR104220
DR104230
DR10U240
DR104250
DR104260
DR104270
DR104280
DR104290
DR104300
DR104310
DR10UZ20
DR1GE&3ZO
DR104340
DRE04Z50
DR$0&360
DR104ZTC
DR10438C
DR10439C
DR10440¢
DRL0441(
DRIOMYA(
DR104&L3(
PR10GGYC
DRE04USC
DR10446C
DR1044TC
DR1044BE
DR104490
DR104500
DR10US1Q
DR104520
DR$ 04530
DR104540
DR104550
PR10US6O
PR104570
DR1045

DR104590
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SUBROUTINE DERIV . |
SYSTEM OF 2 SIMULTANEOUS DIFFERENTIAL EQUATIONS
INDEPENDENT VARIABLE IS THETA
DEPENDENT VARIABLES ARE Y AND R

COMMON/DERARG/AYC2e VAR(U) +DERCA) +EUCIIvEL(3) 2 TEMPS(4Y)
COMMON TTABLEC200+8) vHEADL(20) sHEAD2(20)} vREADI(20)yPAGELINE
COMHMON JMAXsJOoJINoICLoIC29ROYRL e THEMAX

EQUIVALENCELXyVARCLI)) 9 CTHETASVARCE) s CYeVARIZ) Yo (RyVARCA) ) s
X(HeDER(1)) s {THETAPYDERCR) I o (YPsDER(SY) ¢ (RP+DERC4))

THESAVXTHETA

TERPESIN(THETA)

CALL XOFTH{X s THETA)
BETASATANZ (XwR¥TEMP Y+R¥COS(THETA)ImA)

CALL FPAT(THETAeFPATAIPHIPR)

YPFACX0, '

IF(X4LE««0003) YPFACYSARTITYABLE(le8)/C2)
IF(XeGTen0003) YPFACEFPATAUTEMP/(C2%X)

THETAP®R] ,E+10

IF(YFFAC.NE.O,) THETAPE!,/YPFAL
YPz=TAN(BETA/2.)*YPFAC
RPER¥TANC(BETA+THETA) /2, inFHIPR/ (1 +COBC(BETA2THETA))

THETARTHESAV

RETURN
END

SUBROUTINE NORMER(IsEX¢B)

THIS SUBROUTINE FINDS Ttk NORMAL DISTANCE FROM YN AT A POINT I ON

Yo

COMMON/AFTER/X8AV(1004) yYSAVIL004)sYDRIAV{I004) s NODsFNOD
COMMON/ALHAYS/MNMAXYYNBAX

CALL YNOXSAV(I)qsYNCH) '
YNPRIZXw2 FYNMAXKNSAVII) /XNMAK®ED
EXz (YSAV(I)=YNOH=B)
RETURN

END

-

CRIOS430
DR10S440
DR105450
DR1O5460

- DR105470

DR105480

S DRI05490

DR105500
DR105510
DRiOSG2¢C
DR10553¢C
PR10354C
DR10SS5C

DRIOSG6!

DREOESTC
DR105580
DR1055%90
DR105600
DR105B&20

DR10B&30
DR105&50
DR1056640

DR105670
DR§ 05680

DR106060
PR106070
DR1060E0
DR106090
DR106100

DR10&6120
DR106130
PR106140
DR106150

¥SQRTCYNPRIFYNPRI#12)/(1a+YDRSAV(I)R*YNPRIIDRIOG 16D

DRLOSLTE
“DRiOALE(

e e .
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SUBROUTINE POSTPR

THIS IS THE POST=PROCESSOR COMTROL SUBROUTINE,
AFTER PUNCHING THREE HEADER CARDSe DECKR2e+ DECK3e AND DECKA 4RE
CALLED TO PUNCH VARIOUS DECKS.

COMMON TTABLE(200¢8) yHEADL1(20) yHEAD2(20) +HEAD3(20) +PAGE +LINE
COMMON JHAXsJOs JINeICLeIC22RO e ML+ THEMAX

PUNCH {+HEADI¢+HEADR
FORMAT (20Ad)

CALL DECK2

RETURN

END

SUBRDUTINE DECK2

THIS SUBROUTINE IS CALLED By POSTPR TO'PUNCH 3 DECKS WITH 100
VALUES FACH WHERE ALL VALUES ARE FUNCTIONS OF THETA+ WHERE THETA
VARIES AS UNIFQRMLY AS PUSSIBLE OVER THE RANGE OwTHEMAX,

THE VALUES USED TO CALCULATE THE PUNCHMED VALUES ARE THE RESULTS
FROM THE FINAL INTEGRATION,

DEcK@l CONTAINS =1/R

DEcK22 CONTAINS RPR/(THEPR¥R¥*%2)

DECK23 CONTAINS THEBAR=PI-THETA

COMMON/AFTER/XSAV(1004) e YSAV(100U4)}sYDRSAV(I004) ¢ NOD+FNOD
COMMON/CPOST/RADCI004) yRPRI1004IyTHPR(100U) s THECL00UI 9 CoP o MULT

DIMENSION DECK21(370)+DECK22(100)+DECK23£100)

PI=3,1418927
PO 100 Ix=1{+100
IF(IXJLEL12) I=252=1IX

DR108910

‘DR108920

DR108930
DR108940
DR{08950
DR108%60
PR108970
DR108980
DR108990
DR109000
DR109010
DR109040
DR109050

QR109080
DR109050
DR109100
DRi09110
DR109120
DR109130
DR109140
PR1091S)
DR109160
DR1O9170

DR109200
DR109210



A=23

IF(IX.EQ,13) I=238

IF(IX-GEoiaoAND.IHuLEnB?) 132360'-3*‘(1'!-1“)

IF(IX.ER.88) I=15

IF(IX.EN.B9) I=t3

IFCIXGELS0) I=i0fe]X

IST¥MUL T (MULT=1)

DECK21(IX)sw! ,/RAD(])

DECK22(IX)=eRPRIII/(THPRIIIRRAD(I)#%2)
100 DECKR3(IX)SPI=THE(T}*,0174532925

PUNCH THE THREE DECKS AND RFTURN
ALSQ PUNCR PSEUDDeHYPERBOLA ON FILE 21

Yoy Oy 0y

PUNEH 2¢ (DECK2t{JIeJz 1100)
WRITF(2192) (DECK2ICJ)eJd= 1c100)
PUNCH 2¢ (DECK22({(J)sd= 1s100)
WRITE(2192) (DECKZ22(J)ede 14100)
PUNCH 2+ (DECKZ23CJ)eJds 14100
KRITE(21¢2) (DFCK23(JYedz 1.100)
WRYITE(B+200)
200 FORMAT(1IHML)
WRITEC6eR10) (DECK21(J)eJziv100)
WRITF(be210) (DECK22(J)eJ=1e100)
WRITE(&e210) (DECKZ3(J)odx=l,100)
210 FORMAT(I1XsE 15,80 1XeE1S.80iXeELS BoaiXsF1S.Be1XeEL5,8)
2 FORMAT (SE15,8)
RETURN
END

SURROUTINE YN(XsYNOM)

c
C THIS ROUTINE CALCULATES yn(Xx) (Y NOMINAL)
c
C
COMMON/ZALWAYS/XMMAX pYNMAY
£
YNOMEYNMAXR (] = (X/XNMAX)*%S)
RETURN
END

DR109600!
DR109610}

DR109620:

DR109640
DR109650 .

DR!O?&&O@

pRi0621D
DR106£20

DR106230
DR10n6240.
DR106250°
DR106260:
DRING2TO
DR10&6280

9

DR106290 °
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APPENDIX B

The Program for Phase Adjustment of'Scattered Pattern for Efficiency Calculations

Following is a listing of the prcgfam that performs the alterations of phase on
the subreflector scattered pattern so that it may be used with programs which
calculate the feed efficiency for paraboloids. Refer to figure 3-1 within the

test for a more complete description of the input parameters.

The "SHAPERPHASE" Program

5 PRGGRAM FOR PHASE *CORRECTIONY OF THE SCATTERED FIELDS FROM A SHAPED
SUB*REFLECTOR ~- TAKING QUT THE VARIATION FROM SHAPING BUT LEAVING IN
TACT THE KIPPLE FROGM PHYSICAL OPTICS. THIS IS DCNE FOR USING THE RESULT
IN THE EFFICIENCY PROGRAM WHICH ASSUMES A FARABOLA.

Ye Fo WILLIAMS+ [DICEMBERs 1977

-
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£@= FREGUENCY IN HMEGAHERTZ.

