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FOREWORD

The intent of this Technical Report is to (1) present, in a concise
form, the current Jet Propulsion Laboratory library of computer pro-
grams for antenna feed system design and analysis, and (2) provide a
handbook for using them. These programs have generally been used
in the sequences shown in the flow chart (p. viii). The system depicted
by this flow chart has evolved in response to the need for analysis of
large, low-noise, Cassegrainian, paraboloidal antennas. Some of the
programs are useful for this specific application only; however, many
are useful for a wide range of antenna problems.

For the analysis of a given antenna, with experimental data on
reflector illumination and surface deformations, the key programs are
the Efficiency Program (IX) and the Best-Fit Paraboloid Programs
(either XI or XII). The illumination may be directly input to Pro-
gram IX to determine illumination efficiency and other factors as a
function of the angle subtended by the main reflector (it will be seen

immediately, for example, whether the actual angle subtended by the
reflector is near optimum ), and the surface data is directly input to

Program XI or XII to yield net RMS error to compute surface error loss.
A gain prediction can be calculated from these results in conjunction
with data on aperture blockage. If only the primary feed pattern for a
Cassegrainian system has been measured, the Scattering Program (VI)
may be used to compute the main reflector illumination. In past usage,
computed patterns from this program virtually overlay experimental
patterns (for subreflectors of 8 to 50 wavelengths in diameter); in fact,
where differences exist, in most cases they can be shown to be due to
certain measurement errors.

Contributions to antenna noise temperature may be calenlated
approximately by using the energy distribution data generated by the
Antenna Feed Efficiency Program (IX), or directly computed using
the Antenna Noise Temperature Program (XIV).

The radiation pattern of the main reflector may be computed by
inputting reflector illumination and surface deformations to the
Antenna Radiation Pattern Program (XIII).
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FOREWORD (Cont'd)

For design and optimization of an antenna, there are many possible
applications of these programs. The Cassegrainian Synthesis Program
(II) is useful in determining ultimate limitations of feed system per-
formance, and in providing insight into how performance may be
improved. The Multimode Feed Pattern Synthesis Program may be
used to generate a large class of potentially realizable primary feed
patterns. A key program in design and optimization of Cassegrainian
systems is the Scattering Program (VI), since feed patterns and/or
subreflectors may be evaluated without resorting to unrealistically large
experimental programs. ( Usually, it will be desirable to verify only the
computations for the final design.)

The design applications of the Structural Programs (X, XI, and XII)
are somewhat outside the scope of feed system design and analysis;
however, in some respects, they are related (e.g., the structural varia-
tions with various f/D ratios and probable limitations on frequency).

It should be noted that the procedure for design and optimization of
feed systems using this system of computer programs is largely empiri-
cal. A master program that automatically optimizes everything is an
intriguing idea, but is difficult to realize. At present, the basic value
of the majority of these programs is as a relatively inexpensive and rapid
substitute for experimental work, and as a good independent check
on final experimental results.

Volume I of this Report covers program descriptions, applications,
and input and output samples. Further information is available in
Volume II which gives program listings.

In a report of this type and size, it is difficult to guarantee 100%
accuracy of the manuscript. The only real check on accuracy is to use
the programs as specified.
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ABSTRACT

A library of computer programs for antenna feed system design and
analysis is described, with emphasis on instructions for using the
programs. The programs cover a large spectrum of feed design prob-
lems, from primary feed pattern synthesis to the far-field pattern of the
main reflector, including analyses of structural distortions.
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I‘.SMUI.TlMODE FEED PATTERN SYNTHESIS PROGRAM G
{ A. Ludwig {

Program: 5486, binary in Jet Propulsion Laboratory
Library (revised May 14, 1964)

Engineer: A. Ludwig

Programmer: T. Haskell

A. Program Description

This program computes theoretical radiation patterns
of a horn antenna aperture excited with a combination of
cylindrical waveguide modes. These patterns are given
by (Ref. 1)

H-Piane
E, = Nzi; e ((::..)):] TRCALGRR
x (kaIs;ix(lk(;l)zsiﬂa()e;)z 1)
E-Plane
- b g e

2)

N67-28722
a, and a, = amplitude and phase coefficients of TE,,
mode

where

b, and 8, = amplitude and phase coefficients of TM,,
mode

= nth roots of first-order Bessel function J,
and its derivative, respectively

€, and €,

6 = polar angle of radiation pattern
a = radius of horn aperture

k = free-space propagation constant 2x/A

The factors in Egs. (1) and (2) result in a value near 0 db
for the maxima of the individual mode patterns, for unity
coefficients.

B. Applications

Any pattern obtainable with a circular horn antenna
excited with TE,, and TM,, modes (n < 10) may be
synthesized with this program. For example, the program
has been used to determine optimum mode combinations
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that maximize gain of a paraboloid illuminated by a
multi-mode horn (Refs. 1 and 2).

Another application is the matching of an experimental
feed pattern by judicious choice of mode coefficients
(Ref. 3). This application is useful in optimizing feed aper-
ture diameter; once the mode coefficients are determined,
various aperture diameters may be input to the program,
and the optimum diameter determined by evaluating the
resulting patterns through use of the Scattering Program
(VI) and/or Efficiency Program (IX).

C. Input
Card Parameters Format
1 NAME 12A6

AK DELTA ABMAX N IPNC 3F10.52I5
3 A1) ALPHD(1) B(l) BETD(1) 4F10.6

N-+2 A(N) ALPHD(N) B(N) BETD(N)

NAME = any alphanumeric statement, Columns
1 through 72

AK = ka, the propagation constant times the
horn aperture radius

DELTA = angular increment in ¢ for output data,
0.2° < DELTA < 2.0°

ABMAX = normalizing factor; output field ampli- -
tudes are divided by this number

N = maximum mode order n for which co-,
efficients will be input, N < 10

IPNC =1 for binary-coded-decimal punched
output, 0 for no cards

A(N) = a,, TE,, mode amplitude coeflicient
ALPHD(N) = a,, TE,, mode phase coefficient, deg
B(N) = b,, TM,, mode amplitude coefficient

BETD(N) = B,, TM,, mode phase coeflicient, deg

Consecutive cases may be stacked without limit, each
set of input starting with a name card. 7094 machine time
is roughly proportional to N times the number of output
THETA values, and was 20 sec for the sample case fol-
lowing, with N = 2 and 45 output values.

D. Output

Program prints out name and pertinent input param-
eters, and field strength (in volts and decibels) and phase
angle (in degrees) of the radiation pattern from # = 0° to
¢ = 90°. The binary-coded-decimal output consists of
first a name card, and then the field amplitude (in volts)
and phase (in degrees). The card output is in a format
compatible with Programs 111, IV, and IX, after addition
of control cards applicable to those programs. The pro-
gram also outputs Stromberg-Carlson 4020 photographic
plots of the feed amplitude patterns.
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-E. Sample Case

- Sample input

DUAL MODE FIT, 2388 MC, 23.084 DIA APERTURE

14,673 2.0 1.52149 2 1
1.0 00 0.295 13.584
0.113 69.0 0.0 0.0
Sample ovtput Sample output, punched, BCD cards
DUAL MODE FIV, 2388 MC, 23.084 DIA APERTURE DUAL HODE FIT, 2388 dC, 23.064 314 APERTURE
S1 0 46 2 0
KA 14.67300 ABMAX  1.52149 0. 0.85613 357.39263  0.85613 357.39283
MOLE Anp PHASE oD anp PHASE 2.00000 0.83854 357.57473  0.83626 357.55461
TE il 1.50000 pras o e 25500 L eae00 4.00000 0.78914 358.13817 0.77898 358,05558
TE 12 oiiSae 000000 ™o 2 6.00000  0.71172 359.13950  0.69093 356.94635
. - . - $.00000 0.61423  0.66535 0.56196  0.32536
10.00006  0.50571  2.97750  0.46354  2.36690
12.00000 0.39558  6.34405 0.34702  5.37923
H-PLANE E-PLANE 14.00000 0.29252 11.39382 0.24216  9.92826
16.00000 0.20376 19.24903  0.15599 17.10678
PSI vOLTs o8 PHASE voLTs b8 PHASE 15.00000  0.13474 31.93022 0.09240 29.06619
0 c.85613  -1.3 13 65613 -1.25  357.3 20.00000 0.08896 52.04779 0.05211 49.28607
2.0 o.6389s 1.8y 3I-3 O.nsely I a-m 22.00000  0.06595 78.34972 0.03170 77.99481
©0 oliaote ik 3lesd e I3 i 24,00000 0405691 101.91210 0.02165 104.34447
Geishhs 1206 3%8.le D-T1898 21T 308.0e 26.00000  0.05057 117.68370 0.01278 121.23688
PSS S 244 oeLe e 2l -3 28.00000 0.04186 127.48676  0.00283 131.23816
Loi0  u.soe3r iz 962 Ouaale  Taeld 9.3 30.00000  0.03068 133.77880  0.00677 317.44831
5.0 oSl i 2.98 D.46304  I6-02 2.31 32.00000 0.01862 138.03636 0.01416 321.5628)
lalo  Oldores  _joroe .34 POE PPN o4 2. 34,00000 0.00740 141.05999 0.01B819 324.44467
. 0. - . . - . 36.00000 0.00172 323.29434 0.01863 326.55419
16.0  ©.20376 -13.82 19.25 0.15599  -16.14 17.11 38,00000 0.00812 324.99916 0.01600 328.15290
2ol0 Srhaula ey a.ss 0.09200  T20we0 -0t 40.00000  0.01171 326.33402  0.01125 329,39841
- - 0f L. - - - - 42.00000 0.01280 327.40144  0.00548 330.39059
22.0  0.06595 -23.62  18.35 0.03170  -29.98  77.99 44.00000 0.01195 328.26996  0.00029 151.19546
24.G 0.05691  -24.90  101.91 0.02165  -33.29  104.34 46,00000 0.00980 328.58688 0.00526 151.85827
26.0  0.05057  -25.92  117.68 0.01278  -37.67  121.24 48.00000 0.00696 329.58586 0.00894 152.41396
28.0 0.04186  -27.56  127.49 0.00283  -50.97  131.24 50.00000 0.00395 330.09137 0.0l114 152.87667
el oloies I30-26 133.18 0:008TT 33 T4 52.00000 0.00115 330.52164 0.01191 153.27253
. . - - - . - 54.00000 0.00121 150.89048 0.01144 153.61149
34.0  0.00740 -42.61 141.06 0.UL819  -34.81  324.44 56.00000 0.00302 151.20850 0.01005 153.90349
360 0.0u172  -55.27  323.29 0.01863  -34.59  326.55 58.00000  0.00425 151.48402 0.00806 154.15624
38.0  0.00812 -41.80  325.00 0.01600  -35.92  328.15 60,00000  0.00494 151.72357  0.00576 154.37585
40-G G.OLl17T1  -38.63  326.33 0.01125  -38.98  329.40 62.00000  0.00520 151.93240 0.00343 154.56718
2. oeoizag T3i-se 32750 O.00ass 3023 FESNE 64.00000 0.00511 152,11472 0.00123 154,73414
. - . - . - . 66.00000  U.00479 152.27397 U.00070 334.87950
46.0  0.009R0  -40.18  328.99 0.00526  -45.59  151.86 68.00000  G.00431 152.41294 0,00232 335.00705
48.0 0.00696  -43.14  329.59 0.00894  -40.97  152.41 70.00000  0.00376 152.53393  0.00359 335.11771
50.L  0.00395  -48.06  330.09 0.01114  -39.06  152.86 72.00000 0.00318 152.63884 0.00454 335.21365
52.0 0.00115  -58.78  330.52 0.0l191  -38.48  153.27 74.00000 0.00263 152.72922 0.00521 335.29627
200 Sioery 128.33 1s0-89 AP S S St 76.00000 0.00213. 152.80638 0.00563 335.36679
seTa  Dioeaer 0w sl o aone T%.se 13330 78.00000 0.00169 152.87135 0.00587 335.42616
0.0 0.00494 4612  19i.72 0.005T6  -44.78 154,38 80.00000 0.00133 152,92501 0.00595 335,47519
62.0 0.0C520 -45.68 151.93 0.00343  -49.30 i54.57 82-00008 0-38104 i52-96803 0-00592 33;-51449
640  0.00511  —-45.82  192.11 0.00123  -58.19  154.73 84.00000  0,00081 153.00097  0.00585 335,54457
66.0  0.00479 -46.40 152.27 0.00070  -63.05 334.88 g:-ggggg g-gg:;: ;;;'ggzgi 3’:2:;; :32-;3:21
68.0  0.00431 —47.3 52.4 0.00232 -52.70  335.01 . . . . .
0.0 0.00376  —anal {55.5; 0.00356 -48.89 335.12 90.00000  0.00051 153.04264 0.00537 335.58264
72.0 0.00318 -49.94 152.64 0.00454 -46.85  335.21
14,0 0.00263 -51.59  152.73 0.00521 -45.67  335.30
76.0  0.006213  ~53.43  152.81 0.00563  -44.99  335.37
78.0  0.00169 -55.42 152.87 0.00587 -44.63  335.43
B0.0  0.00133 ~57.53  152.93 0.00595 44,51  335.46
82.C  0.0ul04 -59.69 152.97 0.00594¢ -44.53  335.51
84.0  0.00081 -61.80 153.00 0.00585 -44.66  335.54
86,0  0.00065 -63.66 153.02 0.005TL  -44.86  335.57
38.0  0.00056 -65.09 153.04 0.G0555 -45.11  335.58
90.0  0.00051 -65.79  153.04 0.00537 -45.40  335.58
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£

H. CASSEGRAINIAN SYNTHESIS PROGRAM

-

=

- P. Potter

Program: 5512, binary in jet Propulsion Laboratory
Library (revised September 9, 1965)
Engineer: P. Potter

Programmer: R. Garrett, modified by W. R. Bunton

A. Program Description

This program synthesizes a theoretically realizable
subreflector/feedhorn system that would provide maxi-
mum possible performance when used as a feed system
for a paraboloidal antenna. Based on a few parameter
inputs, the program generates the required subreflector
surface, the required feedhorn radiation pattern, and
various related parameters of interest to the user.

The solution obtained is frequency-dependent and is
an exact boundary value solution to the problem. The
analytical formulation uses an orthogonal mode solution
to the vector wave equation in spherical coordinates; the
method is described in detail in Refs. 4 through 7. The
basic operations performed by the program are:

(1) The subreflector scattered vector field at infinity is
defined to be a truncated series of spherical wave
functions of azimuthal order one to produce a
linearly polarized distribution with azimuthal sym-
metry.

(2) The wave series is fitted to an “ideal” scattered
field pattern and the mode coeflicients determined.

No7-28723
(3) The feedhorn radiation patte;) is expr%ssed as an’

arbitrary polar dependence and with order one
azimuthal dependence.

(4) The total field at the subreflector surface is set
equal to the sum of the spherical wave series and
the feedhorn radiation pattern.

(5) The subreflector is defined to be a surface of revo-
lution.

(6) An approximate (hyperboloidal) surface is chosen.

(7) The approximate surface is perturbed and the feed-
horn azimuthal pattern chosen such that the azi-
muthal component of the total electric field is zero
on the subreflector surface. This defines the surface
and the feedhorn azimuthal field component.

(8) The feedhorn polar component is varied until the
total electric field is everywhere normal to the sub-
reflector surface.

The resulting subreflector surface is infinite; the per-
formance effect of truncation has been investigated by
use of the Scattering Program (VI) (Ref. 8). Because of
the truncation problem and also to provide flexibility,
the Cassegrainian Synthesis Program has an optional card
output for driving the Scattering Program.
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B. Applications

The originally intended application of this program
was to synthesize ultimate-performance feed systems;
however, this application has not yet been proved too
successful because of difficulties in feedhorn pattern syn-
thesis (Ref. 9).

A second application of the program is in the synthesis
of subreflector vertex matching plates. In this applica-
tion, the “ideal” scattered field pattern is chosen to sup-
press axial backscatter; a subreflector surface with a
centrally located matching structure is then synthesized.

The third application of this program is as a check on
the performance of other less rigorous synthesis tech-
niques (Ref. 10).

C. Input

Card Parameters Format

1 NCASE, NOPT, NUMDH, N, 1215
NEN, ISPOT

2 EK,C, A 3E20.8
3 PSIMAX, PSI1, PSIZ 3E20.8
4 DPSI, EM, PSIBLK 3E20.8
5 FLP 3E20.8
6 See below 10A6
7 See below 12A6

NCASE = case number
NOPT = 0, if no delta-H matrix is to be read in
NUMDH = 0, if no delta-H matrix is to be read in;

= number of delta-H points if it is to be
read in

N = maximum wave order
NFN = 1, if a printout of FN is desired

ISPOT = 0 if output is desired for Scattering Pro-
gram;

= 1 if this output is not desired
EK = K, propagation constant, in.!

C = nominal subreflector half foci separation,
in,

A = nominal subreflector vertex location, in. -
PSIMAX = 91° = last point calculated
PSI1 = lower bound of desired scattering func
tion, F(y), deg
PSIZ = upper bound of desird scattering func-
tion, F(y), deg
DPSI = delta-psi, increment in y, deg

EM = epsilon, accuracy requirement on subre-
flector surface, in.

PSIBLK = central angular blocked region for efhi-
ciency calculation, deg

FLP = paraboloid focal length, in.

CARD 6 = appears as a descriptive heading for the
case

CARD 7 = appears as a descriptive ending for the
case

Note: If NOPT > 0, then tables arc to be read in be-
tween Cards 4 and 5. The cards have DH(J), GAM(])
from J = 1 to NUMDH, two values per card on 2E20.8
format.

] = index of a feedhorn polur angle
DH(]) = feedhorn pattern phase crror, deg
GAM(J) = feedhorn polar angle. deg

The 7094 machine time varies with wave order N as
shown in Fig. 1. The time is expccted to be sensitive to
the quotient of epsilon and wavelengtli (probably roughly
inversely proportional); however, this has not been
quantitatively investigated.