B= THE Y OJHENSIONs GIVEN AS A POSITIVE

NUMBER FROM THE ORIGINC BELOW REFLECTOR EDGEJ} TO THE SCATTERED PATTERN
PHASE CENTER®I«E«? THE QUASI-PARABOLOID FOCUS.
QUPPUT FOR THE EFFICIENCY PROGRAMs JHAX=THE NUMBER OF INPUT ANGLES OF

SCATTERED DATAe ICi=1s

SUHMR

CINPUT IN VOLTSa3
=0s09y NOT USED« BLK=Ds0¢ NOT USED

IPUNCH=0 FOR A PUMNCHED

Y{NY AND X(N) ARE THE COORDINATES OF THE MAIN SHAPED
REFLECTOR« BETA{NMN} IS THE ANGLE(DEGREES) BETWEEN THE
SUBREFLECTOR REFLECTED RAY AND THE REFLECTOR AXISe

ALL

DIMENSIONS IN INCHES £Be XINXs Y(N} )

INPUT PATTERN IN DEGREES{THETA)s VOLTS (ET AND HT)

AND

*

Oy Ut P G o

ETC

X¢
*

CEGREES PHASE (ETP AND HTPF)

*kkk % INPUT DECK**xa%+
FREGBs Be IPUNCH
TITLEL (10A4)
TITLE2 (20A4}
JMAX+IC1 (2I5)
SUMR#BLK (8F10 a5}
THETACJUY4ET(JYs ETP(J)e HTCJ)I» HTPUJ)s

* ek

N)s Y{N)e¢ BETACN)

ETC %%

(2F106a5+15)

(8F10a5)

#% PUNCHED OUTPUT =*%

1,
2
e
4e
Se
Ge

140

iceo

110

120

150

TITLEL
TETLE2
JHAX s ICL
SUMR ¢« BLK
TEETA(JY 2ET () 9ETP(JIeHT (J) s HTP (2

ek kETCHkwk

(1074}
(2044)
{215}

(BF1053

(E15.8v5XeF105)
(8F10.5)

DIMENSIGN THETA(721})s ETE721)s ETP(721)s HT(721)4 HTPI721}

DIMENSION X (1006)s YU1004)y BETALLDO4)
CIMENSION TITLEI(10)s TITLEZ2(201}
PI=3. 141392654
CONV=PIFf180.0
CINCH=11.8028526
READ(S5+140) FFPEGe Bs

FORMAT(2F10.5¢15)
READ (5.100) TITLEL
FGRMAT (10A4)
READ (S54110) TITLEZ2
FORMAT €2044)

READ (54120) JMAXs IC1

FORMAT (215}

READ (5+150) SUMRe BLK

FORMAT (E1S.845XeFlU0.5)

SUMR=0.0

WRITE(&+2593 TITLEL

FORMATC(1H1410A4%4e/)

WRITEC6¢2303 FREQs B

FORMAT(S5X ¢ 5HFREG=F10eD43Xe2HB=F1054 4}

IpunNCH
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IF(IPUNCHGT0) GO TO 20 ﬁi
PUNCH 100y TITLE1 Qgﬁ &b
PUNCH 11084 TITLER Qégv

" PUNCH 120 JMAXe IC1 ?§3 (ﬁk

PUNCH 1509 SUMRe BLK 3 <C'

20  CONTINUE
DO 5 J=1g JHAX
5 READ(S5s1303 THETACGJYETCJI+ETPCUY+HT(JI$HTP(J)
130 FORMAT(8F18e%)
N=1
1 READ(5+1604END=10) XN}y Y{N)y BETA(N}
160 FORMAT€2F 106 5420X9F10.53

KN=N+1
GO TO0 21
10 NMAX=HN-1

WYL=CINCH/FREG
THEONE= ATAN(K(I)/(B+Y(1))}
THEGNE=THEQRE /CONV
RESERTCIB4+Y (1)) #%2+X (12%%2}
HRITEC(G9240) Rg THEOMNEs NMAX
240 FORMATC(SX 92HR=F10454Xa10HTHETANMAXSF10544 o+ 5HNMAK=TSY
HRITE(64260)
260 FORMATCA /10X ¢ LHN e TR AHXC(N o1 0 KXot HY (NI 410K o THBETA(NY« /2
DO 30 N=1oNMAX
UYRITE(H92707 Ng XINYy Y(N}y BETA(N}
30 BETA(NISBETACNI*CONY
210 FORHAT(TKqIS13!,F10.515K9F10.595XqF10o5)
HRITEELG 9200
2060 FORMAT(/Z10¥s1484 INPUT PATTERN!ffl4X15HTHETﬁ912K92HET,12X¢3HETP:
*14Xe2HHT e 11 X9 3HHTP o £}
GO 15 J=1le¢ JHRAX
WRITE(E+210) THETA{J}e ET(d)qETP(J)sFTtJ)gHTP(d}
15 THETACJI=THETALJY*CONV
210 FORMATCLOXF10a549XF1Ca0¢GRNF105+8XF104545%F1045)
WRITE(E. 2202
220 FORMAT(/ /10X« 14HOUTPUT PATTERNS/ /X9 SHTHETASEXy2HET eI X9 IHE TPy
*GRe2HHTo BN e 3HHTPe TRe 1HN9 SR 2NN TXo THRETAIN) ¢ 6X o BHBETACNN I »
#*DX¥eIHBETAJe /)
THETAX=ATANCX(NMAXDI A CYCNMAXY+ED)
J=1
G5 IF(THETA(J).CT.THETAX) 60 TG 108
J=J+l
G0 TO 95
105 JSAVE=d
NEX=SNMAX-1
85 DO 35 N=hMAels-l
THETANSATANCX(NI /LY (N)+D})
IFCTHETANSETSTHETACJIY G0 TO 25
¢ TG 25

25 NN=N+1 _ ' ' o

THETNN=ATANCXANN) /CY CMNY +BY )

YEN=Y (NY+E _ ‘
FNZCYEN+SARTEX(NY #X (M) +YBN*YENYII /240
YENNZY (NNDI+B ,

FAN= CYBNM+SQRTOXCNN) *XCNNI+YENN*YBNNIY /240
TK=CTHETAN=THETACJY) A THE TAN-THE TNN)
FU=FN=-{{FN=FNN)I*TK)

s g ati .
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27

HJSFU/(COStTHETACJIF2:0)%42)
YJI=HJU*COS(CTHETA(D) ) ~-B
KUEHJ=SINITHETALY))

BETRU=BETA(NY—CTHETAN-THETACJI}*(BETAINI~EETA(NNYI I/ CTHETAN-THETNN)

B3 26 I=1q¢dMAX
IF(BETAJLT«THETA{I}YY GO TO 27
CONTINUE
I1=I-1
FRAC=(BETAJ-THETAC(II)}FETHETALII-THETACII})
ET{JI=ETCTIY+FRACA(ETEIY-ETCII))
HTCJY=HTCTIIY+FRAC*{HTLI)~HTCII))
IFCETP(II Yol TaDe B o ANDQETP LI «GTa0a0) ETPCIIIZETPCITI)+36040
IFCHTPUII Yol TeO0e0 «ARDeHTP (I YoGTa0eB)Y HTPCIII=HTP(II)+360aD
ETPOJICETPCILI+FRAC*(ETPEXX-ETP(II))
HTPLJY=HTPET IY+FRAC* (HTPCIY~HTPLII}}
IFCETP(JYab6Tal80e0Y FTPCJI=ETPEU)~36D0
IF(HTP (J) o6 Tw18060) HTPCJI=HTP{J}~26040
ZU=R+YJ=-XJ/TANCBETAY)
DELR=R=XJFSINI(BETAJI~ZJ*COS{BETAL)
DELD=DELR~-YJ
DELLAM=DELDAWVL
K=OELLAM
DELDEG=¢DELLAM=K)*360a0
ETPCJI=ETP(J)+DELDEG
HTRP(JI=HTPLJI+DELDEG
IFtETP{UY oL Te=18040) ETPC(JI=SETP(JI+36060
ITF{HTP(JY sLTe~180a0) HTREN SHTP{UI+360.0
IFCETPCY) oCT alB040) ETPEUI=ZETPEUY 36040
IFHTPEUY «GT «180.0) HTP(JI=HTP{J)I-360.0
THETA(JY=THETA{J}/CONY
BETA(MNI=BETACNYFCONY
BETACNNY=BETACNN} /CONY
BETAJ=BETAJ/CONV
IFEJel TaJSAVE.OR.JaGTLJSAVEY GO TO &7
MM=JySavVE-1
DO 65 M=1.M#
ETRPIMYZCTPOJSAVE)
HTP{M}=HTP(JSAVE}
THETA(MI=THETAC(H)Y CONY
HRITE{Ag290) THETA(MISET(VM)sETP{MIJHTIM) sHTRP (M)
IFLIPUMCH«GT0)Y G0 TO &5
PUNCH 130¢ THETAEM) wETCM)eETPIMIsHT(MISHTP (M}

o

e et d kAt a . k. L ale ek .

£5 THETA(HMIZ=THETA(MI xCONYV
67 WRITE(642B03THETAEJI ET(UISETPEUI e HTIJYsHTP{JIgNsNNe
*BETACN)sRETAENNIBETAY
280 FURMATfQYqFlQusqlXvF1505§3X1F10a5q1XqFlO;5g2X1F18n5&2X;I#9
*2He TG 93X Fl0.593%¢F10,543%3F10.51
IF (IPUNCH.GT.0) GO TO 55
PUNCH 1309 THETAC(J) oF T{JIgETPLUI«HT(JX e TP £J)
55 BETA(N)I=BETA{N)+CONY
BETA(NNI=EETALNNY *CONY
THETACJY=THETACJ)*CONY
J=J+1
3% CONTIMNUEC
K=y
D0 45 L=KadJdMpX
THETAELI=THETACL) ACONY

[ R T S P P S T . s a L
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WRITE (692%0) THETACL) o TEL 2 aETPILY o TELIsHTPLL)
FORMAT(QK@F]G.SqlxgFlU.Sq?XaFlG.quKqFIQ.592X9F10-5)
IFCIPUNCH.GTa0) 60 TC 45

FUNCH 130, THETACLY s ET(L¥4ETPEL) o HT (LI oHTP (L3
45 CONTINUE
7% END

ne
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APPENDIX C

""SAMPLE RUN" OF SHAPING AND PHASE ALTERATION

Following is a sample computer run of the shaping program and the phase altering
program. The X-Band pattern of a 14 degree horn is used td calculate a shape i
for optimum illumination efficiency on a 98.1 meter dish, using a 10 meter subre-
flector. An 8.6 meter section at the center of thé main reflector is left in a

complete optical shadow to increase final subreflector blockage efficiency.

The subreflector edge taper (edge illumination) from the 14° horn is at 13.12°
or about - 18.4 dB. The final focus location is at A = 283.5 inches, mcasured
from the aperture toward the vertex. DNote the final shape has an RMS variation

from a paraboloid of 0.61 inches.

751 values of X, ¥, R, and @ are tabulated followed by three groups of 100 values E

each that define the subreflector surface, suitable for application in a JPL
scattering program. These values are:

(1) -1/R, inverse of the distance from the focus to the subreflector surface.
(2) d(-1/R)/de, where 8 is the particular angular coordinate corresponding to R.
(3) o, the angle between the reflector axis and R, in radians. & = 7 when R is

along the axis to the subreflector vertex.

The phase altering program re-tabule«tes the main reflector coordinate values and

the input pattern {(obtained from a scattering computer program, the horn pattern

from the shaped subreflector}. This is then followed by the computed slightly :?
altered amplitude pattern and a near uniform phase pattern suitable for efficienc

calculation.



#XQT U3SO*FIL,SHAPER

SYMMETRICAL SHAPIKG PRUGRAM

$EXINPUT XNMAX¢YNMAXs 2F10,5) OR @

1951.,00000 T731,50000

$¥%INPUT MAIN HEADER

3862 IN, DISHIF/0=,325« {70 IN, HOLE

¥¥£INPUT FIELD DATA HEADER

A 14 DH AT 13,12 DEG(18,4 NBY¢ X SHA

*¥kEINPUT JIN« IS
181

¥¥£ADD VOLTAGE TLLUM PATTERN DECK

¥%¥¥FNPUT NSKIPe IS
1 3

*¥EKINPUT 4 | FOR RUSCH DUTPUTy IS

FHEXINPUT 4 2 FOR PSCATY QUTPUTe IS

*¥*¥¥INPUT A 3 FOR BOTH OUTPUTS: IS

g0




*¥¥FINPUT AMAXITHETAMAX+5UB DIAMIXMINGCY 5F10.5

1931,00000 13.12000 393,B0000 170.,000600 ~1000,00000
KFETNPUT A¢DAMAXDAMING 3F10,5

283,00000 1, 00000 «10000
¥Maxz 1931,0000 THEMAX= 13,1200 K= 19&,9000 P= 3,0 €==1000,0000

B,81500

A NOMINAL= 2B%,0000 DELTS A Maxe 1.,0000 DELTA & MIn= io0n '
THEMAX(RAD)= L2P898719% RO(INCHIE BReT,.8342Y0CINCHYZ - L0n00 Q%
fa.
§5
TRUE €2 = «4321854=08 7B <N
%‘%@
TG
€22  LUT?1A5437-08 . 5,
A RMS ERROM B SHIFT MAX NORM MIN NORM  MAX [O=0RDS MIN CO=URDS -
283,0000 W6119  =2,957) 2,3864 w6720 1931.00 W00 12B2,95 404,89
284,0000 812D =2,6B23 2.,1604 w7171 1931.00 00 1318417 387.14
282,0000 26292 »3,2177 2.,6933 w,6358 1931,00 L00 1203,08 424,45
FIRST PASS, AREST=  283,00000000 RMSs 611895048 R= w2,95007470
NORMAL MAX,= 2.38637251 NODAMAL MIN.= w, 671976 PEAK=TO= PEAK MaX,.s 3,05834717
. MAX AT X5 1931,0000 v= 0000 MIN AT ¥z 1282,9543 v= 40d,A%Us
A 8UMS ERRAOR B SHIFT MAX NDHRM  MIN NORM  MAX [0=ORDS MIN CO=DRDS
283,0006 6119 =2,9501 2,3864 -.6720 1931,.,00 00 §1282,95 404,89
2R3,1000 +B1L1  w3,9233 - 2,3647 ~eB761 1931.00 L00 1285,30 403,73
2B3,2000 ,5105  »2,B98 2,3430 =, 6803 1931.00 «00 1290.00 LD1.38
2R3, 3000 «b101 =2,B&98 2.3213 - 6846 1931,00 W00 1292,35 400.21
283.4000 <6100 =2,8427 242993 -,6B93 193{,00 L00 1297.00 397.85
2R3,5000 0097  =3,B1b3 2.2779 -,6934 1931,00 00 1299.39 396468
. 2B3.6000 L6098  =2,789% 2,2562 = oB6980 1931,00 L00 1304409 394,30
FINAL PASS, ABEST=  28%,800999519 RMSc «b0972073 Be =2,81626156
NORMAL MAY,.= 2.27T90648 NORHAL WIN,= wa 69340922 PEAK=TO» PEAK MAX,= 2.97131568
MAX AT %= 1931,0000 Y= L0000 MIN AT XE 1299,3902 Y=  396,6759
YOINCH) YCINCH) THETA(DEG) RADIUS{INCH) CL(INCH) BETALDFG) YAAS({INCHY EX(INCH)
19%1,0000 L0000 13,1200 BaT7.4%02 Pe%0.1111 T2,0883 «=2,8163 2.2779 w. 72740 -80000  1,28776
192R,6522 1,7089  12.8200 Bb3,3327 2690,1110 72,1310 =1 ,.0385 2.2213 w, 72829 wo72788  1.29892
1926,3042 3,0196  {2.5691 B60,1033 Pe90,1141 72,1682 7372 2.1682 e 72879  #,T2B57  1.,259957

it




3 1923,9561
n {921 .6082
B 1919,.2¢601

$1916.9121

1918,5642

1912.2161

1909,8582
& 1907,5%201%
: 1905,1722
: 1?02‘3231

1900.4782
1 1898,1283
1895,7803
1893,4323
1891 ,08u3
1888,7363
{B86,38A2
{884, 0u02
1881,6923
1879,3443
1876,9962
1874,.6U82
1672.3003
1869,9523
{Be7.60u2
{R65 2561
1862.,9083
186045603
1asp,2124
{ARS, 8642
1853,5163
1851.1684
{BuA.B200
1BU4s,08724
= 15““.12“”
i 18uy,7764
! 1839,4284
1837,0803
1834,7325
1R32,3844
1830,0364
16827 6884
1B25,3u04
1822,9924
{820, buuy
1818,2968
1815,948%
1813,6005
1811,2524
180A,9044
1806.5564
1R04,27084
1801.,8606
1799.9125
1797.1645
1794.8]165
1792, 4686

5,131
b,84%2
h,55585
10,2576
13,9795
13,6910
15,2017
1741115
16,8200
20,5292
22,2364
2%5.942%
25.6475
27,3514
29,0541
30,7555
32,455%
14,1542
35,8514
37.5472
39,2018
ag, 9344
02.6250
a,3150
“h,0035
47,6900
49,3750
51,0580
S2.7400
S4,d202
5h,0986
BT 1753
59,4503
6l.12%6
82,7952
b, d6%]1
Bh,1332
b7 ,7199%
49,4640

‘71,1268

12,7878
Ta,u479
Tb.10U4
77.7600
TR,4137
81,.4485%
82,71%86
AU, 3639
86,0103
A7.65U8
89,2974
90,9582
92,5770
94,2141
95,8492
978”29
39,1137

12.34887
12.2103
12,0475
11.899]
ll-?h’b
11.6480
11.5376
11.4%45
11,3372
11,2449
1141967
1i.0722
10,9907
10,9135
10,8407
1047715
10.705%
1v.ndee
105812
10.5°24
it,u65%
10,8103
10,3%66
16,3043
10,2534
10,2038
10,1550
10,107d
10,0607
10,0149
9,9701
Fe9265
F.8841
9.Rd428
9.8022
?,7b26
9.7238
9.6858
B 6486
0170
B.5781
9.5408
f.5061
Q.4719
9,u383
924051
Pe3724
P.3402
?,3083
9.2769
9,2459
Q.2153%
9.1851
He1551
9,1256
9.0%&3
9.0674

L g

B57.36b4
R54,9455
B52,749%
A%0, 7570
B4R ,9978
Bu7,4078
8u5,9482
USR5S
A3, 3073
RU2,.Nn979
By0,9472
A39,BUTY
838,7923
837,7950
836,B57}
B38,9690
B35,1237
A34,3155%
653.5400
B32,7934
832.0728
A31,3757
B30.7000
Bl0,0439
829,4057

826,7881°

88,1770
BPT.5860
827.0076
826,416
825,.AB88
BPS.35%21
424,.,8305
G2Ud.3229
H23,B2R])
A2l . 5480
B2e.8739
B2g.u129
821.961R
A21,5199
821,0868
A20,6620
8z20,24%1
Bi9.8358
B19,4332
A19,0376
B1A,4U4R4
818,265
817,8884
817.5169
817.1510
f16,7902
Bi&,d3an
Blo.,0B37
B815,7374
815.3958
815,0%84

[ T T T T T ST

2690,1111
2690.11°1
2e90,1112
26%0.1112
2h?0.1112
2690,1112
259ﬂ111'3
ea90,1112
£690,1113
PH90.1113
2690.1113
2690,1113
2690,1112
2690,1113
2690,1113
26%0,111%4
2690,1117%
2690,311¢0
2690,1114
é690.1110
2690,1514