[ em=00i0n. }
EK =1.2218 in”! | A
c 48 T
E ; /
- : A
w - l A
s 36 ‘ '.’,/
l— Py
o
Q 24 ) ]
Z o
5 /
& 12 e —
- i |
(o] | L i
(o} 5 10 IS 20 25 30 35 40 45
N—>

Fig. 1. Running time versus N



- D. Qutput

The program prints out the various input parameters,
_and the mode coefficients AN. The following parameters
are printed versus the polar angle PSI:

JPL. TECHNICAL REPORT NO. 32-979

Parameter Physical quantity Units
FHXI,FXIDB Required feedhorn | Relative
azimuthal field field, db
component
FHGAMMA, Required feedhorn | Relative
FHGAMMADB polar field field, db
component
LCR Radius from feed- | Inches
horn center of
radiation to
subreflector

The Synthesis program has an optional card output
(controlled by the ISPOT input) for use with the Scat-
tering Program (VI). The card output is in groups of
cards, corresponding to F(X), G(X), X, AR(X), AI(X),
BR(X), BI(X), CR(X), CI(X), DR(X), DI(X) and X. The
first card prior to the F(X) group is a header card which
must be discarded. For use with Program VI, KC should
be input to that program as 2x/XA. Several minor pro-
gramming errors exist in the Synthesis Program that
require minor hand-calculated modifications to the card
output; these modifications are described below in the
sample case discussion.

E. Sample Case

A typical sample of printed output is included. The
output should be self-explanatory with the exception of
certain erroneous data caused by presently existing minor
programming errors. The data for values of PSI greater
than 86° is incorrect because the program has caused an
incorrect quadrant count for the phase angle DELTAM.
Generally, this error will not cause engineering difficulty
because the subreflector will be truncated prior to the
point at which the quadrant-counting logic fails.

A second sample output is a listing of the cards pro-
duced for the Scattering Program. As shown, the F(X),
G(X), AR(X) and AI(X) groups will have obvious errors
which must be corrected by hand calculation. The cor-
rected first F(X) value is obtained from the printed output

Parameter Physical quantity Units
RM Subreflector radius | Inches
from focal point
RHO Subreflector radius | Radians
from focal point
DELTAR Subreflector devia- | Inches
tion from hyper-
boloid
DELTAM Phase deviation of | Degrees
scattered field at
hyperboloid
surface
GAMMA Feedhorn polar Degrees
angle
FSM, Amplitude of scat- | Relative
FSMDB tered field at field, db
subreflector
surface
FSINF, Far-field polar Relative
FSINFDB pattern field, db
RP Paraboloid radius | Inches
from focal point
DELTAP Phase deviation of | Degrees
scattered field at
paraboloid
surface
FSP, Amplitude of scat- | Relative
FSPDB tered field at field, db
paraboloid
surface
ETA, ETAS, Various aperture None
ETA1, efficiency factors.
ETAX, ETAP, See Efficiency
ETAB Program (IX)

The following are printed versus the feedhorn polar
angle, GAMMA:

by the following relations:

LCR(PSI = 0) = 2C — RM(PSI = 0) (1a)

F(

—1

X\) = TCRPST=10)

(1b)
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The corrected first value of G(X) is always zero. The
second value for G(X) is obtained from the printed out-
put by the following relation:

F(X,) — F(X,)

GX:) = = —% @)

where F(X,) is the corrected value.

The corrected first values of AR(X) and AI(X) are ob-
tained from the printed output by the following relations:

2C — RM(PSI = 0)

FHXI(PSI = 0) = [ ] FSM(PSI = 0)

RM(PSI = 0)
(32)
o= tan [ DT (3b)
AR(X,) = [FHXI(PSI = 0)] cos ¢ (3c)
AI(X,) = [FHXI(PSI = 0)] sin ¢ (3d)

Care must be taken with (3c) and (3d) that the correct
signs are obtained; the AR and AI values for X, should
be very similar to those for X..



Sample input

100 [ [d] 22 ] 0
142909 114.0 15.2674
9le Oa 6U.

1.0 0.01 Ue
432

55 FOUT SYNTHESIS, 2425 i, NO VERTEX

END GF CASE 100

Sample ovutput

CASSEGRAIN SYNTHESIS

CASE 100 85 FUDT SYNTHESIS, 2625 ML, NO VERTEX
INITIAL AND IN>UT QUANTITIES
MAXIMJM WAVE DRDER = 22 NUMBER DF DELTA-H POINTS = 3

SJBREFLECTOR ANGLES IN DEGREES

PSIL = .00 P31Z = 50.00
GEOMETRY AND SPACE CONSTANTS
K = 1.2309 ¢ = 114.0000
PSIBLK = 000 F = 432.00
ACCURAZY REQUIREMENT
EPSILON = V. 010

DELTA-PSI =

PSI-NAK = 91.00

A = 75.2670

JPL. TECHNICAL REPORT NO. 32-979

Sample output

V@ NOWVMEPWwN~

AN TABLES

(3]

0.74999999% 00
2.62499999r 00
J.10937500% 00
~3<35156250: 00
-J.4082u313 w0
-J.8886718¢ -0t
J. 26458740 GO
J).32736206 OV
J.T76393129 -0k
~0.22117996 UL
~2.25132105 wo
=J-67942257_ -k
2.193v3107 VO
3.250%4851.
I-61THT666 -~k
~2-174¢2356. v
—J. 22510091 00
—3.5T033583 ~0}
I~ 16044640, 00
321076738, 0
353226898 -4
-2~ 14410586, U
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Sample output

PSl RM DELTAR DELTAR RHO GAMMA
0.0 38.781 0.048 7.08 50.062 0.00 -
38.783 0.046 6.34 50.065 0.20
38.789 0.042 6.13 50.073 0.41
38.799 0.03« 5.05 50.086 0.61
38.815 0.025 3.71 50.107 0.82
38.837 0.015 2.25 $0.135 1.02
38.866 0.005 0.79 50.173 1.23
38.904 ~0.004 =0.55 50.221 1.43
38.950 ~0.012 ~1.67 50.280 _ 1.64 e
39.005 =6.017 ~2.48 50.351 1.84
39.070 ~0.021 ~2.95 _50.435 2.05
39.145 <0.021 ~3.05 50.532 2.26
39.230 ~0.019 ~-2.77 50,642 2446
39.326 ~0.015 ~2.14 50. 765 2.67
39.431 ~0.008 -1.24 50.901 2.88
39.545 0.000 20.17 51.048 3.09
39.667 0.008 094 51+206 3.30
39.796 7 T 0.016 1.93 51.372 3,51
39.931 0.021 2.69 51.547 3.72
%0.071 0.024 3.10 S1.728 3.93
40.216 0.023 3.12 51.915 4ol o B
<367 T 0.019 T 2.76 52.109 = 4.35
40.523 0.013 2.06 52.311 4a56
T TT%0.685 7 T0.006 T .09 52.521 477
40,856 -0.005 -0.05 524740 4.98
%1.035  ~0.015 —1.23 52971 .19
41.223 -0.024 -2.36 53.215 Sa4l _ .
T 81423 T -0.031 -3.30 53.473 5,62
41,636 -0.035 -3.95 53,748 Se 84 L
al.862 «0.035 821 54,040~ T6.05 7
42.103 -0.030 ~4.00 54e 351 6427
42.359 <0.020 =3.27 54.681 6.49
42620  =Q.015  ~2.04 55,018 671 o
T TT42.899 -3.003 <39 T T T85037s 6.94
_43el191  0.012 =30 554755  _T.l6 L
43,494 0.026 3.41 N Y T.39
43.808 34040 5.08 564551
9.050 6.30 56,966
_ _0.055 2 _
0.059
_ 0,047 B
0. 062
0.029
G.013
~=9.005
-0.025
 =0.046 61.210
=0.067 61. 760
«0.089 62.330
4B T42 <0.111 62.921
49,218  ~0.133 ~34.64 634536
49,713 «0.15¢ -26.72 6helT6
. m0.173 38,53 64.839
«2.191 <29.94 65.529
~0.199 -20.78 664258
~9.203 ~20.84 67.019
_ 0197  -~39.92 67.821 . -
«0.179 -37.79 68.667 12.63
~0.146 ~ -14.31 = 69.561 12,91 - _ -
~0.098 ~9.43 70.506 13.18
_=0.037 +3.21 71500 13e47 A .
D044 &.13 72.554 13.76
02134 12.28 734654 14406 _
9.231 20.54 744801 14306
3.336 29.90 75.996__ 1l4sb6 _ S
0.448 39.11 77+239 1498
9.569 8.75 786537 15.29
9.705 $9.15 79.897 15662
_0.863 _ 70.91 _ _ 81.332 15495 R .
1.055 84.85 82.858 16429
7040 _ 650456 _ 129> 102.94 Bbe 498 16ebS o
7le0 664825 1.593 122.68 86264 17.03
— T240 68,280 12934 145.83 880143 L7.43
73.0 694802 2297 168.37 90. 108 17.83
__T4%e0 . Tle338  2.626_ _187.92_ 92091 18022 I .
7500 72.898 2.928 204.42 944106 18.61
T6e0 _ T4.500 _ 34220 ___ 219.17 964172 - B
77«0 764175 3.528 233.96 9843364
7840 77969 3.896 251.54 1000650
7940 794976 4,415 29717
8 __ 82325 54209  317.56_ _ e
844825 6.083 369.78
_B7.178 | 6,737 = 386.39 = 112.539 ol
894469 T.247 “02.94 115.495
91799 T.713 415.37 1184503
944230 8.190 aZ26.82 121.642
964831 BaT40 440.29 124.999
:5-; : 1956 v7.03 119.022
79 _ 3e288 57.27 1234664 23408 _
994508 . %Tz‘.’s's' 1284455 23,74 ERRONRDUS “DATA
94,371 #3,027  -1237.28 1214823 22,49 4
97181 «2.862 -124.65 1254451 A_EEJEiJ
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Sample output

P FSH FSINF FSHDB FSINFDB GANMA
0.0  D.95787 1488530 +~0.37 0.47 0.00
T«0 <960 5 0. O. .
2.0  0.96686  1.94930 ~0.29 0.42 0.41
3¢0 097719 134223 +0.20 0.%6 N3y
_ 4s0  0.99003  1.03313 ~0.09 0.28 0.82
S.0 1.00382 0.03 0.20 .02
60  1.0k681 o8 0.14 0.10 1.23
Te0 1.02727 1.00143 0.23 0.1 1.43
8«0 1,03376  0.99279 0.29 ~U.06 L.64
3.0 03541 0.98628 0.30 TTEe.12 I.3%
1048 1.03206 0490278 0.27 -0.15 2.05
it.0 102439 0.98270 0.21 <0.15 2.76
120 1.01382  0.98618 .12 ~0e12 2.46
13.0 1.00230 099296 0. 02 ~0.06 Z.87
140 0.99206  1.00246 +0.07 0.02 2.88
15.0 J3.98515 101378 +D.13 0.12 3.09
16,0  D0.98348  1.02579 ~0.19 0.22 3.30
1740 0.98698 1.03727 ~0.11 0.32 3.51
18,0  De99654¢  1.04702 +0.03 0.40 3.72
19.0 1.01104 1.05405 0.10 3.93
2040 1402902  1.05770 0.25 .14
el T 1 D%862 T 1,057V [P “.35
2240 1.06782  1.05452 0. 57 4.56
23.0 7 1.08480 1.04877 0. 71 & T7
2440 1209721 1.04171 0. 8L 498
25.0 ~ 1.104%6 1.0F48% U.86 5.19
2640  1.10478  1.02973 0.87 5.41
27.0771.09859  1.02Te4 B8z 5.62
1.08642 1423028 e T2 5,84
‘led6B&6  1.03T62 D587 T 0.32 6.05
1.06827  1.06978 B4l 0.42
1.02770 1.06600 B.26 6.6
1.01010 1.08487 0+ 09
D.99890 1.10451 S T G
0.99693  1.12280 «B.03
1.00613 1.13767 8.05
102716  1.14745 0.23
1.05933 1.15110 0450
081 l.leB4s .83
896  1.14032 | P¥3Y
1.20085  1.12851 159
i1.2529% 1.11559 1.6
130280  1.10466 229
1234493 1.09889 2e57
1437835  1.10011 2.79
T1.39968  1.11333 2.92
1.40684  1.13633 2ev6
1439861 1.16937 2491
137475 1.20011 2476
1.33618  1.25461 2.52
) 1.28459  1.29765
1.33316
0 lel529 1.35482
1.07892  1.35872
100320 1.33401
D.92814  1.283%6
0.85574  1,20432
0.78780  1.09762
0472503 D 715
D.66963 081872
362109 0565974
2.57978 D 49862
0 0a54395 04538395 p
351094 0520370 ~5.83
DehTIS5 _DOBASE  ~be42
D.44089 <=0.,30882 +7.11
0439919 _=0,07399 ~7.98
0435237 =0414102 9406
0030221 -0s12226 -30.39
Da25229 -0s511213 -31.96
0420764 ~0.)8632 ~23465
Tla0 017359 -—0s06133 -15.21 ~25.74
J2sD 0,1532F -0501363 ~16-29 =37.31
T3.0 Da14413 0502097 ~16.82 =33.57
V7 _ 0504793 ~27e11 ~26439
1540 0413239  0.06434 -37.56 ~23.63
_T6.0_ 04110927 0506905 —3B4 47 ~23.22
77«0 0409977 0506270 ~20.02 ~24.05
7840 007625 0504736 -22.36 ~26.49
7940 0405369 0502819 ~25440 “31.04
80.0_ 0.04082  0.00286 -27.18 -$0.88
0404384 —04531899 2716 ~34.43
De05351  -0s03621 -25443 ~28.82
0.05993 -~0.04660 ~24.45 -26.63
0405951 -0.06911 ~24.51 ~26.18
0405193 —~0.04391 ~25.69 ~27.15
0403868 -0.03231 28425 ~29.81
DJ02422 —0.01645 -32.32 ~35.68
J.01536  0.,3010) ~$9.89
002347 0,01734 ~35.22
0.u3550 _ 0403013 ~30s42
0.04208 0.33783 -27.52 ~28.49 22.93
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Sample output

SARRA FHES FHBANNA FHXEDB PHGANNADB LCR
.20 4.68437 4, 68923 13.4% 13441 109.224
<81 . - T9.%7 13.%48 T89.280
B.61 4.76679 4. 77044 13.56 13.57 189.265
. T 402829 43302 13.68 13489 189.299
1.02 4.89304 4.90043 13.79 13.81 189.341
1.23 4.95473 4.98358 13.90 13.92 189.3%0
.43 5.00238 5.02156 13.98 14,00 189.446
. . . 1) 14.03 14.05 189,
1.84 5.0323¢ $.03862 14.04 14.05 189.574
2.0% 5.060962 5.01262 14.00 14,00 189.645
2.26 4.96486 4.96358 13.92 13.92 189.721
2.48 4.90502 4.89888 13.81 13.80 “189.802
2.67 4.83976 4.82878 13.70 13.68 189.889
. 4.77982 ¢. 76481 13.59 13.56 189.980
3.09 4.73531 4. 71786 13.51 13447 190,078
. T &.T13%0 4.69633 T 13.47T 7 1346 7 190.18%
3.51 4.T1963 4.70462 13.48 13.45 190.299
ITZ 4 75236 7 4 T&256° 7 13547 T13.527 190.42%
3.93 4.80804 4.80568 13.64 13.64 190.559
.14 4. 87985 #.88608 13.77 13.78 190.706
«.35 4.95810 4.97376 13.91 13.93 190,864
4,567 5.03396 3.05788 I8.04 14.08 191.032
4,77 5.09737  8.12785 14.15 14420 191.211
R85, 18020 8.17429 14.22 16.28 191.399
5.19 5.15586 3.18981 14.25 14430 191.597
.41 5. 14028 ¥.16971 14.22 “Te.27 191.802
S.62 5.09242 8411267 14.14 14417 192.015
T 5.84 5.01467 T 3.02130 T14.00 i4.02 192.23%
6.05 4.91315 4.90257 13.83 13.81 192.460
82T T %.T79758 476736 13.62 13.57 192,691
6049 4468078 4.65195 13.41 13435 192.929
6.71 4. 57848 #.54518 13.21 13.15 193.181
6.94 4.50421 445241 13.07 12.97 193.438
Telb ™ 4.&TIDE  auélé48 13.01 12.90 193.705
T.39 4.48729 4.43237 13.04 12493 193.982
7.62 4.55514° #.50880 13.17 13.08 194.273
7.84 4.67088 4.63955 13.39 13.33 1944578
B.07 4.82581 4.80662 13.67 13.6% 194.898
__8.30 5.00727 8.02925 13.99 14.03 195.232
8453 5.20397 S.Za881 14.33 TA440 195.589
B.76  5.39733 5.44563 14.64 1472 195,954
8.99 S5.57566 85.65584 14493 i5.05 196.338
S+482168 15.15 15030 196.736
5.94096 I5.31 15048 197.150
6.00282 15.39 15.57 197.578
3.99964 15.38 15456 198.021
8.92767 15.27 15.46 198.480
3.78741 15.06 15.25 198.954
5.58354 14.76 14e94 199444
9.32435 14.35 18.53 199.950
Mell  4.93004 8.,02080 13.86 14402 200.473
11.36 461426 4.69049 13.28 13.42 201.012
13,60 428419 4.33027 12464 12.73 201.569
T1.85 3495091 3.96333 11.93 i1.96 202.142
12411 3.62436 3.60824 11.18 1l.15 202.733
12.37 3.31203 3.28144 10.40 10.27 203.341
12.63 3402004 2.93597 9460 9.36 203.968
12.91 2275343 2.563964 8.80 8.43 204.61%
13.18 2.51602 2.38208 801 7.54 205.280
13047 2430963 2.15632 7.27 6.67 2054969
13.76 2413208 t.96829 6.58 5.88 206.683
14.06 1.97751 "Le81557 S.92 Se18 207,424
14,36 1.83582 _  1.6T80L _5.28 4450 2084197
14.66 t.69541 1.54447 459 3.7 209.002
14498 = 1.540623 Lo 40284 _3.79_ 2494 209.841
15.29 1.38260 L. 24602 2.81 1.91 210.717
15.62 1.20485 1207360 1.62 0.62 211.630
15.95 1.01967 0:89236 0.17 =099 212.582
1629 0583949 0s71570 ~1e52 =291 213.576
1665 0.48080 0:56217 ~3.34 ~5.00 2144616
17,03 0456033 0s45036 -5.03__ ~6.93 215.705
17.43 0448659 0.38641 6420 ~8e26 216.852
17.83 0445026 0:36293 -6.93 -~8.80 218.060
18.22 0442880 035629 ~7.35 YIS 219.332
. 076 0434047 _=Te94 =946 __220.668
19.00 35552 0430435 ~8.98 *10.33 2224071
19.39 0429280 0.24T06 ~10467 “l2e 14 223.546
19.80 0422013 0-17637 ~13.15 -15.07 225.102
20426 0015224 0:11037 ~16.35 «19.1% 226.763
20.78 0011334 0,07707 -18.91 ~22.26 228.567
2131 0.11912 0.08582 ~18.48 -21.33
21.80 0.14271 d.11476 -16491 ~18.80
22425 0415712 0513493 ~16408_ =17.40
22469 0e15346 0413506 ~16428 ~17+39
20013 0.13170  _ 0.11525 ~1Te61 ~18.77 238.994
23459 0409644 0510706 -20.32 1941 241.413
22442 0606342 ~0.09979 -23.96 ~20.02 2414422
23.08 0403917 0402333 -2Bel% ~32.64 2644.206
2374 0.05830 ~0,07620 ~24469 ~22436 2474172
22449 ~0.08969 -20.65 ~20.95 2464759
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. Sample output

SCAVTERED -FIELD AT THE PARABOLOED SURFALE

[ 23] 14 DELVAP FSP
0.0 432.000 -2.02  L.DS27)
1.0 ©32.033 -2.01  1e.D%121
2-0 432.132 -8.93  1.04685
3.0 432.296 -0.62 1.03998
4.0 432.527 “0.66 103117
i 5.0 432.824 ~0.47  1.02117
' 6.0 433,167 -0.25 1.01085
7.0 433.616 -0.0: 1.00114
| 8.0 4342112 0.18 099295
! 9.0 434,676 D.37 0.98706
| 0.0 435.307 0.50 0.98411
} 1.0 #36.005 0.57  D.98484
: 2.0 436.712 0.57 0.98812
' ts.0 437.608 0.50 099486
L 14.0 438.513 0.3¢ 100406
5.0 439,488 0.1t 1.014R7
t6e0 440.533 -0.03  l.02621
17.0 441649 “0.23 1.03694
| 18.0 442.837 ~0.41  1.04597
I 9.0 444098 -0.52  1.05238
: 20.0 485,431 “0.5% 105562
21.0 466,649 ~0.5¢  1.05%54
! 22.0 f&B.323 ~Da 4t 105247
2340 449 BE2 0.2t 1.04719
24au 451.518 “0.0¢  1.04UBT
25.0 453,242 0.19  1.03492
26al 455,026 0.42  1.03079
27.0 456900 062  2.02979
28.0 458,655 D.T2  ).03287
29.0 460,893 0.72 1.04050
A0l 463,016 0.61 2.05253
3.0 465.225 D.40  1a.D6E20
3240 467,520 D12 2.0861%
33,0 469,905 -0.1¢  1.10471
34 lt 472300 ~B.4t  2.12181
5.0 ST6o 947 -8.7C  1.2356C 1.0
3eatt 471,607 ~0.84  1.14452 1.1y
7.0 €BO. 364 “0.87  1.14766 1.2¢
380 483,219 -0.78  1.14495 1.s
1940 486,173 -0.5%  1.13727 1.12
40a0 489.229 “0.22 1.12639 1.0
4l.0 492389 0.1y 111483 0.9¢
LY 495.656 Bebe  1.10554 0.R7
3.0 499,031 1,01 2.10148 V.84
4.0 502.518 1.2¢  1.10521 o.ev
4500 506-119 1.37  1.131850 0.97
Lba i 5098147 1.2¢ 1.16194 1.1%
LYY 5134675 D94  1.1T7473 1,40
4B.U 5317.635 0.45  1.21456 1.69
“9. 0 521.721 -8.15  2.2576k 1.99
S0« 525935 ~0.80 2.27
51.0 53042862 -3, 84 2.50
52.0 : <2.02 2.6
S4.0 539, 308 ~2.52 2462
Saali Sat. 15 2489 2.6
55.0 549,068 “3.12 216
6.0 556133 -3l 1.5¢
5740 559. 354 «3.04  1.09343C 0.77
SBel 564.736 266  D.UBASY -0.32
590 5T0.263 “1.95  D.hR63L -1.7¢
6Ua U 276000 ~0.TT  D.658£9 -3.62
61.2 5614593 1e10 D.499tL -6.02
€2a00 587.966 Gebl  LLDRTYS =vi1T
| 630 594,027 31.54  0.212¢z8 ~33.46
l 64u0 600679 30.39  0.10401 ~29.t6
| 65.0 507331 93,45 D.USTE ~26.7¢
| Ceetr [ Ao 1l DL0RYTZ ~20.94
i 6T.0 621256 183.80 0.11891 -18:50
¢ 68l b2B.543 159.9¢  D.12686 -17.93
! 690 646,057 163499 Vo) 14y3 ~18:79
L TUett 643,80t 167,79 DJBBLS -21.1¢
| 71.0 651796 AT3. 7t D.057R2 ~25.5&
¢ T2e0 660.037 19 2¢  D.UY6B2 ~35.4k
I 7340 BEH. 536 321.7C D229 ~32.77 A
H Teat 6TT.ACE 33he26  D.UMBBE -26.22
i 5.0 Abb . 35F. 340.56  0.0650C ~23.7¢
Toats 695,696 342.9¢ 006956 ~23.15
tTa0 TOSe 284 b, v Datib630F ~24.00
TEe TS 286 T. 106 DLt TEE -26 .60
9av 124557 351.45  D.l2689 ~31.54
[LPR Tt et 393.84  D.00437 -&7.19
‘ Blav 147,124 SlbatT  Doi1929 ~34.,20
Blat 758 .445 521.6¢ 0.636249 ~28.7¢
[ ETI 10143 $23.77 O.(&6¥S ~26.00
Blay 525.1% [ ) ~26.1¢
BYal 526030 Detssl) ~27.13
Bt BUT. 60 S27.91  0.03239 -29.79
arsl 828,021 531.1¢8 0.01654 35,42
BEol BAk.HEH 650431 DL U182 -54 t0
BYeu 849V EO 70718 DL Ter ~35.1¢%
0.0 iy 0692  0.0301Y ~30.40
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Sample output

“END OF :CASE®®O T T

HYR FIELD

PSt EFA_ _ETA S ETA L ETA X ETA P ETA B
1.0 0.00026 000086 1.00080 1.00000 1.00000 1.00000
<0 0. O. 3 . 1. .

340 0.00232 0.00233 0.99999 1.00000 1.00000 1.00000
4.0 0.00810 0.004%0 0.999%  1.00000 1.00000  1.00000
S0 0.008634 000634 0.99991 1.00000 099999 1.00000
640 0.00902 0.00902 1.00000 0.99998 1.00000
T.0 0.08202  0.9Q1212 1.00000 099997 1.00000
840 0.01%63 0.01584 1.00000 7 0.99996  1.00000

940 0.01955 0.019%6 1.00000 099995 1.00000

10.0 0.02389 0.02391 1.00000 0.99994 1.00000
11.0 0.02867 0. 02869 1.00000 0+99993 1.00000
12.0 0.03393 0.03394 1.00000 0699993 1.00000
1340 0.03969  0.03971 56 1.00000  0.99993 _ 1.00000
1440 0.04601 T 0.04663  0.99961 1.00000  0.99994 100000
1540 0.05292 0405294 0.99966 1.00000 0.99995 1.00000
1640 0.06046 0.06049 099969 100000 0e99995 1.00000
170 0.06865 Ve 068E 0.99970 1.00000 0.99995 1.00000
18.0 0.0774% 0.07751 0.99968 1.00000 Ue99995 1.00000

19.0 0.08694 0.08698 0.99966 1.00000 3499995 1.00000

2040 0.0963%9 0.09703 0.99964  L1.U0000° T 0.99994 1.00000

2140 0.10755 0.40760 0.9996% 1.00000 0.99994 1.00000

2240 0. 11858 0.11863 02999866 '1.00000 0+99994 1.00000

2340 0.13001 0413006 0.99969 1.00000 0e99994 1.00000

2448 0.14X79 Qsl4183 0.99971 1.00000 Ve 99995 1.20000

2540 0.15389 01539 0.99972 1.00000 Ue99995 1.00000

2640 0.166372 0. 16638 0.99971 1.00000 U.99995 1.00000

2740  0.17915 0417921 0.99968 1.00000 2499995 1.00000

2840 0.19244 0.19252 0.99965 1.00000 0699994 1.00260

2940 0.20633 0420642 0.99%963 1.0000¢C 0.99993 1.00000

3040 0.22094 0022103 0.99964 1.u0000 Ve99993 1,00000

3140 0.23640 0623649 0.99966 1.00000 0099993 1.00000

32.0 0.25283 0.25257 0.99968 T.U0000 De99994 1.00000

3340 0.27029 0.27039 0.99968 1.00000 U.99994 1.00000

34.0 0.28882 Ue 28893 0499967 1.00000 0e99994 1.00000

3540 0.30835 030848 0.99963 L. 00VLO De99994 1.00000

3640 0.32878 0.32893 0.99959 1.00000 $.99993 1.00000

37.0 0.34992 0435010 0.99956 1.000V00 Ve 49992 1.00060

3840 0.37158 0.3717% 0.9995% 1.00000 3-99991 1.00000

3940 0.39354 039374 099957 1.00000 Je99991 1.00000

«040 041561 O.41582 0.99959 1.00000 0.99992 1.00000

41.0 0.43770 0.43792 0.99959 1.00000 Ue99992 1.000060

4240 0.45980 0446004 0.99956 1.00000 Ve99992 1.0L0000

4349 0.48204 0448233 0.99948 t.00000 0499991 1400000

442D 0.50458 050504 0.99940 1.00000 0299990 1.00000

4540 0.52810 0.52852 6.99933 1.00U00 Ue99988 1.00000

4o 0.55274 0055321 9.99930 1.00000 099986 1.00000

470 0.57910 0.57958 0.99932 1.00000 U.99986 1.00000

4840 0.60761 0.60810 0.99935 1.00000 0.99986 1.00000

4940 0.63859 0.63911 0.99932 1.00000 099986 1.00000

_D.&7216 0467279 8.99921 1.00000 be 99986 1.00000
0.70817 0.70900 0.99898 1.00000 U.99985 1.00000
0.74614 0.74724 0.99672 1.00000 299981 100000
0.78523 078661 9.99850 1.00000 Ve 99975 1.U000D

__0.B2424 _ 0.82582 9. 99842 1.00000 Ve99367 1.00000
0.86167 0.86325 0.99846 1.00000 0.99959 1.00000
0-89581 089760 0+99844 L.U0000 Ve99951 100000
0.92431 0.92737 0.99789 1. 00U0D De9945 1.00200
0.94731 0.95157 9.99610 1.00000 V99942 1.00000
0.96167 0496990 9-99210 1.00000 Ua99941 1.00000

6040 0.96713 0e 98265 B.98478 1.00000 Ve99342 L0000

6140 0.96341 0.99061 0.97310 1.00000 De99943 1.00000

6240 0.95083 099493 9.95627 1. 00000 0.99338 1.00000

6340 0.93033 0.99685 0.93402 1.v0V00 Ue9991Yy 1400060

6440 0.90325 0299748 0.90687 1L.0v000 Ve99852 1.00000

6540 0.87122 099765 0.87654 L.u0N00 Ve99582 1.00300

6640 0.83650 0.99778 0.84796 1.060000 GeP8868 L.00000

67.0 0.80047 0.99806 8.82183 1-00V00 U.97591 1.0000U

6840 _ D.76475 0.99843 879773 _ 1.u0000 Ve96016 1400J00

6940 0.73060 0.998B0 0. 77455 100000 Ue94439 1400000

700 0.69885 0.99907 0.75137 1.00000 093097 100600

71.0 0.66998 0499920 09.72762 1.U0000 Ve 92152 L+ 00000

7240 0.64408 099923 8.70308 _ 1.00000 0091680 1400000

7340 0.62085 09992 0.67880 L.u0000 De9l533 Le00OLD

740 0.60012 = 0.99928 0.65629 1.00000 0e91508 1.00000

7540 0.58123 0.99936 0.63565 L.0LU00 Va91497 L.U0000

7640 056357 0099945 0.61628 1.00000 Je 91494 Le000VD

770 0.54656 0499959 0.59760 1. 00000 De91496 1.00000

78490 0.52975 099968 0.57913 1.00000 Ue 91502 1. 00000

7940 0.51279 099971 0.56053 1.00000 De9L509 1400300

8040 0449555 0.99972 0454167 L. 10V00 Je9lS1l 1400000

8led 0.47818 0.99973 8.52335 [ YTV 0e91393 1.00000

82.0 0.46052. 099975 0.50640 1.0V000 Ue 40962 L« V00UY

B340 0. 44237 099979 049063 1.0000U0 0690304 1.00000

844D 0.42584 0.99986 Oe 47568 1.0U000 DeBY9536 1400000

8540 0440940 0499991 B.46119 1.00000 0eB8YTT 1.00000

86.0 0.39389 0099995 044686 1.40000 Ue BB149 LeUOUUL

8740 0.37945 0499997 0e43247 L+00000 Da87741 LeU000D

8840 0s36618 0.99957 Be41798 1.00U00 Ve 8TH0Y 1o 00200

8940 0.35388 0.99998 0.40401 1.00000 C.87594 1.00000

9040 0.34256 0.99999 039106 1.0U00Y Ue 87599 Lo GUUO0O




FOFR

2578
~0.52838098E-02
2

H
09.521I5602E-02
26b2 4

Sample output

'0.52768515('.2
370!

-0 36049k~
~De$S2749976E-02

00-511300.95-02

-0.528148.
-0.52708879€-02

L] Ve
~0.52514481E-02 -u.szar11lae—oz -l.izs:swost-oz —0e52393435E-02 -oasza4rzlse-uz -0452298270€~-02
T0.52200TROE-02 <9.%52193009-02 =8,52137126E-02 ~Te 360E= =0.51
~0.51 890484E-02 -0. 5183256902 ~0.51764866E702 —0.51696098E-02 -o.§l6249135-02 -0.515510736~02
B SIATIVIE-0Z 9-51393; "2 ~8,.313088316-0 ~0.51221111E-0D =0.51 —0.5103227T
~84529326498-02 ~8.50829488E-92 ~8,50722889§~02 —D.50612912E-02 -o.soaoosaze-oz -0.50382898E~02
~0.50262838E-02 ~0.301393706-02 —8.30012+628-02 —J.49882093E-02 ~0.4 2 —0.4961
—0.43470223E-02 ~0.49326072E-92 ~8. 491 78491 E~02 ~D.49027418E-02 ~0448B72699E-02 ~0.48 714065602
CO.AESS092LE-02  -0.48383388E-92 -0.48710338E-02 =0, %O TE= —D. 4 T646506F— “0.4T6
~ReeT45TRETE-D2 ~0.47252369E~-92 ~0.47040659E-02 —0.46821681E-02 -0.46594921E-02 ~0.46359531€+02
0,451 1AMAIE-02 <B.4565R91AE-02  -D.A5502948E-07 0. 45316844E-02 —0.& 3E-02 Z0.%4733 2
~0.44424224E-02 -a.~409nasle-oz -08.43750938€-02 - 3o 43384T20E-02 —0.43012654E~02 ~0.42633680E-02
“B.AZZGAIATE-DZ ~0. 418419 %9062E-0, H
~0,4052541 3E-02

saFx

0.86862172E Ot

6.86862172¢ 0!