2690.11458

2680,1114d
2690.1114
2690.1114
269041115
2690,1115
29041115
2690,1115

2690.1114°

P690,1115
2630.1116
26901116
2690.1114
26901116
2690,1117
2690,1117
LRI PR RE Y
2690,1117
2690,1116
2690,1117
2A90,1117
P690,1117
2690,1117
2690,1147
PHI0.1117
2690.1118
2690,111R
2h90,1114
2690.1118
26790,1118
f6%0.111R
2690.1118
2690,1118
2690,1118
2690,1118
2690,1114

72,1888
fé,19n7
72,2011
T2, 19A7
12,1443
72,1662
TR 1u%7
72,1175
T2, 0891
72,0581
72,0251
71,9904
71.954)
71,8158
71,8754
71.8335
71,7900
71,7451
71.6992
Ti.0%22
Ti.o0403%
71.5556
71,5081
71,4559
T1,005]
7143537
71,8017
71.2897
T1,19%62
71,1428
71,0BRY
71,0344
10,9793
70,9237
70.867s
T0.B111¢
70,7541
70,6967
10,6390
70,5809
70,5224
70,4637
TO 8048
Td.36452
70,285%
70,2255
70,1653
10,1048
70,0441
69,9831
69,9219
69,8805
69,7980
69,7370
69,6750
69,6127
69 ,550%

2.5107
H,2RZ1
b,0N%13
T.BIRS
G,5832
11,3459
13,1064
{0 HbU?
th,b210
1H.3752
20,1270
P1.8767
2l.bp42
25.3%84%0
27.1129
f8,8540
20,4929
22,3297
iU 40642
35,7967
37.5209
39,2551
40,9809
42,7007
gl upkd
61457
U7 BhTd
49,5782
S1.2911
53,0020
Sd.7106
S56.0170
58,1213
5%.B235
B61.5235
63,2213
hii, T HT
bba6104d
08,3017
49,9909
71.56779
73.3827
75.0454
Tb. 7259
TR.4048%
80.0R0G
81,7504
B3.4263
B5,0960
Ra,T7636
88,4289
an.092e
91,753}
93,4120
95,0688
96.7253
R, 3766

241177
20696
. 0235
1,9792
1495686
1.,8954
{8554
1.8168
1.7789
1,742
1.7004
1.6715
16370
1.0043
1.571A8
1.5401
15090
1,4785
1s04u87
t.4194
13907

143625

1.334R
1.3076
1.2808
1.2545
1.2285
1.2032
1.1782
1.1536
11294
1.10%86
i.0821
1.0590
1.0363
1,0138
9317
+ 94699
« 24840
£ 2272
«?2063
«8BR7
8654
JAUS3
+8255%
«B059
« 7864
«TRTE
+ 70487
« 7301
+7118
6936
Y-Xi-¥i
« 6581
4781
0233
«80863

“s72908
e 79920
“e 72923
72917
"-72(;00
weTEBTH
=-s 72846
ma 7281}
= 72773
72752
we 72688
meT2bAa}
-, 72593
72542
*-72”35
'-72“32
-y 72375
-+ 72319
~s72254
72192
72128
=, 72063
=4 7199R
~e71931
mwe7185A4
s 71796
71727
'n7!b58
=, 71584
“'71517
LERAL LY
“ 71375
=, 71302
weT71229
=s 71155
=+ 71081
e 710086
- 70931
o 70855
‘-70779
we 70702
e 70625
ns TOSUA
m, 7T0UT
"070393
w=sT0D%14
» 70236
~a 70157
= 70078
w 699909
--6991Q
w 69840
= 69760
- bFHT79
w o bh3599
= 69%18
59037

- 72894
-'7291‘5
u, 72922
-, 72921
-e725909
=-,72889
-e72BGE
--72529
'-72793
=a72753
-, 72710
=, 7266%
e 72616
-, 725648
-, 72516
w,TRUB]
=, 72804
-e 72345
v. 72285
= 72223
=, 72160
= 72096
'I72031
=,71965
-,71898
71830
= 71762
=+71693
=4 71623
~.71553
wo s TIURBH
=-s 7141}

"71539

=+71266
~. 71192
».71118
-, 75044
=, 70964
=2 70893
=, 70817
-.70?“1
~« 70664
70587
=y 705%0
~.70ﬂ32
=, 70354
= 70275
= 70197
=s70118
=+ 70039
-, 65950
69880
=y HPBQ0
e 69719
=+ 69639
809559
» 69478

1225993
1.26011
1.26015%
{26007
1« 25985
1.25954
1.25915
{25869
1.2981%
1229765
1.29707
1.25647
1.2598¢
1.25517
1.2%046
1.25373
125297
f.25219
1225139
125057
1.24973
1+24884
1.2480P
1224718
1248625
124438
1.24445
1.24353
1242613
124168
1.,24073%
1423978
1e23882
1223785
1223687
1423589
1.23489
1.23389
123288
1.23187
1.23085
1.22982
1.22B79
1.22778
1e22H71
1a22567
122062
1.22356
1.22250
1.22164
1222037
1.21930
1.21822
121714
121608
1.21497
1.21388
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1790.1205
{787.7725
17R5,4245%
1783.0766
{780.72E6
177R, 3806
1717640320
177%.6b4b
177143366
176A,9886
176H,6400
176U,2920
1761.,94840
1759.5966
1757,.2486
1774,9006
17525526
i750.2046
1747.8566
17458 ,5087
1743,1608
1740.,8128
$1738.,4648
1734,11867
1733,76B8
1731.,4207
1729,0728
17267207
1724,3767
1722.0287
1719+6BG7
171743327
1744.9849
1712.6369
1710.2888
JT0T.9408
1705.5928
s7T03.2448
1700.8968
1698 .5u88
1696,2008
1693,8%29
1691,5048
1689,1568
1686,.8089
1684,U8509
1682,1129
1679,7640°
16774170
1675,0690
te72,7210
1670,373%0
1668,0250
1665,6770
1866%,32%0
1660.9810
1658,6530

100,7432
192, 5708
103,9964
105,6201
107,2419
108,8618
110,4797
112,0958
113.7099
115, 3220
116,9322
118,540%
120.1469
121.7512
123,3536
124,9541
124,5%26
12B, 1492
19,7437
131,3363
132,9268
130,515%
136,1022
137. 46869
139,.26%6
140,B504
{42,.,429%
14d,0059
145,5807
47,1534
1dB. 7242
150.2930
151 ,R597
153,424%
154,.9873
156.,54A0
1%8,1048
159.66%4
161.2153
162.7710
164,5218
1658704
167,417
168,961 8
170,5044d
172,0450
173.5836
175. 1202
17b.,6547
17R.1B72
1719.7177
11,2461
1R2,7725
184,2969
185,8193
187,339
148,8579

9.0388
Y.0104
8,9824
B,a546
8,9272
B.900!
8,R733
8,AUb68
B.R205
B,794%
8,787
B,7ux2
B.TIRD
8,68929
8,660%
B,6u35
B,b6191
B,S949
8,710
A,5472
B,5236
8,5002
B.,u4770
B,u4539
8,4310
B,3358
B.363%4
8,.3411
68,3191
8,2971
8,275%
H,2537
B.2322
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RBRKPT PLUNCHS

BEDyY 20.,994350%FIL,PAXL4DH=32S
THIS IS A FORTRAN FILE

EASE UPPER ASSUMED

EDIT $4,05H03/20~21831=(0+)
EDIT '

LINES:1751 FIELDATA

CPUt,BBS . CTP1,018 - SUPS18,633

PEDsY 21,194350*%FIL,HYX14DH=325
THIS IS A FORTRAN FILE

CASE UPPER ASSUMED

EDIT 14.05H03/20=21131=(0y)

EDIY :

LINESI60 FIELDATA o N
£RUL;08Y CYP1,00d4  SUPSy4,409

PPACK 94350%FIL. -

FURPUR 27=Q 03/20/78 21131123
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672.47520
670412720
66777930
865,430
663,083.20
B60,73520
658,38720
656,03920
653,69120
651,34320
648,99520
bUb . 64720
6404,29920
6U5,95120
639,60320
637,25520
634,90720
632,55920
630,24120
627,86320
625,51520
623.16720
620,B81920
618,47120
616412320

,
et s e il e i

618,93720
619,62880
620,31820
621,00550
621,65060
622,373A0
623,05440

623,73300

624,40950
62%5,083480
b25,75590
626.42590
627,09370
427,75940
&28,4229¢0
629,08420
529.74349
630,400u40
631 .05530
63170800

632,35850

633,00690

433.65310 -

634,29710
£34,93900
835,57870
636,21620
636,85160

‘B3T. 48490

638,11590
&38,74489
639,37160
619,99520

-HUDL 61860

641,23880
541 ,85800
6l2,47290
543,08660
6U3.69820

6U44,30770.