~D.12D47589€-03

—3. 196084 3BE-03

Z0.265657T90E-03 —0.32825768E-03

~D.38389862E-03 ~0. 4333108 7E-83 —0. 47740340603 -0,51735342E-03 ~0e 5542486903 ~0.58932602E-03
~0.6243T553E-03 ~0.6604T50TE-83 9. TO078671E~03 ~B. 14754655603 ~0.8026212 —0.86675584E~03
~0.939)7118E~03 -8.101721296-02 ~D. 10979TT2E~02 —De 11 TB2TISE-02 ~0.12553781E-02 —~0.13273209€-02
<0.13928860¢-02 ~0-14511794E-02 “B.1501947HE-02 =3.15449375E-02 ~D.15805215€— ~0.16095936]
~04 15342402602 ~0.16582161€-02 ~0.17555803E~02 —0e17625540E-02 ~0418099099E-02 -0.18694103E-02
<0.17420683E-02 ~0.20261705E-02 =0.21179616E-02 ~0.21898150E-02 —0.23585558E-02 ~0.237023636-02
—0.24834424E~02 -0.25636256E-02 -0.2638TBTOE~02 ~0e 27T098060E-02 ~0.27775168E-02 ~0.+284282B6E~02
~0.25062182€-02 <8.29 o2ZE-82 ~D.20269921E-02 T0.30829459E-D2 ~0.31341612E-02 ~0.319118806-02
. 320258T4E-02 ~D.32411069€-02 -0.3 zsvaos«a-oz ~D4 3264 7699E£-02 —0432669753£-02 ~0.32692552E-02
<0.32916T40F-02 =0.32870024E-92 <B.33383593 =5,3391T725E-02 ~0.34550279E-02 —0.352033236-02
_AN:g.3519415~E—o¢ -0.36243051E-02 -0.36&725295—02 —0.3641314B8E-02 ~0436064833E-02 —0+35660192E-02
~D.35T85809E-02 ~0.365T1026E-92 ~0.3870263TE~D2 ~5.4D673763E-02 ~0.42216852E-0. ~0.430915506-02
~Do42985603E-02 -D. #1281 730E~82 -D.28321950E~02 ~0.38972311E-02 ~0444092238£-02 ~0.483414536-02
~0.50828084F-02 ~0.43007918E~02 ~B.43007955E-02 T5.50826010E-02  ~0.40866658E—02  —0.430079556~02
___ =D.50828084E-02 .
X
0431415926E 01 0.313B0156E 01 0.31344391E -0 0.31308635€ 01 0.31272888E 01 0.31237144E 01
0,31201397E 01 0.31165635E 01 0.31129843E 01 0.31094006E€ 01 0.31058107E 01 0.31022131E 01
030986062 O 0.30949B88E 01 0. 30913603€ 01 T<30B7TZ0BE 01 0. 30840712E 01 0.3080%4131€ OV
0530T6T483E 01 0.30730784F 01 Da30694046E D1 0430657272 01 0430620454 01 0.30583578E 01
030546623 01 0.30509558E 01 D.30472350E 01 JO. 30434959 01 0.30397341E 01 0.30359451€ 01
0.32321248E 01 0.30282703E 01 D.30244138€ 01 0.30205122E 01 0.30165824E 01 0.30126292E 01
0.30086589E O1 0.30046775E 01 0.300068B94E D1 3.29966835E 01 0.2992T160E 01 0.29886971E O1
0s29846853E 01 0.298D6612E 01 Da29766215E 01 ).29725630¢ D1 De29684827E 01 0029643782 01
0.296024T0E OL 0.2956DB6TE 01 0. 29518941E 01 3. 294 T16654€ 01 0.79433950E 01 0.29390855E 01
_ 0.29346982€ 01 0.29302506E 0} 0.29257198E D1 0.29210924E 01 0429163565 01 0.29115042€ 01
0.230654T9E O1 0.29014511E 61 D.2£96267T3E D1 0.26909946F 01 0.28B56403E 01 0.28802034E 01
D.28746720€ 01 0.28690226E 01 D.26632180F 01 0.28572043E 01 0+28509167E 01 0428443158E 01
0.28374670E OL 0.28304798E 61 0.2823607TE 01 G.28168195F 01 0.26100385¢ 01 0.28031456E 01
D.27959496E 01 0.278BD6BLE ) 0.27TBILILE 01 0.27695922€ 01 0.27611538E 01 0.27533143E 01
Do2T456545E DL 0.27379428E 01 D.27299406E D1 1. 27502985E 01 De2738T449E O1 0<27275197TE OL
0.2743154TE 01
AR
~0.86067118E 0O 0.82097T915E 61 0.42399383E 01 J442863553E 01 B.43434805E 01 0. 44040542€ 01
Ds445389T7E 0L 0.45030095E 01 D.45268142E D1 D.45273212E 01 0.45039572E 01 0.44598922€ 01
04401 T614E O1 D.&33B7725E 01 D.42612907E D1 V. 42391116E 01 0.%2197613E 01 0.42272093E 01
0442813063€ O1 0.43180158E O1 0.43902572E_ 01 Do 445690434E O 0.45446258E 01 0.46074962E 01
0.46492237E 01 0.46631665€ 01 0.46451104E 01 0.45938582€ 01 0.45117545€ 01 0.44050750€ 01
0.42841287€ 01 0.41798850E 01 0.40839536€ 01 0.40005945E 01 0.39665192€ 01 0.39825865€ 01
0.4D512673€ O1 0.41687T4S8E 01 0.43188652€ 01 0.45189035E 01 D.471617TT2E 01 0.48930276E 01
~ 0.50819089E€ 01 0.52309213€ 01 0.53380896E 01 0.53936727€ 01 0.53908185E€ 0L 0.53261561E 01
T T 0.52001292F 01 O. I N B - . o1
0.35611450E 01 0.32420881E 01 0.2930480%E 01 0.26380429€ 01 0.23717754€ 01 0.21403542€ 01
0.19375031E 01 0.17685545€ 01 0.15313287€ 01 0.15077339E 01 0.13877388E 01 0.12604884E 01
0.11195T94E 01 0.96465924E 00 0.80180298E 00 0. 64307357€_00 0.50512233€ 00 0.404658T0F 00
0.34719419E 00 0.326098T4E 00 0.32013608E 00 0.30591761€ 00 0.2734636T€ 0D 0.22199004E 00
<1584 7420€ 0.99169598E-01 0.69252137€-01 0. T7111484E-01 0.10311358E 00 0.12123597€ 00
0.12135480E€ 00 0.10355069E 00 -0.96192952E-01 0. 89663452E-01 0.20959395E-01 ~0.68468819€-01
~0.80586753E-01
Al

0.42043407E 00
= i {

-0.215024i%E O
=0.,20816293

~0.22711252E 01
~0.20927179E 0L

-0.20564645E 01
01
~0.21194712¢ O1
~0.21093316E 01
-0.22779362E O1

-0.20418554€ 01

~0.197902562€ 01
-0.25402402€ 01

=~0.17396 0

~0.946461T71E 0D
=0, 5469
’0 169602335 00

-0-59ZIIZISE°01
0.39366273€~01

20.20368139€ 01
-0,25

-0.24507531E O}

~0.15637457 1

-0.86393107€ 00

-0.47123178€ 00

0.\59297195 00
439

-0.505040535-0l

~0.207T11911E 01
-0.,22113287€ 01
~0.20913916¢ O
~3.21444213E 01

~0.22691159€ 01

-0.19949933€ 01
~0.21097466€ O1

~0.23369883E 01
-D.14315268E 01

~0.20938657E 01
-0,22115764€ 01
-0.20707874E 01
~0.21831080€ 01

-0.2121TT10E O1
-0.22001632€
~-0.20613348E 01
~0.22200296E€ O1

~D.224453755C C1
=0.19542T727€ 01
=0.22074644E O
-0,26347853
~0.22037525€ 01
~0.12886723€ 01

~0.22039721€ OL
-0.19376271E 0!
—0.2303!31!5 ol
~0e

-0.205‘77205
-0.11586018€ Ol

~0.19689686E 00
-0.39167721E 00

-0.21513610€ O
-0.21T863TTE

-0.20649731& 01
-0.22307413E 01
-0.21518397€ Dl

e’
-O.ZSQOZIIQE Ol

-0.190066525 o1
~0.104

-0.73652136E 00
-0.31413860€ 00

~0.6T790429€ 00
~0.24675003E 00

-0.158638506E 00
3 =

. 9.
0.46989833E-01

‘0.!69639QOE 00
619€-0
D.h3|002015-01

-0.13358580€ 00
~0.10238572€-01

~0.61574300€ 00

~0.19T6TI99E 00
-0.1005&11!! o d

0.33“6?\6!-02
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«0.41993564E€ 01
~0.44519410€ 01

~0.42093734E 01
=0.44947591E 01

Sample output {contd)

~0+42383499E 01
=0.45193058E 01

=0.44072814E€ O1
+42701107€E 01

-0.46185889E Ol
_=0.43107408E_01

~0.40928991E Ol

-0.50899578E 01
_ =0.,35499862E 01 _

~0.20752560E 01

~0.12423033E 01 _

~0.43721038E 00

-0.19779384E_00

=0.43486364E 01

~0.41968998E 01

0.49125885E 0Ol
32565721F 01

213679343E 00

.40457245E 00

-0.42947838E 0Ot

_=0.43844845E 01

~0.461866T4E 01

~0.41138698E 01 _

~0.43361072€ 01

~0.50098633E 01 ~0.51433722¢ 01 -0.52387135€ 01

~0.46891147€ 01
-0.29759363E 01
~0.17768360E 01
-0.91620197E_00
~0.38528360E 00
-0.10183697E 00

01

-0.13788360E 00
~0.83411145E-01

0.2D0513671E 01
0.21747535€_01

-0.11833522€ 00

0.20562603E 01
0.21956699E_01

16

0.21529375€ 01
0.20859302E 01
0.22561603€ 01
0.21057779E OL
0.19993631E Ol
0.24472961€ 01
0.26864219E OL
0.17361526E 01
0.10137534€ O1
0.50685965E€ 00
0.21357534E 00
0.966214156-01 _
0.67355530E-01
0.40745976E~01

0.21242897€ 01
0.21103768€ O1
0.22630351€ 01
0.20545128E 01
0.20501670€ 01
0.25125146E 01

0.23997778E 01

0.15908211£ 01
0.93581132E 00
0.52884076E 00
0.19763186E 00
0.66822984E-01

0.57806235€~-01

~0.866494156~01

0.20704152E 01

_0.22076609E 0}

0.20979829E 01
0.21418013€ 01
0.22561986E 01
0.20096072€ 01
0.21181692E 01
0.25590884E 01
0.22906118E 01
0.14537317E 01
0.86797655€ 00
0.44756062E 00
0.18820934E 00
0.49745911E-01

-0.42830785E 01
~0.45216792E 01
~0.42547876E 01
=0.44550394E 01

-0.45756605E 01
0

-0,52862675€ 01
=D.44297614E 01
=0427135804E 01

-0.16495317€ 01

_ =0.7543028B1E 00

-0.36009181€ 00

-0.10702932E 00

~0.56983212€E-01

0.20922649E 01
0.22088203E 01
0.20784449€ 01
0.21762671E 01
0.22351899€ 01
0.19770L12E 01
J.21978146€ 01

0.25823183€ 01

0.21639189E 01
0.13255720E 01
0.80578896E 00
0.36847359E 00
0.17590326E 00
0.52283352E-01

0.42327857€-01

0.27836047E-01

-0.43383329E 01
~0.45012661E 01
~0.42355534E 01
~0.45230825€ 01
-0.45058035€ Ol

_ =0.40173739E_01

-0.46758870¢ O1

-0.52790632E 01 ~0.52135259E_0])

=0.41460208€ 01

=0.24740262€ 01

-0.15233660€ 01

=~0.61171748E 00_

-0.31946#615 00

-0.43972285€ 01
~0.44610443E 01
~0.42407022E 01
-0.45801046E 01
~0.44145823€ 01
_-0.40319368E_01

+48496337€ Ol

-0.38494501E 01

_.=0.22607040€_01_

~0.13893239E 01
~0.50346639E_00_
~0.26308850E 00
~0.14117214€ 00

—0 35193288E-01

0.21192564E 01
0.21988486E_ 01
0.20690491E 01
0.22095058E Ol
0.22010651E 01
0.19624694€ 01
0.22841502E Ol
_0.25787991E_0O1

-0.52383516€E-01

0.2148026TE€ 01
0.21792004€_01

0.20715643E O1
0.22373609E 01
0.21565039E 01
0.19695833E 01
0.23690247E Ol
0.25467844E 01

0.20253128E€ Ol
0.12085509E 01
0.74415756E 00
0.29882129¢ 00
0.15606728E 00
0.62637019€-01
0.17191766E-01

0.18804394E 01
0.11043439€ 01
0.67867862€ 00
0.24594111E 00
0.12851757€ 00
0.68961966E-01

0.25589116€-01




Sample output: punched cards

2*07307c OZ—u.bcoésuou —QZ—G.520560495—UZ-O.52326553E—UZ

B ACEEI R u.52/40°7 —0

SloSeVSeE-yu- £24973E-02

1 +51306831E-uZ-0.5T221111E-02
1032279E-02 $DUE254BBE-U2~0,507226589E-02

UZ2~0.50382896c—-0Z~0.5020283RE-02-0.,50130370E-02
InH2093E-02-0e49748254E-02-0.49610729E-u2-0.49470223E-02

CITRGGIE=D 204502 AT 6E-02-0s8 R 12695t ~uZ- 0.2 RTT1&065F -0
4H3A33BHE=02=0e4B210336E-02-0+40031497E-0e-U.4T846506E-02

Z1957117?'02-0.47(5!269t—04—0-4704U659t—u£'0-Léﬁ T6BIT-02
—Ue46114443E~ e4DB50914E~UL—0e4559294BE-02

~Uc=U0.4&0%ar61t-02
E-Ul=0e422443478-02

ToUZ= U VATESTEREE =G

coerrcT

vaLog ¢ = 0D.00000000E-3 8

“u3=0. 20505150 -03
—0a51735342c-0U3

L— coarect varve’

-0.803F0230E~0¥%

JeboUATYOTE-Us-04 TO0TBETIE-D3
BO6T5504E~0U3—0e9340T11RE~Y] 10172129E-0Z

17953 761E-02-0.13273209E~07-0.1392BR60E-T
02-0,15449375E=02~Uas 1 96US215E-0e~U. 16095936E~02

2o 175050 03E~0e- a1 1€20540E-G2—0e 1A095098E-02
/—U.Zl}]iblbt—uz—u.21898150E-02

Z5650Z256E-Ul—U.2038T8TOE-UZ
Ve 290621 8B2E-Ud~0e296TT302E-02

61zE=Uz=C31CIIB5UE-u2-00 320258 74E-02
/b“v: UZ—0e32669753E-u2~0.32692552E-02

—Ue—0.34550279E-02
E~y2—0.36413148E-02

~U.36571026E-02-0.38702637E~02
W 4Z2216852E-02~1 C429E5E603E-02=0.412R1T30E~02

GTZ231IE-07-0. 240922360~ UE-0 4 R341453E-UZ—0.50RZRORGE-0Z
.~30074>5E—02—7 UhZoulyi-uZ-U.%u&éub5&E‘Jd—U.930079555—02

0.313rU150E 31 0e31344591E U1 0.31308635E Ul U.312726R8E 01

T.3I20T397E 01 0J311E5¢35E 0l 0.3T1Z9643E U1

i C.31056006E 01
Ol 0.31022131E vl © Ysolost Ul 0e30G49B8EE ul

Ua30913603E 0l

TT T.30R%UTIZE UT OUW3TETHISIE UL CW30MB7483E UL
Leaith9atbee 01 04306572728 01 0G.3L020454E U1 v.30583578E Ul

U.307307B5E UT
Ue30546623E 01

Ue3USNI553E U1 Ue30472350¢t UL UV3UE3LYD5L CL Ues03572&1E UL
UBe1Z4ne 01 D.302ZR2TU3E U1l 0.3024413BE 01 0430205122t vl

0. 20359551E OF
0.30165824E 01

vkolco( 22 U1 0.300F8589E U1 0.3U0%6775E UL U.500C068%4T vl
Veldw9iTlour Ul e298809TLE Ol 0.2%9b46K53FE U1 U.2%6806612E 01

0.29966835EF 01
0.29766215E 01

DWZ97CE 50T CJO9BEERZTE UL U.29643T82E UL UWcG602& (UE UL 029560867 U1

Leg9alnG6ls U1 N.29476654F Ul (.29433950t Ul 0.2Y390855E U1 0.293469R82E 01
ZE3UZ508k ”. Z5T10RE U1 U.Z29210928E Ul (e2GLE3565E Ul U.2G115042E8 O1
Zaulébll_ D1 V.2bB%02cT3E UL U«28%095946E UL 0.28856403E 01
iagt? 7Lu720t D1 0.2B6SUZZOE Ul 0<Z663£16UE C1 (,2R572083¢ U1
[ 01 N.28374670e 0l Uelb3047 Ul e 2023607 01
O1 (. 28031436 (1 0.Z795%E96F C1 1.27RB00RIE U1

11 ue2lel

ot ] LUe.z7535143f ul 1e274565452 01

T a2 o0 TisoE oL ez 3r 78608 UL Usz/l203107E U1

CEZETUELSE 1 (e=ZiB505RE vl UWZ3A35F05T 41

COARRCT

vaive T

0. 41993700F 01

[z 0542c [

. 445G98977E 01 0.456300%5% ul
0.44598922E 01 0444017614E U1

055268147t 01
Oe43387725E 01

0.45273212E 01
Oe42812907E 01

U.450395728 01

Ve ZZ3GTTTHT 01
Ue&3902572E 01

Te&GZIGT513E O 0.422720%3E U1
0.44690434E 01 0.45440258E Ul

0.42613063t vl
0.46074G62E U1

0.4318015BE 01
0.46492237E 01

0.466316655 01
U«42H&4128TE 01

0.46451104E 01 0.45936582E Ul
0.41798850E 01 0.40839536E Ul

0e.45117545F U1
0.40005645E8 Ul

0.44050750E 01
0.39665192E 01

U.39825865¢ 01
0.47161772E 01

0.40512673E 01 0.41687458F O
0.4B930276E 01 0.508149089E 01

0.43188652E 01
0052309213t Ul

0745189035E 01
0.53380896E 01

0.53908185E 01 D.53261561E 01
0.45113050E 01 0442145150 ul

0.52001292t 01
0.38908545E 01

0.50169401E Ol

0.35611450E 01

Ue53936727t 01
0.47840520c 01

Ue32420B81E 01
0.19375031E 01

0.29304805E C1 0.2638U429E 01
0.17685545E 01 0.16313287£ 01

0.23717754E Ul
0.15077339E 01

0.21403542E 01
0.13877388€ 01

Ue 12604884t 01
0.50512233E 00

0. 11195794E 01 0.96465924E 00 0.80180Z298E 00
0.40465870E VU Ue347 U0_C.22£09874F Q0

0.64307357E 00
0.32013608E 00

0.30591761E 00 0.27346367E 00 0.22199004E 00 0.15847420E U0
0.692521376-01 0.77111484E-01 0.10311358E 00-0.12123597E 00

0.99169598E-01
0.1213548B0E 00

\\\-0-10355069E 00-0.96152952E-01~0.89663452E-01 0420959395E-01-0.68468819E-01

Us60566753E=01

CoRpRCT

vabul !