6d0,91490

LU L.52000

646412300
b4b,72380

HUT 32240

64T ,91890
548,51320
B9, 10530
649,953
850,28310
650 ,84870
651 ,48220
652,033590
b52,61270
653.1897¢
bS53, 76450
654 ,33720

12,87310
32,77600

32.67890

32,58180

T2, 48060

32,38730

32,29000

32.19260

32,09520

31.99780

31490020

11,80270

31.,70510

31,60740

Xi,50970

141200

31.31420

31421630

3111840

31,02050

Ip.92250

30.82448)

30,72630

0402820

30.53000

30.43170

3033350

30,23510

T0.13670 ' <3
30403830 (c):%a&
2%,93980 : FAg
29.6u130 SN
29,74270 % ‘222:.
29.64410 2
29,548550 O.%
29,4680 ¢ G
29,34800 ﬁ?
29.24920 w {?’
29,15030 : R
29.05150 . o

28,95250 '

28.8%8350

28475450+

2B,b65540

28,55630

PBURTLO

28435790

28.25870

26,15940

26,06000

27.,96550

2786120

27.76170

27.66220

2756260

27.46300

27.3634D

P

6&-0



262
583
Sb4
565
564
567

568

569
570
574
572
573
57140
57%S
576
5717
578
579
589
584
5az2
kB3
584
585
586
587
588
589
‘890
591
S92
593
594
-598
596
597
‘53§
599
600
B01
&02
603
604
B -1+11
506
607
608
609
610
b1l
hl2
613
b1y
-3 Y-
616
- 817
618

613,77520
611.4272¢0
60907920
hib.TILR0
604,38320
602.03520
B99,68720
597.33920
594.99120
59264320
590,29520
S587.94720
585.59920
S83,25120
580420320
5TE 55520
576,20720
S73.85920
571.51120
569.16320
566481530
56U, 44T30
542,11920
559,77120
55742320
555,07520
552.72720
55037920
548,03120
545,68320
543,33520
540,98720
53863920
536.29110
S533,94310
53§,59520
529,28720
S26,89920
524,55120
522,20320
519,85%20
S517.50720 -
515,15920 -
512.81120
Si0.,46320
508,11520
505,76720
503,41920
501.,07120
498,72%20
496,37520
494,02720
491 ,67920
489,33120.
uBb,98320
UBd ,b2520

482,28i20

g s o+ e+
T RN TR oy T

BS4 90770
L85, 07600
bhb, 04220
656,60620
657, 16800
857,.72770
658.28520
658 ,B4060
659,39380
659,944890
bAE, 49370
bb1,04040
661.58090
bb2,12730
bb2.6LT50
663 ,20560
bb3,TULISO
6b4,27%20
bbd,B06T0
&45,3%5610
Hb5,86330
bbb.3BBUD
bbb, 71130
L6T L H43200
b&T , 95060
4B UKTOO
6b6R 98130
b6, U9340
£70,00330
870.,51110
671.01670
a71,52020
672,02140
612,52050
b73,01750
&473,51220
ATU,004B0
6Tu,09520
b74,98350
675, 46960
675.953160
676,43540
67H,95500
677,39250
&77,86770
h78,34090
bT8,81180
679,28060
&79,7473%0
&80,21180
bBOJBTULID
bR, 53420
6B1,59220
bB2,04800
682,50170
682,95320
683,40250

27.26360
27.16390
27.06410
25.94030
2h, 86840
26.76450
26266450
P26,56450
Ph 46480
2b43b44Q
26,26030
2be.16410
26,063590
£5:96370
25,8340
£5.76300
2S.5658270
25.56220
25,86180
25,36130
25.26080
25,.16020
25,.,05960
24,95890
24,85820
24,757%0
24 ,65670
24,55590
24,u45500
24,35410
24,25320
24,15220
24,05120
23.95020
23.84910
23,74800
23,64680
23.,5456(
23,.84440
23.3u4310
23,2018
23,14050
23,03910
22.,93770
22.83630
22, 73680
22,63330
2253170
22,43010
22.32850
22.22690
22412520
22,02350
21,.,9217¢0
21,81990
2i.71810
21,61630

Tt

Py

R
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- B19
620
b21
b22
823
624

N ¥-1:

© has

.27

628
629
B30
431
63z
613
634
635
L 836
837
638
639
LY
.Y
642
B-Lk
&44
645
blg
a7
648
649
650
651
652
653
654
655
656
657
_b58
6%59
. 660
661
- b2
663
bod
645
666
6a7
bed
669
670
6714
672
673
674
675

479,93520
477,59120
U75,26320

472,89520

470454720
ds8, 19920
L65,85120
463.50320
461.15520
458,80720
456 ,45920
4su.11420

451,76310

449.41510

YOT0BTLOD .
444,71580
su2,3742¢0

440,02320
437,67520
435,32720

WA2.97920
U30,63120
Lugs,28320

425,83520
423,58720
421,23920

418,89120

416,54320
414,19520
411.84720-
409,d49920

407415129
4od,380320
402,45520
4po.10720

397,.75920°

595,.,41120

193,06320

390,71520

388,36720.

386,01920
is3,.67120
381,32320

378,97520.
3The 62720

37427920

371,93120

369,58320

367,23520
164,88720
' 362,53920

3560,19120
357.,08320
355.49520
353,14720

- 350479920
L RUB.45120

b83,86970
6H4,29670
684,73750
6R5,17820
6B5,b61670
6R6,05310
8B6,UBT30
586,91930
h87,34910
6A7.77680
6B88,20200
6R8, 62580
689,00700
6B9,U6600
689 ,88290
£90,29760
690,71020
691,12060
£91,52880
691,93490
692, 23880
692, Tu050
693,14010
693,53750
59%,93280
896,32590
69U, 71680
695,10560
595,49220
£95,87470
696,25900
690463910
£97.08710
697 ,39290
897,76650
698,13800
698,50730
698,87450
£99,23950
699,60230
699,96300
700,32160
700,67790
705,03210
701.38420
701.73410
702,08180
702,42730
702,77080
703,34200
703.45110
703,78800
T0U,12280
706,45540
704,78590
705.11420
705.44030

21.51440
2l,41240
21,31050
21.,20850

"21.10650

21.004a%0
20,90240
20,80030
20.59810
20,59600
20.49380
20,39150
20,28330
20,18700
20,08460
19,98230
19,B7990
19,77750
19,67510
19.57260
19,4700
19:.36780
19.26500
19,16250
19,059%90
18,95720
18.85460
18,75190
18,64920
18,54650
18.04370
18.34090
18,23810
18.13530
1B.,0%240
17.92950
17.8P660
1772370
17.62070
17.91780
17.41480
17.31180

17.20870

17.10570
17.00260
16,B9950
16,79640
16.69320
16,59010
16,48690
16,38170
16,28050
16417720
16,07400
15,97070
15,86740
15.76410

1
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IRV

b6
877
678
679
680
681
682
683
AU
685
BB
587
688
689
690
. 691
692
693
694
695
696
697
698
699

700

704
702
703
704
705
706
707
708
709
710

718
719
720
721
T2
723
728
725
728
727
728
729
730
731
732

346,10320
343,75520
3uy,40720

'339,05920

336,711 20
334,36320
332,01520
329,66720
327.31920
324,97120
322,62320
320.,27520
317.92720

. 315,57920
- 313,23120

310,88%20

. 308,53520
- 306,18720

303,83920
301.49120
299,1432¢0

 296,79520

294,44720

- 292,09920

289,75120
287,40320
285,05520

282,70720

280.,35920
278,04120
275.66320
273,31520
270.96720
268,41920
266:27120
263,92320
261.57520

259.22720

2560877920

- 2%8,53120
. 252,18320
—'2“9.83530
24T, u8720

2U5,13920
2z, 79120
24044320
238,09520
235,746720

- 233.39920

231,.05120
228,70320
226,35520
224,00720
221.635920
219,31120
216496320
2ld.61520

et s e R PO e

705,76430
706,08610
T06,40580
T06, 72330
707.03870
707 3519¢
T07 664290
707.97180
T08,2785%0
708.,58310
7T08,835%50
709,.18580
TO9,483%0
70977990
710,07370
710.36530
T10.65880
Ti0,948210
T11.22730
711,510d0
Ti1.79130
7i2.07000
T12:3UbBD
Ti2.,62110
712.89300
715,16350
T13.43150
T13:65740
713.96110
r1a,22260
Tia,48210

714,73930
T14,99450

715.24750
715,49830
715,74700
745,99360
716,23800
716,08030
T16,72050
716,95850
747,19440
717,42810
717.65970
717,88920
718,11650
758,34180
718,56490
718,78590
719.00470
119,22140
719,43600
719,64850
719,85890
720,06720
T20.27340
720,47740

18,66080

- 15,5575¢
15,45420
- 15,.3508¢0

-~ 15,24740

15,1a400
15.04070
14,93730
f1u,B3380
14, T3000
1d,62700
14,52350
14.42010
14.,31660
14,213%20
14,105970

14,.,00620
13,90280

15.70930
13,.69580
1%3,592350

.'13,48890

13,38540
13,28190
13,1785¢0
13.,07500
12.97160

. 12.86810

12,76470
12.66130
12,55790
12.05450
12435110
12.,20780
12104850

. 12.00420

1193790
11.834860
11,73140
11.62820
11,52510
11,42190
11.31B90
11.21560
11,1280
11,00990
10,590700
10.80420
10,70150
10.59880
10,U9420
10439370
10,2930
10,18900
10.0R680

Q98480

F.BB290

kA

AN



733
T34
735

736

737 -

738

739 .

740
744

742"
743,

T4y
745
Tup
T47

Tu8"
709

. 150
. 15%

212.26720
209,91920
207,57120
205,22320
202.87520
200,58720
198,17920
195.83120
193,458320
19113520
188,78720
186,U43920
184,09120
{81.74320
179,39520
177.04720
174469920
172,35120
170, 00000

INPUT PATTERN

THETA -

00000
«50000
1.00000

 1.50000
" 2,00000

2450000
3.00000
3250u00
Ue 00000
4450000
5,00000
5:.50000
6,00000
be50000
7.00000
T«50000
8,00000
8,50000
Q00000
F:50000
10,00000
10,50000
11,00000
11,50000
12,00000
12,50000
13,00000
13,50000
14,00000
14,50000
i5,00000
15,50000

72067940
T20,87920
T21.07700
T21,27270
721 .46620
721465770
T21.84710
722,03U50
T22421980
7224403410
72258430
T22.756340
T22,94060
783.1158¢0
T23.28%00
T23,460620
T23.62970
723,7573%¢
723,9&635¢0

ET

03189
«02203
05531

-201872

01962

02103

02173
02346

02624
“.DE&QE

03074
«03329
«03878

2 Q4107

0u245
JOUSRT -
045512
060561

. «0&389
- 206903
) u07u57

« 07856 . .
08276

-« DB&USE
~W09022

s08970
«0BRRS3 .
JO0B912.
.0AB889
20RED!L
08395 .
«08400

?.7811L0
9.,67950
9,57800
Q,47680
9.37580
9,27510
Qnt7u70
9,07860
8,97490
A8,.87570
8,77700
. B.67900
B,581890
8,48570
8,39100
- RL29830
- 8&,20880
‘B.12560
8,08120

ETP

t50,94854
152442272
128,92599
115.66938
128,89700
§12,16008
$9,98333
76401975
59,24859
08,29406
21.73114
=§,89370
»32.68131
'59|81“25
-90-ﬂ1803
w1p2,88821
=158,§6578
16618244
126,09218
BU,5%5063
44,08241
-.17038
w{5,97937
=95,22596
«143,39368
166,2249B
113,06521
b0.97027
6477531
nlb, 66529
'103-30361
»160,38636

HY

+03189
«02153
«01556
«01867
»01948
02186
02182
«0233%8
W 02604
02702
«03093%
+ 03321
+03835
08093
«04279
04950

w054T1
206026

« 06363
«+ 06865
+07438
0TB2T

: -05252

+ 08603
« 08343

- 408932
- 08926

208882
08824
» 08558
0837y
08344

HTP

160,9U854
15007270
130,9%953%
117.82706
128,27u52
'110,8B366
99,52697
77.12B32
59,58780
a7,47924
21.,61990
ol 59645
*32:39106
=59,93911
»90,268339
=122,7T106
wi{58,25670
{165.96563
126:05196
8u,81368
4%,92854
w, U58R9
wllb,11575
mP5,27142
={d3,65247
16%,91199
112,92683%
LH0,870E0
6.,52877
wl?,13215
n103,5i1268
»160,51400

£E-0



16500000
16450000
i7.00000
17450000
18.00000
18,30000
19.,00000
19.50000
20,00000
20.50000
21.00000
21,50000
22400000
22.50000
23.,00000
23,50000
2400000
24,50000
25,00000
25450000

26400000

26450000

27.00000

27.50000
28,00000
28,50000
2%,00000
29.50000
30i00°00
3050000
31,00000
31.30000
32.00000
32,50000
33,00000
33.50000

34,00000
34,50000

35,00000
35,50000
36,00000
16,50000
37,00000
37,50000
. 38,00000
38.50000

3v,00000

19,50000
40.00000
10,50000
41,00000
41,50000
¢2,00000
42,50000
§3,00000
43,50000
44,00000

08271
08393
» 08289
L0854
« 08727
08775
«0BTUQ
«OR53IT
« 08631
+0B8558
+0B6UB
L 08580
08608
«08797
208720
08722

"~ 0BS5S0

«0B6E3

~ «0BR754

35870
08877
08BQ7
OBTLT
«08723
«0B915
« 05941
. 09050
«08919
08914
+ 08936
«08932
08032
«09030
«09170
2009155
09236
09413
209099
09145
09122
09240
:09182
089370
» 09358
«0943%8
09485
«+ 09451
J095618
» 09540
205669
08842
08707
09709
09692
«09857
09785
09888

142,98482
BU,15289
23,86320

“39,66116

«103,77544
n169,67775

S 123,01064

53.22397
«{6,92197
»87,32854

-1SQ:307DH
126,73097

49,90195

«27,53711
wl06.56032
178,60870

93,2809

16,45830
=73,5907148

»i50,29449
113,61127

a4, 76657

whtl dbbU3
~156,25808
110,94835

17.,05463

=78,35928
»173,95856

87,92300

-lﬂ.qﬁiﬂﬂ

#112.60133
145,48904
u2,35417
=61,72168
»166,59274

86,10925

=21 43704

«131.,09033
118,5719¢
be18992
=107,07135

© 138.90405

23,5803
~92,62380
149,53573

31,45483
«RB,5319B
150,94915

28.90845
«93,92175
142,51019

17,11401

. =108.72717

123.,87378
~4,06342

=133,44971

q6.59U36

L0R204
wOR33Y
+0BRG6

CWQBATT

08668
«0872%
+08728
» 08529
+08598
«085148

- 208604

+ 08587

08607

«08772
«08688
08683

208568
" 208616

+0B760
28843
«0B857

08817

+DAT3

- 408770

«08920
Q8947
05036

«0B924.

«0R948
« 08967
+0A9B8
+09052
209039
109158
209139
09226

09108

091146
+ 09167
208151
+0G268
.19189
09386
«09358
09019
+ 09052
«09392
«09558
«0RUB1

0604

209546
09627
09628
«095%6
L09764
08720

09796

182,78723
83,97520
23,63240

=39,63493

«{0%,93805

122.68715
53,19949

wibeBHOTH

~87,49989
«159,48540

126,50017
49.95838

=P T U316d

w106.567314

174,04434
B3,13806
10.51575

»73,80573

»1b0.13187

{13,47834
20.62143

wbl,52237

=156.23401

111.,10590
17.15082

=TB 0649

=17U,11066
B7.76913

-11.09553

~|12,4284%

105,58911
42.60123

wbi (56955

»jbb,.61197
Be, 13550
21461713
«131,09906
118,47748
6422235

=1 06.91048

139,04742
23,925651

-32,%2660

149,9u18%
31.,79755

»85.21899

151.42225
F9.01160

=73, 78186

tld2,60809
1739026

»108,55756

124.,03984

wl9BUTY
«133.32733
G6.92487

¥€-0



44,.50000
u5,00000
45,50000

C . 46,00000
4&,50000
CAT7.00000
- 47,50000
U8.00000
48,50000
49.00000
49,50000
50,00000
50,50000
S1.00000
51.50000
52,00000

- 52+50000
-53,00000

. 53,50000
54,00000

© 54,50000
. 58,00000
- . §5,50000
~ 56,00000
- 54,50000
S7.00000
57,50000
S8,00000

. 58.50000

© 59,00000

59450000

C60.,00000
- &0.50000
61,00000
61,50000
L b2, 00000
&2,50000
6%, 00000
63,50000
. A4,00000
. 66450000
- 65,00000
£5,50000
. B&, 00000
. 66,50000
67,00000
©&7450000
68400000
68.,50000
69,00000
69,50000
That0000
T0,50000

7100000

©-. 7850000
" TR00000
. T2.50000

409866
09919
“+ 09929
«09%18 -
s D99b1
T 209886
09960 -

10005

. «10963

10244
10270

W10487.
T et0318°

»10352
10270
«10304

10531 .

« 108657
«10688

10616
210568
10797

“wilojd-
110907
100819

011025
»13243

~a1§1d]

wil062
a11427
13815

11224
011620
« 11583
111397

L 11821

11670

411828
el21g2
Fe11791

«12440

“«11906 -

12627
12084

" «12024

«12260
13204
12353
W 13629
212825
« 13436

# 14307
Ce128594

14677

17328

150647

J10781

=34,21344
“166,72479
60,B4778
=72.,95880
152.88007
17.80365
»116,15363
105,935152
=31,72968
»169,29077
51.40350
©88,29907
133,37842
=9,42700
69.42224
»72.23169
1&&197253
1.42932
mid],75854
To. 02441

eb7.16394

fud. 548046
I.62207
»139,82593
77.17908
»58,05620
{46, 77429
4,128u2
=139,65833
TU,B87634
wh7,59729
1U9,79626

. 0.88511
=136,29187
B81.368147
whi 57896
159,71277
17.06604
»120,85962
99,84741
=38 14819
=173.,54382

49.72702

=82,09326
163,97859
15.75330
w]18,63990
i2i,030490
2+25595

a1pe,55017

129,19238
16,23340
=32,73792
ol76,9{4867
144,93384
‘56.21558

209782
«09806
09855
«0RBAK7
09892
09835
09920
09999
210028
«10165
»10225

010375

«10244
«10303
«10275
019277
«J0884
10610
«10H08
210590
«10588
10739
s 0965
« 108524
10808
»11013
«11156
a11119
w110586
=11359
11355
11198
e 11580
«11UBS
611365
«11789
s 11584
»117332
2« 11953
11700
e 12253
« 131795
« 12428
11927
12599
120648
oi2918
12116
« 13263
+12510
« 13034
«13861
k2271
« 14045
21662%
«15020
+10473

»33,98444
wlbh,39612
60.,91248
‘973155631
153,20709
- 17.83337

wilB.09241

“§05,67798
«531.71045
»169,70520
S1.,07{29
wBB,262046
13¢,24207
U =9.87424
*150.00220
B9, 240744
=T72.82800
144,71899
1420583

- w141.88977

7596607
wh?, 47683
14835303
. %,81970
»]39,78735

76458499

mbT 94055
1U6H.745586
- He29456
={39,83667
75.,24524
wbT7.518595

109,73682 -

5,10860
w36, 25854
Bi.lb101
»61431067
159, 75476
1726892
»120.60608

- 99,88232

«37.70239

wi73.58228

50,22400
w2, 15967
148,66167

{5, 72363

wi12,586508
121.09680
Pe«13135
w122, 36049
128.59082

1733118
«93, 27866

=178,20508

113.10486
. EX.B5864

T S T

Ge-0



73,00000
73.50000
74,00000
74,50000
75400000
75,50000
76,00000
746,50000
77,00000
7T,50000
78400000
78,50000
79.00000
¥9,50000
30,00000
80.5G000
B1.00000
81.50000
B2,00000
82,50000
83,00000
83,50000
84,00000