- 0. 200 13400E Oy

01-0,21217710E Ol

{0 4Z0%3%07E_04-0,20564645E 01-0.20711911E 01-0.20938657E
//'0 2 E 01-0,21786403E 01-0.21997003E 01-0.22113287E 01-0,22115764E 01

“0.Z200TR37F DT-0.217863(7E 01-0.21502410F OI-0.2T194712E
~U+20707874E 01-D420613348EF 01-0420649731E U1I-0.20816253E

01-0.20913916E 0T
$1-0.21093316E 01

~0.21446213€ 01-0.21831080E 01-0.22200296E 01-0.22507415E
~0422779362E 01-0.22691159E 01-0.22440795E 01-0.22039721E

01-0.22711252E 01
01-0.21518597€ G1

~0.20G27779E 01-0.20418554EF 01-0.19949933F 0I-0.19542727Tt
~0.19454759E 01-0.19790262E 01-0.20364139E 01-0.21097466F

01-0.19376271E 01
01-0.22074644E 01

=0.23038318C 01-0.23302224E 01-0.24824901F (1-0.255528208
~0e26347853E 01-0.26333911E 01-0.26018037E 01-0.25402402E

01-0.26076332F O1
01-0.24507531E£ 01

k:

~0.233696883E 01-0.22037525€ 01-0.20587720F 01-0.19006652E
~0.15837457E 01-0.14315268E 01-0.12886723E 01-0.11586018E

01-0.17396036E 01
01-0.10455536E 01

~0.9464617T1IE 00-D.B86393107E 00-0.79689686E 00-0.73652136E 00-0.67790429E 00
-0.615743008 00-0.54690960E 00-0.47123178E 00-0.39167721F 00~0.31413860E 00

—0.24675003c 00-0.19767399E 00-0.16960283E 00-0.15929779E 00-0.15638506E€ 00
-0.14943040€ 00~0.13358580E 00-0410844115E 00-0.77413%46E—01~0.48443911E-01

~0.33B29363E~01~0.37668619E~01-04503705276-01-0.59223238E-01-0.59281285E-01
-0.50584053E-01 0.46989833E-01 0.43800201E-01-0.10238572E-01 0.33446716E-01

L

N0.39366273E-01
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Sample output: punched cards (contd)

QUOVOVOVE=38 0.00000000E=38

.0.00VVLVLVE=3Y U-UGOUUUUUE-}& 0.00000000E-38

0.00000000E-34

U+ 000000VUE=38
0. 00006000E=37
U.UOUUUUUUL—jH

.uoouuooo: 38
0. UUBDOUDUE=3R
ULu00G0V00E =38
Ve O000GHIUE=3a
VLOUGOBGOUL =34
UL 00000000 E= 38
GaNUGHI0GL =38
U DOVOOODDL-3#
HeOLUDOO0E=3H
UL U00ULONYE=3R
G e OULUNO0OUE=3A

[SEVISIRISIPIVIVION =L 10}
UL 00000000k -38
Ue O00U0BDUE=-38
[ISPISTRI VIS IRISIVE:S
Us HDDO0N UG L= 4K
UetGHnNDOGL =3H
U BOUGODDY =34
Ve OLLOO0UL -38
Ve OULRO0YL=39
Ve lBun0OUE =35

kY

VRS IRISTRIS IS bV
Oe0uOUDOOVT=
e OUUO0I0UE
[ERSVINIRICIPIPIRIVI R L,
Ve tUUUOGUY LT 3
VGO0 =54
GeDUOUOGHYE=T]
CeNOUND G =37
Ue DUOVOHDG L= 50
Gellbutn UL =
Ve OUGBD O =30

PR ECRTIBIRERIVIVIE

5

30

RS SN IRIRTRIR TN (VA

[N TE TR ER I
o vl =

A ICRI TN

vrec i) v =y
GGl H UL = 38
ettt
ARSI TR TR NTR YRS it

VNI PN TP R

Ce o o
[RRSSIVISTSIRIFINIPHS
KIDIYE R

Cauthin
(SRS IV IS IR IR IR IR IVRTE T
U e NGOG0 2
. 00000000 L=

YRSPIANS IR TR
e DTN =3
GeUGLOND UL
[ ISR
Ue N0 =3
RS IRIRTRTN IR NN
Ue Uit
Ue (00000 GLE =38
EERVERIVIVIRINIDIVE:
et
GOV L=
Ua OGO
UL 0000 L
e DO GRDT
u.uuuuuuuut-a“
Ve OG5 T
SRS IR IRIRIRTRIBIV IS 4
Qe HODUOUOL =i
G OO ¢ =

%)
U 00G0G000E=38 0. 00000000E=-34"

0. 0000VDVUE-3R

0+0000000VE-38 0.00000000E=34
=38 0.0000000VE-38
0.00000000E-34

L GOUO0ONOT-3H J0t

0,00000000E=-38
0« 00BVODVOE=-38
(« COVOVOVDE=3R
e OGDVOYVOE=-3H
0.N5H000GOE=3N

0. 0000000 E=32
0. 0BD0DUNUVE= 3k
0,000000V0E=38
0LONVHVNV0E= 33
0L 0NDOVYUBE=38
0. DGUOUIVG L-BH
N.00000N00E=38
0. 000OVVVULE=38
0L 000VDYYUE= 3K
. 000UU000LE=31
0 OOUOHGOTE-38
e ONDOYNODE=38
0. 0VOUOLUL=- 358
DL OINONUGE= 3R
0. 0N00VOOOF-38
1 NOBGIUIE=38
TeHON0OO0UE=31
0. 00YDUHULE=3R
0. 00U0DNGOL- 58
G OOUDVVUGE=38
Qe 000HBOVLE= 3R
Qe GuiuuNUYE=34
HYORGOYONE =35

0« OUUULVLUE=37
e O00IUDVUE=35A
UeCUUDLUOE=3E
DO e

RS SISISIVIER

TR ST TETPR T
TR TSI VISR
Peilo U
TS ISIER IS TN
[P TR TITIP I IV IR T

AN L8

TRINUIBLITEEcEY

il U= 54
DD O U=
g t U = 3
Doty yuur =3¢
D OBUNGNONFE= 35
OGN 0G0 E-
DL 00UNUJUULE=- 36

0L OHINDYUL = 35
GeDOUDDUYOE=3R
1. ODYDDOOU L= 38
0L O0000000E="38
Oe HOUIUNID U= 3K
VeDOGINGONE=3]
e thunuuOE= 38
NeNOOGDDNNE=-3R
G UDODYUOE=3H
DLOOTTOONIE = 3K
0.000DVVVOE= 31
000UNIVVIE=3H
e HNONVOLIE=~ 3R
N 0GBIDVUOE
e N00UNHOOE= 3R
T OO OO
e MO
D NOQOOOOG = 4K

Wengoutut

0.000000V0E~38 0.00000000E=58 0.00000000E-38
0.0000UUVUE=3% 0.0000U0V0E-38 0.00000000E=-38

0.0000000VE=38 0.00000000E-38 0.00000000E-38"

0.00000VVUE~3%
0+000UOVUOE=34

0.00000000E=-38

0.000VVV00E =
0.00000000F =38
0.00000000E-38

0.00000000E-38
0.00000000E=38"
0.00000000E-38

0.0000UUU0E=38
0.000000V0E-3E
0.0000VULVE=3E
UL 0000LOO0E-3¥
0.000VUVOU
0.0006UCVUE-
0. 000000T0E=3{

[CR IS ITIVIVTOTVIvES
0000000 0BUE=30

0. 0un00000c-38
0.00000000E-38
0. U0LUUVOVE=38
0. 00000V00E-38
UeUVUVLODE=S8
0. UUU0UUUUE =38

0.00000000E-38
_0.00000000E 3
« 50000000
0.00000000FE-38

T0.00000000E-38

0+ 0000V00DE-38

0L0DUDUO00E-38
LeUUVVULVLOE =30
D« 00OGOLOVE=38
UsuunuuLuUE =358
[CRRVIIVIVIVIPIVIV el 2 )

0.00000000E=38
0. 00000000E =38
0.90000000E=38
0..0000000¢
0 NNOONHOVE=

Ue0ULBULLUE=3E
0000000 0UE=3Y
e QOUULUUUE=3H
U 0U0UUULUE= 31
0« 00LO0DUUE=3K
0« DVVOUHUYE=S

0. 0000UUU0E =3k
VeUULLGUYLYUE= 36
0. 0000VIUUE =37
0. 000GUVLVLE= S0
0.0000UbULE=38
0.0000VVO0E=3#
VL OU0DULLLE=3E
V. 000u0LGL=
DENSVIVIVIFIOAVIY)
0. 00UULYOOE
DeUULULLLE
U HULULULUYE= 30

UeluunubLE= 30
BRANCISISIHIVAVIVISE R 3
Ve OUNIVGULUE =
O NUOHUL UL
eututuL L
G,
e Uiyl = 58
LenitlutinGuL =3
Ve uuiituai-= 3t

VNI

U OU0GUL L =5
S LN RTRIVIRT SRR g
U OUUNDUDLL= 55
DeUGLL L=
U HUUOBILLL =35
Qe LUUDDDL- LY =3
[USGISISIRISII PN

UL DOLDUULUYE=38
Us OUUUULLVE=3H
[SRARICIVIVIVIVAVIVIS
Us0uu0u0GUL -3
UeBUDLULLUE=D
Ve IULLUUUUE= 3K
e OUULUL LY~
G 0u000VLGE=3
e DUVOVULVE=3Y
O OUULGILLGE=3E
UL 000LULOE=38
VL DULBLULLE= 58
UL UBUGUYLUE= 38
U 00ULLLOUE =38
e DOLODUOULE= 3

0« 0000V0VVVE-38
< 0000UBLO0E-38
Ue 000UGUUOUE=-58

0, 0000000VE=50
V. U0UULO0LE -
UeQLLOUT
OeuUGIUVUNYE=57
[SPRSIVIFISIVICINIS EXS)
UsUbLUUuULE =35
0 OUUUGUIIE =5
24

JOE=5d .00 or

0.00000000:-38
0.00000000E=-38
0. 000000008348
UL 00000000FE=36"
0+ 00000UNOE=38

VL. 00000600LE-
Qe 0D00O00
DeDDO0N0VE=3Y
Ve 0VONOVO0F =34
U« DO0DVLOGE=3Y

JOE=30s
SRRV IVISIVIVIO LI Sl
UeUUHUIL0UULE =56
QeuutivuvUC=30
RV I I IVIS NIV IS
Ue OUUOUOVGL =38
PRV IVIVIVIVIT STV

GeUOULUUOD
UeQUUODUOOE=37n
UsULBUYVUL =50
Ve OUULLULOE-S S

0ONN00ON0E=-38
Ve 00UONON 3y
0 0DBUNOOUT =3
Qe ONOGDUODE=3Y
De0UHUNVGUE=3b
Ve« 00000000 =38
TONGOD0F =38

e NUIUALODE =38
D NNVOONOVL=3H
0 00BODOOYE=38K
e NURUG Y~ 5 H

JoulE=o8
Leult UL o6
euluUULLI =D
Ve BUNVUULIL =D
U« 0UODLOVOE =35
Ue LOUBULOULE =55

Ue0000000UT <38
e MGH0DLIYL =38
O NDOUNENUE =38
0 D0VNOOOUE=3H
0. 00000000E=38
Ue UNLVNNODE~3H

UONTLOOOE =50
UWUOUOUOUUE =28
BISEN VRIS
[SRRFIPIVIFIVIFICIoNS
et 0GGOGT
(e UNULGOUE =54

5

ET

Oernnounor =38
Ua 00U0UNGE=3K
LOD OO E =30
UL O0N000N0L =34
ONOC-38&
e 0000OVVOE=-34

U« GLUUTUIOF =37
Ue UOURO0UE—5H

Ve OUUND0E=50
UL BUUVUVLUE =34
U )000N00E-33

Ve uddnganol =35
Oetldeouiue =
Ue GUOOULIULE =30
Us HUOUBUUVE=58
QeVAOGONTE =35
Qe VODUVUBUE=513

0. 0000DUTUE

CLAD0GoL00E =348
Co0NNG0000E=38

4. N9000000E=32
0.NUOBNDN0E=38
W ODOQUNOE

=3E
0 DUOGOUNUE =34
0.0000UN0E=34
0L 00000000E- jn
000Ny
0. 00D0600VE - 34

GL0GT0GUN0E=54
Oenioiyunoul-348
Ve UVOGULLOE =38
D VLTOHNOE =30
Ve DUVUULOUE =28
De JUQCUONDL =38

0. 00NO00I0E=3¥
Qe N0DONODOE=3K
Ue0ODOVVONUE =3k
U DN000000F~3H
VL NOONODOOF-36
Ve NONONDNOE=3H

OWHUOOLLHUE= 3T
e QUL UL = 42
0N000ULONLE=3&

Qe OOLONULE =5
e HUDEGHO0E= 58
U LUOVVON0E =31

0. 00000000F =38
Ve NNNINNOONOE=38
GaNOONHNNDT =38

SUOATUIZLOIE O1-. %

TU WA LIRS HAE

Heh 92 annE

B1=0442043732410
Ui-ta4q51y4lot

Gl=tebZanbayui
Ol 44941591

Ol=Ueal630Te58
Vl-0e41950048L

Ul-0.H33683379E
Ul=0445216792E

[
01

Vabshalalon
Ueh3NGAT45T
Gatia 0000
Uehilufan

(IR EVETRTN
GedodhanTon
Debstul0 T
Vationgllaft
TRV RN A
Vel ibeShin

0L T3ROS0 TaT-0. 1747 33T

[N N YR VRN
Uesounr bl
Celolrusou iy
Uelln3a52.00

I
Ol=11a &) 3005 34|
C1-00445507394)

Ul=Nebtlin0Tla:
pl-ea uniae)
FECT PRI eIV
Hl-neanata3sy
tHl=nensfunasse
W=Dy ht29fnlat
Gl=1ra 2 5 s04d
Ol=ibe 1O L5700 7

A=t 0 3406 )
BO=e 41 9aa 0t
=ty 10 faza st

IOV AAUTIRTAT
Vl-Oa4z40 fucle
l=ne4liZ50 05T
Dl=-Dsanthoutne
Ul-tealldnoynt
'H"r—\l. QI‘JLH‘ ‘1"'
Hl=0 000003 3k
ul=0enelsvenye
tl-0eal40uc0nkE
ul=ue72flsssint
Ol=-tal {0
Ol=0.1lon2 §
G~y (o luosne
UOh=tla 20 sUHMY UL
NO=h lebeézassn

OT=0T 3T RC307 6
Ul-0.4270)ltuTe
O1=-G2A5H01046E
DI=00anina0300

Vl-0.auadla24l

UI=0.% 704 TR3AL
U1-0.43201554E
U1-0J46TFEHRATE
Ul-tie 4414573
0l-0.4017373%¢k

(2}
01

01

01
01

T OIS0As3610T4E.

Dl=Uenlé3s5T22E
UI=0eo0HSYS (KE
Ol-Uess4vabolc
Ul-Ueza7a0262E
Ul-D.1649531 /L

Ul-e449914930C
ul=0.523871350
Ul-U 491 7o HASE
Vl=043544990A2E
ul=0.7226070400
ULl-Us152336600

01
0l
01
01
al
0t

=0.9T620197C
BU-Dedu4b 240k
HO=0. 19779334
HBU=0.14ll7214E

00-0.754302R1T
Uu-U. 38528360k
VO=0. 136793431
VU=0.13788360F

a0
(818}
oo
[838)

D= HOnaG I =0T =0 N6YR 3212k =01=0, 35195288E -0l =0, 523135156001
SUenddalllane =l




Sample output: punched cards (contd)

U-Z0513671E 01 0.20562603L
0.21460267E Gl 0.21747535E

0-261041528 U1 0-20922649E 01
0.21956699€ 01

0.21192564F
0.22076609E U1 0.22088203E

o1
01

U.210BB4BGE 01 D.21792004E
U.20784449E 01 0.20690491E

0.21529375E Ol
0.20715643E 01

0.212428B97€ Ul 0.20979829E
0.20859302E Ul 0.21103768E

01
01

G.21418013€ Ol N.21762671E
0.22630351E 01 0.22561966E

0.22095058E 01
0.22351H99E 01

Ge«22373609E Ul 0.22561603E
0.22010651E 0l 0.21565039E

01
0l

V.21057779E Ol 0.20545128E
0.19695833E 01 0.19993631¢

0.20096072E 01
0.20501670E 01

0.197701128 vl 0.19624694E
0.21181692E 91l 0.21978146E

01
01

U+22841502E 01 0.23690247E
U«25823183E 01 0.25787991F

0.24472961E O1
0.2546T844E 01

0.25125146E 01 0.25590884E
0+24864219E 01 0.23997778E

01
01

0.22906118E 01 0.
U.15908211E 01 0.14537317EF

0.20253128E Ol
0.13255720E_01

0.18804394E 01 0.17341526F
0+12085509E Ul 0.11043439E

01
o1

Ue 10137534t 01

Ue6TBOTBO2E 0N 0.60685966E

0.86797655E 00
0.52884076E 00

0.80578896E 00 0.74415756E
0.44756062E 00 0.36847359E

00
00

0.29882129E 00 0.24594111E
Ua17590326E 00 0.15604728E

Q.21357534E 00
0.12851757¢ 00

0.19763186E 00 0.18820934E
096621415€-01

0.66822984E—

00
Q1

U.4G746911IE-01 0.52283352E-01
0.57B06235E—01 D.423278B57E-01

0.62637019E-01
0.27836047E-01

0.68961966E-01
0.17191766E-01

0.67355530E-1
0.25589116E~01

(3}

N0.40745976E-01

[ 0.31415926E 01 0.31380156E

0.31344391E 01

0.31308635E 01 0.3127288B8E

01

0.31237144E 01 0.31201397E
0.31058107E C1 0.31022131¢
0.30877208E 01 0.30840712EF
0.30694046E 01 0.30657272F

0.31165635E 01
0.30986062E 01
0.30804131E 01
0.30620454E 01

0.31129843E 01 0.31094006E
0.30949888E 01 0.30913603€
0.307674B83E 01 0.30730784E
0.30583578E 01 0.30546623¢8

0.30509558E 01 0.30472350E
0.30321248E 01 0.30282703E

0.30434956E 0l
0.30244138E Ol

0.30397341€ 01 0.30359451E
0.30205122€ 01 0.30165824F

0.30126292E 01 0.30086589¢E
)( 0429927160E 01 0.29886971E

0.30046775E 01
0429846853 01

0.30006894E 01 0.29966835¢€
0.29806612E 01 0.29766215E

0.29725630t 01 0.296R4827E
V4295189416 01 0.29476654E

0.29643782E Ol
0.29433950F 01

0.29602470E 01 0.29560B67¢
0.29390855E 0l 0.29346982F

0.29302506& 0l 0.29257198E
0+29065479E Ol 0.29014511¢E

0.29210924E 01
0.28962673E 01

0.29163565E 01 0.29115042E
0.28909946E 01 0.28856403E

01
01

0.28802034E 01 0.28746720E
0.28509167E 0) (0.28443158E

0.268168195E 01 0.28100385E 01 0428031456t 01 0.27959496E 01 0.278B0681Et 01
0.27789891E 01 0.27695922E 01 0.2761153BE 01 0.27533143E 01 0.27456545€ 01

0.28690226E 01
0.28374670E 01

0.28632180E 01 0.28572043E
0.28304798E 01 0.28236077E

01
0l

0.2737942BE 01 0.27299406E 01 0.27502985E Ol 0.27387449E 01 0.27273197E 01

0.27491547E 01
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. PLOTTING PROGRAM -

&

Program: IBM 1620 only, source deck in Antenna and
Propagation Group Library (revised May 18,

1966)

Programmer: A. Ludwig

A. Program Description

This program plots radiation amplitude and phase pat-
terns (or other data) using the IBM 1627 plotter. The grid
that the program draws is identical in size to antenna
pattern recorder chart paper (Scientific-Atlanta Chart
121 or equivalent). E- and H-plane amplitude patterns
are plotted on one grid (in decibels) and then phase
patterns (in degrees) on a second grid. There is linear
interpolation between data points. Program halts after
completing each grid or pattern to allow a change of
pens if multi-color plots are desired. Plotting is resumed
by pressing “start” on console.

B. Applications

Plotting is an excellent method for checking output of
computer programs such as the Scattering Program (VI),
either against experimental data, or against what is rea-

. .

A. ludwig = /4

N67-2872K

sonably to be expected for a given set of input data. Also,
the data reduction of experimental patterns may be
checked by plotting and overlaying with the originals.

C. Input

Input is identical to the input for the Antenna Feed
Efficiency Program (IX), except that the program utilizes
some parameters somewhat differently, as follows:

JO not used by program
ICI =0 or —2 for amplitude input (in decibels); for

0, program plots values as input; for —2, pro-
gram sets maximum data point equal to 0 db

= 1 or 2 for amplitude input (in volts); maximum
data point set equal to 0 db for ICI = 2

IC2 = 1 to skip phase plots;

= 0 for phase plots expanded scale (—30° to
+30° polar angle)

= —1 for phase plots normal scale (—180° to
+180° polar angle)

21
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Consecutive cases may be stacked without limit; 1620

machine time is approximately 5 min for 90 input points.
If ICI = 0 or 1, amplitudes should be < 0 db (< 1v).

D. Output

Program always plots amplitude (in decibels), from 0 to
—40 db, and from PSI = —180° to +180°. Program
plots amplitudes below —40 db as —40 db. Phase values

22

are plotted from +90° to —90° of phase angle for nor-.
mal scale, and +45° to —45° of phase angle for ex-
panded scale; the value at PSI = 0° is set to 0° phase
angle. .

E. Sample Case

Input is identical to that of sample case for Antenna
Feed Efficiency Program (IX).




€e

-10.0

RELATIVE POWER, DP
)

Sample output: plotted

_REFERENGE POINT_C

]
a
o

-30.0

-40.0

~144.0

-1068.0

-72.0

0.0 3.0
ILLUMINRTION ANOLE, OEGREER

7.0 108.0

1%%.0

180.0

6L6-2€ 'ON LYOd3™ TYOINHDAL "1df




Page intentionally left blank



-

e

IV. DATA CONVERSION'
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Nz

i o -

Program: IBM 1620 only, source deck in Antenna and
Propagation Group Library (revised May 18,

1966)

Programmer: A. Ludwig

A. Program Description

This program converts feed pattern data from format
compatible with Programs III, IX, and XIV to format
compatible with Program VI. Field vaiues are converted
from amplitude (in decibels or volts) and phase (in de-
grees) to real and imaginary parts (in volts). The polar
angle PSI (in degrees) is converted to PSI = = — PSI
(in radians).

'This program and Program VIII exist because several of the
programs described in this Technical Report evolved independ-
ently, without coordination of input/output formats. Although
these programs could be eliminated by modifying the other pro-
grams, the complicated interfaces within this system, and with
other programs not described here, create a considerable repro-
gramming job that has not yet been undertaken.

B. Applications

See flow chart.
C. Input N67128725

Identical with the Antenna Feed Efficiency Program (IX).

D. Output

The data blocks Re E, Im E, Re H Tm H_ and PSI are
printed out. The same data is punched on binary-coded-
decimal cards; in addition, four data blocks of zeros
are punched, which are values of cross-polarization fields,
always zero in the principal (E and H) planes for the
types or fields assumed for Programs I, IX, and XIV.

E. Sample Case

Input is identical to that of sample case for Antenna
Feed Efficiency Program (IX).

25
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26

«85524 .83818
19236 11435
-.01384 -.00575
00600 00342
-.00451 -.00424
-.00118 -.00092
—.03894 ~.03549
06717 07126
+01245 00465
-.00352 -.0019%96
«00238 .00222
+00060 00047

0.00000 0.00000
0.00000 0.00000
0.00000 0.,00000
0.00000 0.00000
0.00000 0.00000
0.00000 0.00000
0.00000 0.00000
0.00000 0.00000
0.00000 ¢ .00000
0.00000 0.00000
0.00000 0.00000
0.00000 0.00000
0.00000 0.00000
0.00000 0.,00000
0.00000 0.00000
0.00000 0.00000
. 0.00000 0.00000
0.00000 0.00000
0.00000 0.00000
0.,00000 0.00000
0.00000 0.00000
0.00000 0.00000
0.00000 0.00000
0.00000 0.00000

-.85524 ~.83549
-.14908 —.08076
~.01109 ~.01479
00792 00991
«00111 -.00063
-.00541 -.00540
.03894 .03568
-.04588 -.04488
.00880 01057
~.00414 ~.00507
..—a00052_ 00029
200246 00246

3.14159  3,10668
_2.86234 2,82743
2,58308  2.54818
2.30383  2.26892
_2.02458 = _1.98967

1.74532 1.71042

«78872
05472
00137
.00100
-.00381
-.00072
~.02563
07016
-.00102
-.00056
00199
00036
0.00000
0.00000
0,00000
0.00000
0.00000
0.00000
0.00000
0.,00000
0.,00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
-.77853
-.033%8
-.01554
01063
-.00210
-.00532
«02643
-.03949
»01026
-.00535
00098
00242
3.07177
279252
2451327
2.23402
..-1295476
1.67551

Sample output

.71163
.01331
.00665
-.00105
~.00333
~.00057
-.01068
06459
-.00465
.00058
.00173
.00029
0.00000
0.00000
0.00000
0.60000
0,00000
0.00000
0,00000
0.00000
0.00000
0.,00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
. 0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
-.69081
-.00659
-.01359
01024
-.00325
-.00519
.01270
-.03100
+00844
-.00508
.. .00151
.00236
3.03687
275762
2.47836
2.19911

—-1.91986 _

1.64060

L61418
01174
00974
-.0J264
-.00282
-.02049
L0737
25568
~.00649
L0145
L0146
00025
000009
[NV
0 .00U0Y
PIVRII[VN]
0.00000
PSR ISIVN]
0.00009
0002000
0.,00009
3,000
0,00000
3402000
0.00009
3403000
0.,00000
0.,00009
0.00009
0.02009
0.00000
J.02000
0.00000
0.09000
2.00009
300009
-.58195
20V 536
-.00968
00902
-.00412
-.00505
-.00339
-.02097
.00572.
-.00 442
00190
00229
3.00196
2472271
2.44346
2.16420
188495
1.60570

51512
=.02349
01078
=.00373
=.00233
-.00045
02626
04478
-.00689
#02202
DI 120
202023
VL0000
0.03000
000000
0.03000
U.00000
J.03000
0 ,00009
U.0J000
v .00000
0.00000
0,00009

© U.00000

00900
U ,00000
0.00000
0.00000
0.02009
0.0J000
U .0000d
0 .093000
0.00009
0.03000
0.00000
0.0J00Y
~+46314

00662
-.00476

00725
-.00473
-.02488
-.01914
-.01092

00270
-.00351

00217

00221
2496705
2468780
2.40855
2412930
1.85004
1.57079

.39315 .28675
202547 -.02122
W1016 .00 839
~.00435  -.00458
-.00189 -.0015)
0.0000U  V.00J00
04371 05778
03321 202215
-.00628 =.00504
00234 00244
L00097 L00077
0.00300  1.00)00
0.0J000  U.0000J
000000  J.00000
0.00000  0.000Vd
0.00000  V.00000
0.00000  U.0000Q
0.00000  0.,00000
0400000 0.,00009
0.00000  0.00000
0.00000  0.00000
0.00000  0.,00000
0.00000  0,00000
0.00000 0.00000
0.00000  0.00009
0.00000  0.00900
0.,00000  0.00000
0.00000  0.00000
0.00000  0.00000
0.00300  0.00000
0.00000 009000
0.00000  0.00000
0.00000  0.00000
0.00000  0,00000
0.00000 0.00000
000000 0.00000
-.34549  -,23853
WU186 -,00498
00025 +00463
.00519 .00309
-.00511  =.00533
0.00000  0.,00000
-.03253  -.04175
-.00212 W00457
-.00013  =,00248
-.00249 -.00147
00236 . ,00244
0.00000 0,000
2.93215  2.89724
2065290  2.61799
2.37364  2.33874
2.09439  2,05948
_1.81514_
1.56979  0.00000
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Vi

V.“SUBREFLECTOR PROGRAM

&

(

A Ludwig -

Program: IBM 1620 only, source deck in Antenna and
Propagation Group Library (revised May 18,
1966)

Programmer: A. Ludwig

A. Program Description

This program generates binary-coded-decimal punched
cards for use in the Scattering Program (VI), describing
a subreflector consisting of a vertex plate, a hyperboloidal
section, and a flange (Fig. 2). Subreflector must be a
figure of revolution.

HYPERBOLOID FLANGE F%PUSR%_OID

VERTEX PLATE

FOCUS OF
HYPERBOLOID

- x——————

ALL LINEAR DIMENSIONS ARE IN CONSISTENT UNITS;
ALL ANGLES ARE IN DEGREES

Fig. 2. Subreflector geometry

B. Applications N «(3 ? " 28 7 2 6

Various subreflector shapes may be generated to em-
pirically optimize design parameters. (Results from the
Cassegrainian Synthesis Program may be used to indi-
cate potentially good configurations.)

C. Input

Card Parameters Format

1 CADALI AL2 AL3 BEI BE2 | 8F100
BE3 8F10.0
I1IGO 1015

C = one-half the distance between the foci of the
hyperboloidal section

A = C/e, where ¢ is the eccentricity of the hyper-
boloidal section

D = height of vertex plate
ALI = angle subtended by first section of vertex plate
AL2 = angle subtended by edge of hyperboloid

AL3 = angle subtended by edge of subreflector, with
or without a flange

BE1 = cone angle of first section of vertex plate

27
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BE2 = cone angle of second section of vertex plate
BES3 = cone angle of flange
IGO = 1 for general case

= 2 for single segment vertex plate described by
D and BE2 (set ALI = 0.0)

= 3 for no vertex plate. Program ignores ALI, D,
BE1, and BE2.

For no flange, set AL3 = AL2,

Consecutive cases may be stacked without limit, 1620 time
is roughly 5 min/case.

28

D. Ovutput

The program first prints out g(y) = —1/r, (d/dy) g(y)
and y (Fig. 2), in the form required for the Scattering
Program (VI). All of the g values are printed, then all of
the g’ values, and then all of the y values (in radians). This
portion of the output is identical to the punched output.
The program then prints out r and / (in degrees), where
¢ = ¢ — =. The printed data is in a raw form because
its primary use is for spot checks. The punched data is
the primary output and is in exactly the correct form to
use in the Scattering Program. 100 data points are always
computed, which is the maximum that the Scattering
Program will accept.
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- E. Sample Case

Sample input

285 [} 188.16769 0.356 1.103 13.4766 14.655 88.881 84.332
,ll_._i-‘_~

Sample output, punched BCD cards

-.21134156E-02 -.21133946E-02
-.21128963E-02 -.211266B80E-02
-.211133956-02 -.21109037E-02
~.21087449E~02 —.210810156~02
~.21051131€~02 =,21042624E-02
=.21004447E-02 =.20993866E-02
-.20947403E-02 -.20934753E-02
~.20880013E-02 -.20865294E~02
~.20802283E—02 -.20785497E~02

-.20714231E-02 -.20695380E-02

~420615865E~02 ~.20594956E-02
—.20507209E-02 ~.20484244E-02
~.20388275E-02 -.20363259E-02
2595088E-02 -.20232022E-02
119666E~02 -.20090555E~02
-.19970033E~02 -.199388B3E—02

-.198102136-02 ~,19777030E-02

-.21133324€-02
-.21123983E-22
-.21104261E-02
-.21074166E-32
-.21033702E-02
~,20982872E-32
~.20921689E-02
-.20850160E-02
~.20768299E-02

~.20676121E-)2

-, 20573637E-02

-.2046086 TE~) 2

-220337830E-02
~.20204546E-02
-+ 20061036E~02
—.19907326E-)2
9743440E-02

=.19640236E-02 —-.19605023E-02
-.19460127E-02 -, 19422891E-02
-.19296331E-02 —.19264429E-02
~ JG0000000E~99 —, 16070T77E-04
-.80351751E~-04 —.96420917E-04

~+16069009€-03 —-.17675497E-03

1956940 6E~0 2
-.19391263E-02
-.19232399E-32
32141651E-04
—.11248944E~03
~.19281868E-03

~+24100161E-03 -,25705952E-03
-+32127293E-03 -.33732119E-03
49065E-03 -.41752658E-03
64134E-03 -.49766227€-03
-+56171169E~03 ~.57771492E-03
-+ 64168825603 -.65767113E-03

«27311573E-23
-+35336721E-03
-.43355972E-)3
-+51367987E-03

-.59371432E-23
—~e67364964E03

—.T2155175E-03 ~.73751766E03
-.80130682E-03 -.81724105E-03
-.8B092220E-03 -.B96B2814E-03
TU96039062E-03 ~,97626550E-03

-.10396987E-02 -.10555399E-02
-«11188333E-02 -.11346383E-02

=.11577812E-02

2135412602

~e12765293E-02 -.12922537E-02
13550642E-02 -.13707446E-02
S 14333731E~02 ~.14490067E-02
~e12322910£E-02 -.12372724E-02

.31415927E401 .31390091E+01
S3128674TE+01 .31260911E+01
.31157566E401 .31131730E+401

»31028385E+01  431002540E+01

[7.30899204E+01 .30873368E+01

| 30770023E+01 .30744187E+401

{ 230040843E401 .30615007E+01
S30511662E+01  .30485826E+01
130382481E401 .30356645E+01

__+30253300E+0). .3022T464E+01
L30124119E401  .30098283E+01
229994939E+401 .29969102E+01

__e29865TS8E+Q1 __,29839922E+0)
T29736577E+01  .29710741E+01
229607396E401 295815606401
(294782156401 . ..29452379E+01
1203490356401 .29323198E+401
129219854E401 .2919401BE+01

6736401 . .29064837E+01
128961492E+01  .28935656E+01

75347253E-33
-.83316979E-03
~.91272796E~)3
9921337903 -
L10713741E-32
11504356E-02
2253051€-)2
.13079696E-02
~.13864157E-32

-.12172979E-02 -

-.12422455E-02
313642556401
L312350 74E40 1
.31105894E+01
30976 713E+) 1
.30847532E+01
L30718351E+) 1

«30589170E+01.

+30459990E+) 1
+30330809€+01
«30201628E4)1
+30072447E401
«29943266E+31

+29684905EX) 1
+29555724E+01
«29426543E4)1
«29297362E401
.29168181E+w1
229039001E401
+28909820E401

-.21132285E-02 -.21130834E-02
-.2112086B6-02 —,21117339E-02
-.21099 73602 —.21093469E~02
-.21066903E-)2 -.21059224E~02
—+210243656)2 ~,21014613E~02
~.20971464E~02 ~+20959641E-)2
— 2000 8209E~V2 -.2)894317E-02
-.20834616E=02 —.20818655E=)2
-, 20750690E=02 -, 20 73266 TE—02
2065644 TE=D2 =4 20636364E-) 2
-.20551905E-02 ~.20529763E-02
-.2043T081E~2 -. 2041288362
-.20311993E-)2 -.23 285745602
—201T6661E-02 —. 2014836 TE~ 2
~¢20031109E-02 -, 20000 7TT4E~02
-.19875362E—02 ~.19842991E-02
-0 19709445602 ~, 196750 41E-02
~.195333856-02
-.19359749E—02 -.19328105E-02
-.19200240E~02 ~.19167953E~02
- 48211910E=04 ~.64282041E-04
~.12855722E-03 ~. 14462413E-03
20888109E03_-.2
8917010E-03 -.30522253E—03
6941084E-03 -.3854520 3E-03
- 46958995603 —,46561T19E~03
~.52969404E~03 -.54570468E-03
-.609709T4E=03 -.62570104E03

-.68962367E03 -, 70559303603

Z. 76942251803 ~. 76536723603

- B4 9302E-03 -.B6501043E03
-.928621756~03 —,94450933E—03

<10079955E<02 ~.1023850.6E~02

-.10872011E-02 -. 11030 209E02

~.11662253E02

2494211E-03

+118200 72602 _

~.12450549E02
-.1323676TE02 -
-~ 14020 TT6E2 —
.12223038E-02 —
-.12472102E-02 -
.31338419E401
.31209238E+)1
.31080057E+w 1
+30950877E+01

+30692515E+31

_.+30563334E401 .