. B4.S0000

OUTPUT PATTERN

THETA

000090

«20000
100000
1.50000
2+00000
2450000
3.00000
3.50000
400000
4,50000
S.00000
5,50000
4400000
6450000
T+00000
7450000

RS, 00000
B5.50000
86,00000
B&,50000
87.,00000
a7.50000
88,00000
88,50000
B9,00000
B9,50000
90,00000

ET

03189
202203
01834
«01872
101962
02193
202173
«023db
02624
02692
#0307
«03329
»03876
04107
Ou2485
05861

05877
025643
01213
00928
200308
«00A3A
W 00877
00621
+00UTD
100419
«00350
«00314
00304
«00300
00254
«00234
00253
«00202
200203
«00205
00176
00169
00160
00162
00135
00131
200145
00151
«00127
200119
00104
00102
» 00094
00078
+ Q0087

ETP

bb,32640
bh 32640
bha32640
L6,32640
hh, 32640
bb.32640
bh, 32640
Bb,32640
bhe32640
66,32640
8b,32640
bA, 32640
bh,324U0
bb, 32640
bbb, 32640
Bha32640

6.81008
w27.53629
w3T.61047
-i0,85702
wbl,07043
=-84,38354

=111.61255
=145,29614
172.,52319
131.83936
8u4,61243
40,58093
=-14,52917
«72.64162
»137.93506
i60.08289
AB,42578
11.89270
wld4,01917
124,24695
42,59412
“52,1657%
»155,37427
104.35986
8,{B030
»103,43530
137,.954g2
12.78052
#i0b.26624
129.72986
« 36958
={32.99524
93,130%7
=39.26807

HT

+03189
«02153
01556
«01BAT
051908
« 02186
02182
«02338
202604
02702
«03093
«0332¢
«D3R35.
0UDS3
DU2TY
05823

HTP

66,15560
66,15560
bb,.15560
b6415560
86,15560
bh415560
64415560
66, 15560
bh . 15560
Gha 15580
66415560
bhe15560
66415560
66415560
bb4 15560
bhe155A0

057313
+02585
01232
200914
«00774
00670
»00578
200550
200U96
«00359
«00391
«00330
00354
«00301
00275
00284
Op249
00262
200217
«00213
«00245k
«00198
w0174
200185
50200
«001Bs
«00171
200142
00155
«00134
200175
00173
«00160
00163
00ga7

747

4,62085
»30,56824
wl1,38%04
il 27710
=bl,58115
-90,34082

=115,78418

150421655
1Th.22656
1284,76123

81.76404

32.15662 -
v, 76965

-31.11658
-137,28198
155.77124
B8,86560
12.18738
»b9,09473
widU,76318
131,08801

26.29785

=58.12063
»1045,08594

105,53052

wA, 05394
»112.41479
12B8,51562
22.83630
=95,56938

140.408637

U4,6B8555
=133,18408
93.12524
=df,16138

BETAIN)

B,39100

BETA(NN)

8.29830

Ba31724

gt-D



8,00000
BxS0000
2.000050
F.50000
1000000
10.50000
14,00000
1450000
j2.00600
12450000
13.00000
13,50000
14.00000
14,50000
15.00000
15.50000
1400000
1650000
17.00000
£ 750000
18.00000
1850000
19:00000
19:50000
2000000
2050000
2100000

© 21.50000

22400000

- 22450000

23,00000
2550000
28,00000
24450000
25.00000
25.50000
26.00000
26.,50000
27.00000
27450000
£4:00000
28,50000
29.00000
29:50000
30200000
30,50000

31400000

31.50000

T 12.00000

32.50000
33,00000
33,50000
34,00000
34,50000
35,00000
35,50000
36,00000

6247
L+06608
07275
« 07734
+08153
W 0BS54
08906
«0ASTS
08958
a 0841y
+0RESD
+NAEG
« 08396
«0838¢0
$082%7
208384
208340
2 08599
08747
0BT763
088637
008592
+0B8585
«0B&20
208600
08601
2 QB76T
«0B728
s 08722
« 08551
208419
0BTHL
o 08864
208780
S0B719
o 1B TS
«0B925
+ 00988
1 0890¢
20897
08924
«0B934
« 0899y
« 09031
09127
$ 09157
«092316
«0R137
209101
09140
00124
200233
«0916Y
«09370
209359
0 09439

T0.674G6
Te.48931
T4,88051
7604008
T5.68314
73,44252
T2«34056
T0.28479

68,09719

67204050
65,884681
bb,5047Y

65.54632

65,76140
£7.54745
6B.7T1311
69,0500
68,53874
LR, 4433
68.17254
67.3973%
b6,68125
biaiaﬁﬁl
6¢,23¢410
bl 77696
b0.03043
67.5725¢
bTa15067
b8.2%9702
&8, 09656
68548211
60,3%217
hTe77811
68534652
6h.33513
6R. 56919
68.02966
aTe86117
&T.79374
&8,13485
68,5391
6B, 063637
&8q11267
6T7.61248
67,55934
67,73693
68,39969
68,28328
60,6669
68,5333
48,67756
68411745
67,82158
5790394
67.,91847
68413673
67.,90342

« 06230
« 06670
«07230
07699
208128
20RB16
+08RTU
20R934
«0A%2H
208865
« 08825
+08548
+ 08368
« 08322
2 0A231
e 08314
« 08333
L LETY:
08692
«0RT25
08622
»0BBAT
«0B34T
008577
« 08592
« 080600
«0B74US
08697
«QRODZ
2 0B5&Q
« 08622
208768
<0ABYS
208859
Q8797
«0874R
08819
+0RG3Q
s 08984
o 08985
« 08936
«(A958
2 0B979
«OB027

09043

209122
09184
< 09206
:09131
« 09115
09161
« 09152
2092061
« 09191
093856
» 09360

09421

LY

Toa56490
T2.63117
Tu.87590
7579600

. 75.50243

73.37T049
TRel2U98
To.68017
67.94231
6T.13885
bS,56385R
b6,09094
b5 ,345659
65, 62284
67,31194
68,3742%
6R,91091
SR U94BT
bB.2TUTh

67.,92570

6723267
6670602
&7,17875
6B. 05792
&R, 55977
€R. 03502
67.62127
6To 14927
68,4157
68230955
BR.60331
6bB.4591y
67.89996
6B, 40135
6R420065
68,53577
58,09702
5799605
£7.83099
&B8,04002
of. 388616
bR 50012
6A,146502
6T,78013
b£T.75802
67,1874
6R,42612
5Bnaqn!ﬂ
68,5258%
BA. 49770
68,59362
bh,. 156868
6797043
&B.08773
68,26399
68,4379
68.30160

Tug
737
732
727
722
717
712
707
102
697
692
686
681
676
&7y
bbb
by
65&
651
&U6
&40
635
630
62%
620
615
610
a0l
599
594
589
SAu
578
573
560
563
558
552
547
Syz
538

531

526
521
515
S10
505
499
454
a8e

483

4va
472
467
LT}
456
45

743 .

738
753
728
a3
718
713
708
703
698

693

687
682
hT7?
672
667
ba2
657
652

647

Y8}
536
531
626
bat
bib
81§
605
600
595
590
585
579
574
569
1)
859
553
548
543
537
532
527
R22
516
511
S06
500

495 -

489
484
a79
473
468
462
us?
us2

B8.87570
P.37580
?.,88290
10439370
10490700
11.42190
1193790
12445450
12497140
13,48B90
14,00620
14,62700
1S, 10400
1556080
16417720
16.69320
17.20870
17.72370
18.23810
18.75190
19,36760
19,8799
2039150
2090240
fleli2uo
2192170
2243050
23.039%0
23.54560
2495120
24055599
25005960
2566270
26.106010
26.66450
2716390
27c66220
28+25870
28, 75450
29.28920
29.84130
30433350
10.82440
31,.,314290
31.°0020
32,387390
32.87310
23.45440
131,93730
34.51520
3499530
I5,474490
2H.04690
awebH2270
37,09180
3756450
38,03590

CB8.TTTO00

9427510
9.78110
10.29130
10.80420
11431890
11.83460
1235110

12.86810-

13.,3854¢0
13490280
1852350
15,0070
15,55750
16.07800
1659010

17105870

t7.62070

18413539

18,6492¢
19286500
1977750
2020930
2080030
2131050
2181990
22432850
2293770
2344840
23.95020
24445500
20,9589
2550220
26206390
P2&o56480
2706410
2756260
2B,1594¢0

2B.65540

29415030
29.74270
30,23510
30.72630
31:.21630
31.00270
32.29000
312.77600
33,35760
33,84090
I4,41%900
34.80940
35.37850
35,95150
36,02760
36,99710
37.47010
317.94180

8,80224
B.30628
F.81838
10,33u86
1085432
11.37584
11.89877
12.42275
1P9U70b1
13.47308
13.99898
1d.52523
15,05183
15.57847
16.£0525
16463210
17.15892
17.6B570
184212006
18.73911
12,256560
12279200
20+31833
P0.Buuup
2137020
21.89598
A2sliz1Uy
22:9U669
£3.07169
23.99645
20052090
25.04516
2556007
26409257
26.61580
2713078
27:066138
28418304
28.70549
29.22702
29. 74016
Ip.26%018
I0.78%904
11,30954
21.82917
230847
32486730
25.30565
33.903914
34,42150
544938006
I5.0%573
3597213
I6.UB816
37.00370
37,5188
38.03346

H




~36,50000
37.00000C
37.50000
38,00000
IB.S0000
39.00000
39,50000
40.00000
40.50000
41400000
41.50000
U2.00000

42.50000.