+30434153E+01
-30304973€401
.30175792E+01
+30046611E41
+29917430E+01

229814086E+01  .29788249E+2)

+29659069E+0 1
+2952988BE+11
«29400 TQ TER L
«29271526E+31
«29142345E+01
«29013165EHW1
«28883984E+01

. 12607963602
+13393750E~02
.14177301E-02
12273 15€8-02
+12521666E-02

_«31312583E+01

+31183402E401
+31054221EH1
«30925040E41

« 23 T9SEL0EMD]

«30666679E+0 1

230 33749BE40)__

+30408317E401
«30279136E+01
« 2 149956EW1
«30020775E+01
«29891594Ew1
229762413E+01
+29633232E401
4295040 52EH01
229374871E421
«29245690E+01
+«29116509E+w) 1
«2B98732BE+01
.28858148E401

29
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VI.JSCATTERING OF AN ARBITRARY SPHERICAL WAVE BY AN ARBITRARY
SURFACE OF REVOLUTION <~

e W.V.T.Rusch # 1

Program: 5513, source and binary decks in Jet
Propulsion Laboratory Library (written Sep-
tember 28, 1964)

Engineer: W. V. T. Rusch

Mathematician: W. V. T. Rusch

Programmer: W. Bunton

A. Program Description

This program computes the far-field scattering pattern
of an arbitrary spherical wavc scattered from an arbitrary
surface of revolution (Ref. 11). The phase center of the
incident spherical wave must lie on the axis of symmetry
of the scatterer. This incident field may be expressed as
a truncated Fourier series in the azimuthal coordinate
containing a fundamental and second, third, and fourth
harmonics.

The reflecting surface and the form of the incident
field may be computed from analytical expressions (if
available) or may be inputted into the computer in the
form of discrete empirical data. The magnitude and
phase of the incident field are described in terms of the

N67-28727

real and imaginary parts of phasor functions of the polar
coordinate.

The magnitude, phase, and polarization of the scat-
tered field may be computed in any azimuthal plane.

B. Applications

This program has been used primarily to compute the
scattered field from the subdish in a Cassegrainian feed
system. However, the scattered fields from other coni-
coids may also be computed (paraboloids, cones, discs,
ellipsoids, spheres, etc.) as well as arbitrary surfaces.

C. Input

The input to this program is compatible with the
output from the Cassegrainian Synthesis Program (II).
7094 machine time is roughly proportional to
NY(N1 + N2) (NP + 1), i.e, the number of integration
points times the number of output angles. Typical pro-
duction running time is approximately 5 min for 20 output
angles, NP = 1; and 500 integration points.

31



JPL TECHNICAL REPORT NO. 32-979

Card Parameters Format
1 JOB DESCRIPTION 5A6
2 KC Y1 DY X1 X2 X3 PI1 7F10.5
3 DpP F10.5
4 M1 M2 N1 N2 NY NP IFN | 915
IAR ISPOT
5 Reflector data 8F10.8
for 5513001
for 5513002
for 5513003
6 Incident field data 8F10.8
for 5513001
8F10.8
for 5513002
5E15.8
for 5513003

JOB DESCRIPTION = Cardforbinary-coded-decimal

32

information to identify the
particular job, Columns 2 to 30

normalizing parameter for re-
flector dimensions

initial output angle (measured
as #in Fig. 3), deg

differential output angle, deg

lower limit of integration
(Fig. 3), deg

intermediate limit of integra-
tion, deg

upper limit of integration, deg
initial azimuthal angle (mea-

sured as ¢ in Fig. 3), deg

differential azimuthal angle,
deg

first harmonic number of inci-

dent field (1 through 4)

final harmonic number of inci-

dent field (1 through 4)

number of points in the inte-
gration from XI to X2 (NI
must be even and < 898)

N2 =

NP =

IFN =

IAR =

ISPOT =

Reflector data =

Incident field data =

number of points in the inte- -
gration from X2 to X3 (N2
must be even and < 898)

number of values of output
polar angle minus one;
NY <500

number of output azimuthal
angles (cuts) wanted minus
one

number of values of F(X),
G(X), independent variable for
F(X), G(X), if these functions
are to be read from cards (IFN
may not be greater than 100.)
IFN = 0 if subroutine FIX is
to calculate F(X) and G(X)

number of values for AR, Al,
.-, DR, DI to describe inci-
dent field. (IAR may not be
greater than 100.) IAR = 0 if
subroutine FIX is to calculate
these functions.

1 if intermediate printout is
desired; = 0 for production
runs.

block of values of F(X), then
a block of values of G(X),
then a block of values of X.
F(X) = 1/kr, G(X) = (d/dX).
F(X), X =#¢ (in radians, see
Fig. 3). The sequence of F(X)
and G(X) must correspond to
the sequence of X values (also
see Program V). F(X) may be
input as F(X) = —1/r, if KC
is input as KC = 2x/.

the values AR, AI, BR, BI,
CR, CI, DR, DI, and X, the
independent variable for these
functions. Values are input in
data blocks, i.e., a deck of
cards for AR, then a deck of
cards for Al, etc. A = E4 at
¢ =0, B=E, at ¢’ = 0,
C =E, at ¢ =90° D = E,
at¢’ = 90°; Rand I represent
real and imaginary parts,
respectively, and E is the inci-
dent field complex vector. Note
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OUTPUT FIELD POINT
P(R,8,¢) R—eo

AN

e

POINT ON SCATTERING
SURFACE p(r, 8, ¢)

T
\
\

s
\
\
\
\

' \
W

>

ALL ANGLES ARE
IN DEGREES

Fig. 3. Scattering surface geometry

that D = (E, at ¢ = 90°) =
—(Eyat¢ = 90°). X = ¢, but
not necessarily the same values
as used for thc reflector input
data (also see Program IV).

D. Output

The output consists of both paper printout and
punched cards. The printout initially repeats all input
data and functions that may have been computed by
subroutine FIX. For each azimuth angle P, the printed

output consists of Y, the output angle, S and T, the real
and imaginary parts of the #-component of the electric
field, U and V, the real and imaginary parts of the
¢-component of the electric fields, and the magnitudes
of both components. The punched card output for Pro-
gram 5513001 consists of four cards for each value of Y,
one with Y and S, one with Y and T, one with Y and U,
and one with Y and V (Format F10.5, E20.8, 5A6). A
data block is output for each value of P. This output is
compatible with Program VII. The punched card output
for Program 5513002 consists of one card for each value
of Y, with Y, S, T, U, and V (Format F10.5, 4E17.8). This
output is compatible with Program VIII.

33
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E. Sample Case

Sample input

34

HYPERBOLOID SCATTERING
+5000¢ + +5 1633500+ ds 186 v 0
9040
3 + s56— 21 + 3
1.0 1.0 1.0 1.0 1.0
A B 1,0 16 1v6
1.0 1.0 1.0 1.0 1.0
v 1e0- 1+6 10 ivo
1.0 1.0 1.0 1.0 040
P PP . Y s
0.0 0.0
Bl - s DO m By +0 s
0,0 0.0 0.0 0.0 0.0
-Oe0- - - - - Be0 —— - - oD - 66 O+0
0.0 0.0 0.0 040 0.0
A-‘L L] -n v v
0.0 0.0 0.0 0.0 0.0
G e GO -
0.0 G.0 0.0 0.0 0.0
0.0 N 0+ 00 O+6
0.0 0.0 0.0 0.0 0.0
. s
0.0 0.0 0.0 040 040
Belt- - — - — - — D0 - &0 o —0v6
0.0 0.0
OO Ogl - — - - ——— Y OO v
0.0 0.0 0.0 040 0.0
S P P Seb— P
0.0 0.0 040 040 040
v~ — - —— - oy o & v
0.0 G.0 0.0 0.0 0.0
By —— B ——— —— — -
0.0 0,0 0.0 0.0 040
0vo Py ol P PAPY
0.0 0.0 0.0 0.0 0.0
PP - - vt Sel- O
0.0 0.0 0.0 040 0.0
O e QD . 0.0 00 Fa Y
0.0 0.0
0.0 falal 00 0.0 Falal
0.0 0,0 0.0 040 0.0
0,0 —— - - 0.0 0.0 0.0 Q0
0.0 0.0 0.0 0.0 0.0
0.0 - Qo0 . _ 0.0 00 00
Fall o ¥ Fa W oY
-1.0 -1.0 -1.0 -1.0 -1.0
140 . ml e 1.0 10O 1‘!\
-1.0 -1.0 -1.0 -1.0 -1.0
1.0 leO) - 1.0 —— e h Bl 1 O
~1.0 ~1.0 -1.0 -140 040
0.0 Q.0 0.0 L0 Qo0
0.0 040
Q0,0 0.0 0.0 Lol 0.0
0.0 00 0.0 040 0.0
0,0 DeQ D0 0.0 O el
0.0 040 0.0 0.0 0.0
0.0 L0 L0 FaUal Lo
040 0.0 0.0 0.0 040 )
040 . 040
- - 0431415925801 0+31290747601 031165508601 0+ 31040300E61——0+30915093E01—
0430789883E01 (0.30664676E01 0,30535466E01 0430414259601 0,30289050£01
Bed0T63 842601 30038633501 Gv2001F42bERI—OvIBTEBLI6ESL 20663608E6
0429537799E01 0.29412591E01 04292873B2E01 0.29162174E01 0429036965€01
0427999999E01 0423000000E01 0.17999999E01 0.13000000E01 0.80000000E00
4 00046
* £ v




-0.17010669¢-02

-0.71227551€-05
—0.13764203E-03 _
-0.29995292E-03 °
. ~0.46662986E-03
~0.61161070£-03
-0.79974531£-03
=0.94911084E-03
=0.11519194E-02
=0.13429411£-02
—0,13943203E-02
~0.14948434€-02
=0.17520189€-02

-0.21055788€-02

THE INDEPENDENT VARIABLE OF F{X),6(X)

0.31415924E 01
0.31165525¢€ 01
0.30913588€ 01
0.30657607E 01
0.30396360E€ 01
0.30127306¢ O1 .
0.296848022€ 01

. 0.29555827E€ 01 .

0.29251940E 01

0.28912149€ 01

0.208520569E 01

0.28174896E 01

0.27688506E 01

~0.16863602E-02

THE GI(X) FUNCTION FOLLOWS

-0.71376562E-05
=0.16918778€-03
~0.31700730£-03
=0.49273670E-03
~0.63347816E-03
-0.81074238£-03
~0.97192451E-03
~0.11841989€-02
~0.134256856-02
~0.14240332€-02
-0.15736222€-02
=0.18489546£-02
~0.213749689E-02

0.31380229€ 01
0.31129656E€ 01
0.30877288E 01
0.30620732€ 01
0.30358323€ 01
0.30088090E 01
0.29806971E 01
0.29513285€ 01
0.29206353E 01
0.28859908€ 01
0.28460801E 01
0.28112444€ 01
0.27619702€ 01

KC=  1.22180 VIIDEGREES)= 0.
X1= 163.41000  X2= 172.00000 X3= 180.00000
NO. INTERVALS XZ,X3 = 250 1= 0.
Wi 1 M=}
POTTER RUSCH 1712765
THE FIX) FUNCTION FOLLOWS
=0.21131825€-02 -0.211315716-02 -0.21130983E~02
0.21115778E-02  -0.21109T11E-02  -0.21102574E-02
-0.21054924E-02 -0.2104341TE-02  -0.21031193E-02
-0.20955884E-02 _ ~0.209377156-02 -0.20918628E-02
~0.208110036-02  -0.207869076-02 -0.20761754E-02
_...~0.20618133E-02 -0,20586339E-02 = -0.20553222E-02
~0.203711266-02 -0.20331228E-02 -0.20290013E-02
__<0.20061666E-02 -0.20011286E-02 -0.199592956~02
<0.19675493£-~02 -0.196142926-02 -0.195515306-02
~0.19211648E-02___ ~0.19137256E-02 -~0.19060349E-02
—0.18636T14E-02 -0.18542659E-02 ~0.18445215€-02
. —T0.17920329E-02 -0.17804857£-02 -0.17685463E-02

=0.167T09024E-02

=0.1651048TE-04
-0.19890814£-03
~0.335775326-03
-0.51610172E-03
-0.65857171E-03
~0.84193051£-03
-0.99727510€-03
-0.12161285€-02
~0.13522542€-02
-0.14550202E-02
-0.16413294E-02
~0.18860921E-02
-0.20519140E-02

0.31344514E 01
0.31093770€ 01
0.30840881E 01
0.30583748€ 0L
0.30320130€ 01
0.30048756€ 01
0.29765643E 01
0.29470532€ 01
0.29159942€ 01
0.28807051£ 01
0.28401431E 01
0.28049140F O1
0.27545214E 01

*Sampie output does not relate to sample input shown on p. 34.

"~ OY= T 1.00000

Sample output*

THE RUSCH INTEGRALS

R b

=0.21129434£-02
~0.21094493£-02
~0.210181506-02
~0.20898695€-02
~0.20735440£~02
~0.20519014E-02
=0.2024738%-02
-0.19905689€~02
-0.19487131£-02
-0.18980920E-02
~0.18344405E-02
-0.17561001E-02
-0.166071506-02

-0.43362378E-04
=0.22502244€~03
-0.35730T49€-03
-0.5369T7824E~03
~0.68666041E-03
~0.86430459%-03
-0.10254420£-02
~0.12470520£-02
=0.13613664£-02
-0.14785527€-02
~0.16736053E-02
~0.18421710E-02

0.41420534E-02

0.31308784E 01
0.31057858E 01
0.30804376€ 0Ol
0.30546627E 01
0.30281808E 01
0.30009177¢ 01
0.29724076E 01
0.29427546E Q1
0.29112636€ 01
0.28753331€ 01
0.28341196E 01
0.27981577€ 01
0.27569810€ 01

~0.21127400E-02
~0.21085604E-02
-0.21004169E-02
-0.20877966E-02
-0.20707907E~02
-0.20483553£-02
-0.20203371£-02
~0.19850483¢-02
-0.19421097€-02
~0.18898985E-02
-0.18239973E-02
~0.17427915E-02
-0.16443571E~-02

-0.56855381E-04
-0.24722517€-03
-0.38208812€-03
-0.55599958E-03
-0.71646272€6-03
-0.89197606E-03
-0.10520183E-02
~0.12758896E-02
-0.13637020E-02
-0.14865658E-02
~0.1649215T€E-02
~0.16512517E-02
-0.20519160£-02

0.31273016€ 01
0.31021900€ 01
0.307T67786E 01
0.30509343€ 01
0.30243377€ 01
0.29969420E 01
0.296082235E 01
0.29384277€ 01
0.29064212E 01
_ 0.208698213E 01
0.28277873E 01
0.27900980€ 01
0.27490091F 01

i\\\
e
A=z =0

" 'MO. INTERVALS FOR Y = 80
N0, INTERVALS X1,X2= 250
NO. INTERVALS FOR P= 1

-0.21124546E-02
-0.21076012E-02
~0.20969153E-02
=0.20856459€-02
=0.20679147E£-02
=0.20447400E-02
“~0.2015T7644E-02
~0.19793T04E-02
~0.19353344E-02
~0.18814514E-02
-0.18131134£-02
-~0.17291155E-02
~0.16279492€-02

-0.73698861£-04
~0.26629119E-03
~0.40961801E-03
-0.57405978E-03
~0.74617565€-03
-0.89792161E-03
~0.109126056-02
-0.13013072€-02
-0.13637133E-02
=0.14741458E-02
-0.15555508€E-02
-0.17894842¢-02
-0.2272p7688E-02

Hr =

0.31237213€ 01
0.30985881¢ Ol
0.30731124€ 01
0.30471877€ 01
0.30204833E Ol
0.29929159E 01
0.29640333€ 01
0.29340646E 01
0.29014530€ 01
0.28640912¢ 01
0.28207906E 01
0.27824558€ 01
0.2T417874E 01

~0.21120714E-02
-0.21065T81E~02

-0.20973051£-02

-0.20834155E-02

~0.20649203E-02
-0.20409801£-02
~0.201104456~02
-0.19735391E-02
~0.19283611E-02
-0.18727262E-02
-0.18032301E-02

~0.17152827E-02 _

~0.16110718€-02

T S

~0.10697544£-03
~0.28344989E-03
~0.43842196£-03
-0.59220195€-03
-0.7T419727E-03
-0.93097983E-03
-0.11196025€-02
-0.13221911E-02
-0.13735183£-02

-0.14598443E-02

~0.15555470E-02
-0.201834746-02
-0.23444816E-02

JPL TECHNICAL REPORT NO. 32-979

00332153 8-02 | _ 5 33001138 02
IR

0.312013680€ 01
0.30949783E 01
0.30694398E 01
0.30434217€ 01
0.30166156E€ 01

0.29888771E O .

0.29598176E 01
0.29296541€ 01
0.28963762E€ 01

0.28581143€ 01.