43,00000
43,50000
-44.00000
54,50000
45,00000
55450000
46,00000
46550000
47.00000
47.50000
48,00000
48,50000
89.00000
49,50000
50400000
50.50000
51,00000

51.50000.

52400000
52.50000

53.00000

83.50000
S4.,00000
.S¢.50000
35.00000
55,50000
96.,00000
56,50000
§7.00000
5750000
58,0000¢0
58.50000
59,00000
39,50000
60,00000
60,50000
&1,00000
61.50000
42,00000
52.50000
€3,00000
£3,%0000
&4,00000
&4,30000

» 09482
« 09871
209604
«0956Y
«0F66U
+ 09656
09708
« 087085
09740
09834
09819
< 09881
«09885
209923
«09925%
+ 09935
209929
«0991R
209980
«J00EL
10145
10256
10356
210393
210334
«10314
.10284
10006
« 10588
s 10671
e 10657
+ 105595
108664
«10887
10974
«10874
104895
e11101
11210
211117
11187
11024
«11360
211309
11613
« 11554
11462
+118%97
11679
«11833
«12106
«11810
L12371
«1198%
120478
12225
212584

68,45622
H8,.34401
68,69952
b8,64763
6B, 96692
69,33575
69,24304
b9, 42751
69,51138
89.,40059
69,26362
69, U3§72
69,38340
69,14949
69,35303
69,2798
69,71958
49,89706
70,30500
70.,74928
70.93750
Ti.03332
T0.638650
T70,34849
70.,03260
70,20628
70.88009
T1,40477
T1.31%524
70.70226
70,1657
70,5454
T1,31968
7134219
TO 7577
70.361587
71,2003%9
T3.63383
70,6991t
70,5637
T4,T7540¢
71,59018%
T0.79166
T1,97417
72,37438
Ti.267306
T2.677°%
TR.b63154
71.8§767
Td,23068
72.3049%
T, 10371
73.960086
73,92351
75,09301
Tu,54526
75.81222

098U
09412
09546
»09502
»09602
W D9603
« 09627
W 09619
09646
09782
DITUS
08791
057914
+ 09825
» 09860
«09877
+09R6E
«09B7%
+ 09955
10012
«10090
«10193
10294
210314
$10271
«10290
« 10276
W10371
210541
L1060
w108600
«10590

- w0452

«10831
» 10921
+ 10836
«10R83
«1106%
11143
110689
elllbl
«11358
«11317
11272
«11535
ejilnb
«11418
11771
+13593
«11737
11949
11716
12194
+ 11866
+12298
«12057
+12384

bB.798610
bR, 563978
GR.BoR14
68,.,75723
69,09839
69,4764
69,4933
69,596417
69,45205
60, U92R4
6T ,45uT3
A9,72667
69,64R80
69,37765
69,51165
69, T740uUS
69,92184
69,4032
To.22850
TO0.61749
70,76040
T0.6565
T0,42837
T0.251 74
49,93755
70.,08220
ToubBGUT
T1.03742
T0.87388
T0.55788
Toa.10322
TO 44582
T1.15u79
T1.,08058
T0.bup8?
T0.49857
71415394
T145u697
T0.8317¢6
T0,73708
71.82092
T1.55677
71,09084
TR2.02334
72,5823
71.52771
T2.T1712
TReT2977
TRa0TG00
Th.27586
T2.304b6h
Tde35412
T4.01835
Td.30568
75,15433
Tu.90230
75,9256%

4

445
a4
43y
up9
423
a7
412
40e
4l
195
190
384
374
373
3487
361
355
350
44
338
3352
327
321
3115
309
30}
297
291
28%
279
P73
267
ebt
2588
249
243
237
231
2e4
218
242
{11.1
199
193
187
130
174
167
1614
154
148
141
135
128
121
115
108

uub
auy
435
430
uzu
us8
413
4a7
4oz
396
194
185
319
374
368
Ied
k1-1:)
351
345
339
3133
31248
322
316
310
304
2688
292
286
280
274
26B
262

- 256

250
244
238
232
228
219
213
207
200
194
i88
1R1
178
168
162
155
149
142
136
129
122
116
109

38459970
29.06800
39,62800
40.09%00
40.64920
41,20330
41 .66340
L2,21360
42.67040
43,21660
U3.67000
44,21200
H4,75160
u%,199%590
4S5,.73470
46.26740
UbTITTO
U7.23770
4776340
U8, 28660
48,80740
49,239490
49,.75549
50,.,26890
50.77980
51.28810
51.79390
52,29720
S2,T9B00
53,29620
53.79190
54,28510
S4,77570
55.26370
55,74910
56.23190
S6.71240
5718970
5774340
58,21530
58,68450
89,15100
59.69200
6015270
60.61070
6l.14160
61,59370
62411760
h2.56360
6%,08030
63,51990
64,02880
GU. 86160
&4 ,96250
65445880
65,88050
hha34B00

18.50590
38,97449
29,53489
40.00010
UD 55670
dl1e18110
41457150
42412200
42457910
u3,12570
43.57950
B4.12190
4U,66190
i5,11000
45, 64560
46,17880
46,70950
47.,14980
47.67600
4B,19960
48,72080
u9,15310
49, 66960
Sn,.18359
S0.69480
51,20360
51.70980
52,21350
52.71470
$3,21340
53,70950
54,20310
S4,698410
53,18250
55,66840
S6.1516"
Sh,63250
57.:1020
ST ehbULD
S8,1368¢
5B, 60650
59,07350
59,61450
60,07610
60,.53460
61.06600
61.,5185%0
h2,04300
62, 48950
63,00680
&3 ,0468)D
6%,95640
&4,38570
64,89120
£5,38820
65,81050
b&,29870

A\t

38,54773%
319,06155
39,57488
40 ,08770
4060018
41.13216
Ui 4002369
42,1347%
42,645%8
43,1555
43,66510
Y4,17017
u4,.68259
45,19037
45,697u9
46,20398
4670981
47.21183
uT-?lQﬂ!
48,.22318
48,7283
"e,22878
49,7309
50.23145
S50.73170
51.23128
S1.73015
52.22840
S2.72602
53,22300
53,71927
S4.21493
SUs 70989
5S,.,20414
55.69776
56,19060
Sb. 46280
S7T.17422
STab0491
S8,15478
S8,64403
59,132US
59.62014
60.10702
60.59307
&1.07827
B1,.56260
62.00605
62.52851
63,00999
63,49014
63.96906
bld, U653
64,92258
65,39698
65,8699¢
bh,34D3D

o

8E€-0



T

2
3>
w0
i
=
=
1
o
=]

2
I
?
0
E

65.00000
65,50000
bb,00000
6650000
57.00000
67.50000
68.00000
&B,50000
£9,00000
69.50000
70,00000
T0.50000
7100000
T1.50000
- T2.00000
72.50000
T3.00000
73,50000
T4.00000
Tu.50000
7500000
75,50000
T6,00000
T6,50000
TT«00000
T7.50000
TBe00000D
T8,%0000
79.00000
79.50000
B0.00000
80,.50000
A1.00000
Bi.50000
82400000
82,50000
83,00000
B3,50000
BU,00000
BU+50000
B5.00000
B85,50000
86,00000
86,50000
AT.00000
A7.50000
BB.00000
83,50000
A9,00000
B9,50000
90,00000

EBRKPT PUNCHS

eXQT 94350*FILLEFFICIENCY

12475

12779
212799
» 12857
«13383
« 12952
13529
«14360
v 12899
13971
+ 15875
« 16997
« 15883
»18106
14370
«1078%
05877
Q28643
201213
00926
«00B08
00638
00577
00521
00470
«00419
003590
00314
: 00304
200300
200254
00234
00253
00202
00203
L 00205
00176
«001569
00160
00162
«00135
o0017%4
00§45
00151
00827
00119
200104
00102
«00098
00075
200087

75.6%78%
The386150
T7.31408
TTal0642
78.24570
79.97138
T6.,27818
82,23771
82,.05455
T7+37720
79.,87123
87.5099%6
F4.90117
5,66609
100,41432
S6.21558
b.Bi00S
w27 ,5362%
-37.b1007
w0 ,85742
“61l070u3
=84 ,38354
“111.61255
=~145.29614
172.52319
131.83938
B4,61243
40,58093
=18,52917
wT2ebblb2
ni37.93506
164,08289
BB,u42578
11.8%9270
«58,30896
=144,01917
124,25695
42,59412
»52,18579
=155,37427
108.35986
8418030
=§03,48353)
137.95022
12,78052
<{Nb 26624
129.,72986
«56958
©132,99524
9313037
=19,26807

112266
12532
» 12537
«12570
13032
12619
213114
+ 13838
12542
1304l
«15210
16313
«15269
« 13599
13847
10473
«05733
+02585
01232
200914
«00774
00670

-+00578

200554
«00UTE
200399
«00391
«00330
« 00354
00301

200275

00286
00249

200262

00247
200213
00240
«00198
00174
«00185
«00200
«00186
200178
« 00342
«00155
«00136
200175
« 00173
« 00160
400163
00147
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