0.28238806E 01
0.27756021€ 01
0.27345886E 01

gEqos rel
410 -
¥_o|"‘
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THE INPUT FUNCTIONS

AR FUNCTION
0.23338953€ 01
0.19661534E 01
0,21389546E 01
0.20469122€ 01
0,20395847E 01
0.21678866E 01
0.19091111€ 01
0.24031805¢ 01
0.17623194¢€ 01
0.60142492E 00
0.12947629E-00
0.52542482€-01
0.29694446E-01

-0.

Al FUNCTION
0.49997930€ 01
0.42119969E 01
0.45821811¢t Ol
0.43850027¢ 01
0.43693057€ C1
0.46441606€ Ol
0.40897981E 01
0.51482197€ 01
0.37753335E 01
0.12884039E 01
0.27737091E-C0
0.11255926E-C0
0.636130056-C1

=-0.

BR FUNCTION

ARyAly..+.0RyDI WITH M=

0.23132119€ 01
0.19805936E 01
0.21027377¢ 0Ol
0.20916943EF 01
0.19975238E 01
0.21951564E 01
0.190136C8E Ol
0.24254560F Ol
0.15684134E 01
0.52039888E 00
0.12508303€E-00
0.51150163€-01
0.21254317€~-01
-0.

0.49554840E Ol
0.426429315¢€ 01
0.45045954E 01
0.44809373€ 01
0.42792003€ 01
0.47025795€ 01
0.40731949€ 01
0.51959394€ 01
0.33599375E 01
0.11148258E Ol
0.26795944E-00
0.10957655E-00
0.45532116E-01
-0.

0.
C.

0.22564832E 01
0.20174737¢ 01
0.20577289€ 01
0.21317907€ 01
0.19752622€ 01
0.21965881E 21
0.19386704E 01
0.23997232€ 01
0.13691154€ 01
0.43716953E-00
0.11021382E-00
0.38171814E-01
0.31979988E-01

-0.

0.48339570E 01
0.43219383€ 01
0.44081751€ 01
0.45668342¢ 01
0.42315103E 01
0.47056465E 01
0.41531216E 01
0.51408132F 01
0.29329912€ 01
0.93652754E 00
0.23610587E-00
0.81773669%9E~01
0.68509210E-01

-0.

Sample output

0.21778174E 01
0.20661529€ 01
0.20171545E 01
0.21557418E 01
G.19799478E 01
0.21643216E 01
0.20156027€ Ol
0.23299312€ 01
0.11675%46E Ol
0.34688661E-00
0.82276043E~01
0.19947217E-01
0.20593189E-01
-0.

0.46654352€ 01
C.44262214E 01
G.43212543E 01
0.46181432E 01
0.42415481€ Ol
0.46365235€ Ol
0.43179301€ 01
C.49913010€ 01
0.25012828E 01
0.74311870E 00
0.17625605E-00
C.42731978€-01
0.44115814E-01
-0.

0.
0.

0.20947453E 01
0.21133158E 01
0.19923058€ 01
0.21560857E 01
0.20115881E 01
0.20993249E 01
0.21231794E 01
0.22243305€ 01
0.97800995€ 00
0.25660425€-00
0.50585490E-01
0.12858126E-01
0.15184283E-01

0.44874732E 01
0.45272562€ 01
0.42680223E 01
0.46188802€ 01
0.43093295€ 01
0.44972842E 01
0.45483864E 01
0.47650775E O}
0.20951442E 01
0.54971111E 00
0.10836688E-00
0.27545355€-01
0.32528567E-01

0.20250852€ 01
0.21459749€ 01
0.19896439E 01
0.21318153F 01
0.20630431E 01
0.20232400E 01
0.22386239¢ 01
0.20913927€ 01
0.81812004E 00
0.18268394€-00
0.12599757E-00
0.21873327e-01
0.20881171€-01

0.43382441E 01
0.45972199E 01
0.42623197€ 01
0.45668868F 01
0.44195596E 01
0.43342914F 01
0.47956977€ 01
0.44802915€ 01
0.17526197E 01
0.39135513E-00
0.26991864E-00
0.46858189€-01
0.44732741€-01

0.19805586€ 01
0.21552002€ 01
0.20096172€ 01
0.20890563¢ Ol
0.21216623€ 01
0.19565392€ 01
0.23363767€ 01
0.19390149E€ Ol
0.69517168E 00
0.14124028E-00
0.16914026E-00
0.30159573E-01
0.20041896E-01

0.42428568E€ 01
0.46169830E 01
0.43051074€ Ol
0.44752865E 01
0.45451367€ OL
0.41914009€ 01
0.50051089E 01
0.41538598E Ol
0.14892332€ Ol
0.30257235E-00
0.36234116E-00
0.64609423E-01
0.42934801E-01



DR FUNCTIGON
-0.23338953€ 01
~0.19664T09E 01
~0.21401267E 01
-0.20434088E 01
~0.20454425€ 01
=0.21639057¢ Ol
-0.19171592€ 01
-0.23851874E 01
-0.17582136¢ 01
~0.64357711€ 00
~0.146949886-00
=-0.58209260£-01
~-0.31688628E-01
-0.

DI FUNCTICN
~0.49997931F 01
-0.42126773E 01
~0.45846920EF 01
~0.43774978E 01
-0.43818543E C1}
~0.46356324E 01
-0.41070390¢€ Gl
-0.51096738BE 01
~0.37665375¢ 01
~0.13787047¢ C1
~0.31480376£-0D
~0.12469893£-00
-0.67885042E-01
-0.

-0.23134511E a1
~0.19796503F 01
-0.21054094E 01
-0.20871361€ 01
-0.20034485€ 01
-0.21932194E 01
-0.19103114€ 01
-0.24008489%9E 01
-0.15819681€ 01
-0.55T7T10001€ 03
-0.13863739E-00
-0.55590361€~01
-0.23482151E-01
-0.

-0.49559968E Ol
-C.42409109E 01
-C.451031B7E C1
~0.44T11727E 01
~0.42918925E 01
~J.46984300F C1
-0.40923696E 01
~0.51432245€ 01
-0.33889753E 01
-0.11934488E O}
-0.29699629E-00
-0.11908858E-00
~£.50304700E-01
-0.

Sample output (contd)

~0.22571349E 01
~0.20153896E 01
-0.20613047¢ 01
-0.21273483F 01
-0.19795951€ 01
-0.21927645€ 01
~0.19468222F 01
-0.23697320F 01
-0.13937002€ 01
-0.46908452E-20
-0.12100255€-00
~0.425534356-01
~0.11746239E-01
-0.

-0.48353532¢ 01
-0.43174734E 01
~0.44158352€ 01
~0.45573172 01
~0.42407925¢ Ol
~D.46974554E 01
~0.41705848F 01
~0.50765645E 01
-0.29856580f 01
-0.10048974€ 01
~0.25921801£-00
-0.911602028-01
~0G.25162984E-01
-C.

THE INDEP. VARIABLE FOR THE ARyec..ssDI

0.31415924€ 01
0.31165525€ Cl
0.30913588E 01
0.30657607€ O1
0.30396360E 01
0.30127306E 01
0.29848022E€ 01
0.29555827E O1
0.29251940£€ 01
0.28912149¢F 01
0.28520569E€ Ol
0.28174896€ 01
0.276BBS06E 01
0.27299999€ 01

0.31380229€ 01
0.31129656E 01
0.30877288E 01
J.30620732€ 01
0.30358323E 01
0.30088090E 01
0.29806971E Ol
0.29513285€ 01
G.29206353¢ 01
0.28859908E 01
0.2B460801E 01
0.28112444E 01
0.27619702€ 01
0.20000000€ 01

0.31344514E 01
0.31093770E 01
0.30840881F 01
0.30583748f 01
0.30320130€ 01
0.30048756E 01
0.29765643E 01
0.29470532E 01
0429159942 01
0.28807051E 01
0.28401431E O1
0.28049140E 01
0.27545214€ 01
0.09999999E 01

-G.2178895CE 01
~0.20634151¢€ 01
~0.20206992€ 01
-0.21526147¢ 01
-0.19813365E 01
~0.21599890E 01
-0.20226527€ 01
-(.22969680€ 01
~(.12023465E 01
~0.37559713E-00
-£.92060582E-01
~C.24797013€-01
-0.89065889c-02
-0.

—0.466T7435E 01
=0.44203564F 01
-0.43288480E 01
—C.46114444E 01
~0.42445233E 01
~0.46272421E 01
-0.43330332€ 01
-0.49206855€ 01
~0.25757299¢ 01
~U.B80462394E 00
-0.19721702€-00
~0.53121465E£-01
~0.19080161£-01
=G.

0.31308784F 01
€.31057858E 01
G.30804376E 01
0.305646627€ 01
G.30281808€ 01
0.30009177€ 01
€.29724076E 01
0.29427546E O1
$.29112636E 01
C.28753331F 01
0.28341196€ 01
0.27981577€ 01
0.2756981GE 01
-0.

-0.20964662E 01
~0.21106395€ 01
-0.19947854E 01
-0.21552160F 01
-0.20093942€ 01
-0.21009506€ 01
-0.21242829E 01
-0.21920113F 01
-0.10217320E 01
-0.28345349E-00
~C.60190377E-0C1
-0.16593838E-01
-0.17258739E-01

~0.44911604E 01
-0.45215230F 01
-0.42733339¢ 01
-0.46170172E 01
~0.43046301F 01
-0.45007669E 01
-0.45507504E 01
-0.46958417€ 01
-0.21888082€ 01
-0.60722698E 00
-0.12894299€-00
~0.35548192E-01
-0.36972579E-01

0.31273016E 01
0.31021900F€ 01
0.30767786E 01
0.30509343E 01
0.30243377€ 01
0.29969420€ 01
0.29682235E 01
0.29384277¢ 01
0.29064212f 01
0.28698213F 01
0.28277873E 01
0.27900980E 01
0.27490091€ 01

~-0.20268815E 01
~0.21441048E 01
~0.19902427€ 01
-0.21336462f 01
-0.20575301¢€ 01
-0.202858956F 01
-0.22323360€ 01
-0.20641389E 01
~0.86589221EF 00
-0.20741790£-0C
-0.42440836E-01
—0.2558544TE~-01
-0.22171634E-01

-0.43420922¢ 01}
-0.45932138F 01
-0.42636025¢t 01
-0.45708092F 01
-0.4407T7492E 01
~0.43457514F 01
~0.47822274€ 01
~D.44219067E 01
-0.18549597E 01
~0.44434153E-00
~0.90918989E-01
-0.54810487€~-01
~0.47497240€-01

0.31237213E 01
0.30985881E 01
0.30731124E 01
0.30471877E 01
0.30204833€ 01
0.29929159E 01
0.29640333¢ 01
0.29340646F 01
D.29014530F 01
0.28640912E Ol
0.28207906E 01
0.27824558€ 01
0.27417874€ O1

~0.19818743E 01
-0.21547186€ 01
-0.20080155€ 01
-0.20933657€ 01
-0.21139293E 01
-0.19613160E 01
-0.23252971€ 01
-0.19189937€ 01
~0.74168625€ 00
-0.16257174€-00
-0.50728851€-01
~0.32612764E-01
-0.21147832€-01

-0.42456751€ 01
-D.46159513E 01
-0.43016765E Ol
-0.44845182E 01
-0.45285705E 01
-0.42016343€ 01
~0.49813739€ 01
~0.41109690F 01
-0.15888792F 01
-0.34826972E-00
-0.10867400E-00
-0.69864TTTE-01
-0.45303997€-01

0.31201300E 01
0.30949783€ 01
0.30694398E 01
0.30434217€ 01
0.30166156E 01
0.29888771E 01
0.29598176E 01
0.29296541€ 01
0.28963762E 01
0.28581143E 01
0.28238806E 01
0.27756021E 01
0.27345886€ 01

JPL TECHNICAL REPORT NO. 32-979

37



JPL TECHNICAL REPORT NO. 32-979

38

Y

0. ;
0.99999998¢
0.19999999¢
0.29999999¢E
0.39999998E
0.49999998¢
0.59999998¢E
0.69999997F
0.79999997¢
0.89999995¢
0.99999996E
0.10999999%¢
0.11999999€E
0.13000000E
0.13999999E
0.14999999¢
0.16000000E
0.16999999E
0.17999999¢
0.18999999E
0.19999999¢
0.20999999¢E
0.21999999¢
0.22999999E
0.23999999¢E
0.24999999¢E
0.25999999¢E
0.26999999¢E
0.27999999¢
0.28999999¢
0.29999999¢
0.30999999¢
0.31999999E
0.32999999¢
0.33999999¢
0.34999999¢
0.35999998¢
0.36999999¢
0.37999999¢E
0.38999999E
0.39999998¢E
0.40999998E
0.41999999¢
0.42999998¢E
0.43999998¢
0.44999998F
0.45999999¢
0.46999998¢E
0.47999998E
0.48999998¢
0.49999999¢
0.50999998E
0.51999998¢E
0.52999998¢E
0.53999998E
0.54999998€
0.55999998¢
0.56999999¢E
0.57999998¢
0.58999998¢
0.59999998F
0.60999998 ¢
0.61999997¢
0.62999998E
0.63999999¢E
0.64999998¢
0.65999998¢€
0.66999998E
0.67999998F
0.68999998F
0.69999998¢
0.70999998¢
0.71999997¢
0.72999997t
0.73999998E
0.74999997¢E
0.75999998¢
0.76999997¢E
0.77999998¢
0.78999998¢
0.79999997¢

00
01
ol
01
o1
01
01
01
01
231
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
c2
02
02
02
02
02
02
c2
02
Q2
02
02
02
02
G2
c2
a2
02
02
02
02
02
o2
02
02
02
02
2
02
02
02
02
02
c2
02
92
G2
c2
02
02
02
02
02
c2
G2
c2
02
c2
02

THE VALU OF P=

0.

Sample output

u
0.35583942E-00
0.35948051E-00
0.10958829E-00
-0.31417049€E-00
~0.89861312E 00
-0.89051682E 00
0.11706554E-00
G.10515655€ 01
0.78987770€-01
-C.10359456E 01
0.58222304€ QO
0.31157880E-00
-0.84169162E 00
0.94435875E 00
-0.92186511E 00
G.90105813E 00
-0.96650655€ 00
0.10443615€ 01
-0.92288458€ 00
0.34595560E-00
0.59289885E 00
-0.10614447E Ol
0.11784641E-00
0.10023774E 01
-0.37615367€~01
=0.96311066E 00
-0.73974991E 00
0.52987199€-01
0.71450171E 00
G.10202779€E 01
C.11049651E 01
C.11146947E 01
G.11139174F 01
0.10604945€E 01
0.85155923€ 00
G.292560576-0C
~0.49552656£~-00
~0.10571170€ 01
-C.59688690F 00
0.72461181E 00
0.96758746E 00
-6.69641110€E 00
-0.82139523E 00
G.11105522€E 01
~0.12339185€~-00
-C.84560654E 00
0.11402673E 01
-0.92547237€ 00
G.53772312E 00
—0.21709462E~-00
0.22898634E-01
C.18718120E-01
C.79904718E-01
-C.35398300E-00
0.78567005€ 00
-0.12360977E 01
0.13550798F Ol
~0.84483992E 00
-G.86083589E-01
C.72038381F 00
-L.568121CCE 00
v.13376089€-01
0.22219061£-00
-0.83168143E-01
0.14245050E-02
~0.27361146E-01
-0.37178183E-01
G.71956424E-01
0.28671619€-01
~C.56786953€-01
~0.26436549E-01
0.31300633E-01
0.19296990F-01
-0.10522278E-01
-0.10790598E-01
C.55681641E-02
-0.10645586E-02
-0.26460582E-02
0.36648958E-03
C.64463460E-02
$.22490308E-02

v
0.77949439E 00
0.73864448E 00
0.88032847E 00
0.84997202E 0O
0.40380753E-00
-0.49561550E-00
-0.10622702€ 01
-0.10991607E-00
0.10767899E 01
~0.15066653E-00
-0.86397347E 00
0.92885739€ 00
~0.48625427€-00
0.12009265E~-01
0.29001655E-00
-0.37498027E-00
0.30504087E-00
0.20427314E£-01
~0.52702487€ 00
0.10287235E 01
-0.89319792¢ 00
~0.14782046E-00
0.10267852€E 01
~0.19139627€-00
~0.10079500E 01
-0.27467603E-00
0.70365422E 00
0.10273910¢ 01
0.79560144E 00
0.38996771€-00
0.696627656-01
-0.69282426E-01
0.12973332€-01
0.27243827€-00
0.67837668E 00
0.10281601E 01
0.92830712€ 0O
0.14402821€-00
-0.91466112E 00
-0.84910904€ 00
0.62570827€ 00
0.97690639€ 00
-0.88681967E 00
~0.46599419E~-00
0.11897402€ O1
~0.82740641€ 00
0.35384563€-01
0.60661738E 00
-0.95372636E Q0
0.11099473E 01
-0.11758139€ 01
0.12285827E 01
-0.12779051F 01
0.12915006E Ol
-0.11469709E 01
0.67058934E 00
0.13870373E-00
-0.91456699€ 00
0.10685895E 01
-0.45679802€-00
~0.27544753F-00
0.41977100£E-00
~0.10137112€-00
-0.77879947E-01
0.224565B86E-01
-0.27414372e-01
0.56391162E-01
0.34734770E-01
~0.6B8140662E-01
-0.28470641E-01
0.45656582E-01
0.21685351£-01
~0.17596524E~01
-0.16904000£-01
0.79506353E-02
0.33394406£-02
-0.31587607€-02
0.16443101€-02
0.43266796E-02
0.10106317€-02
-0.73353118E-02

SQRT(S2+T2)

Y
SQRT(U2+V2}
0.85687408E 00
0.8214T7545E 00
0.88712333E 00
0.90617631€E 00
0.98517311E 00
0.10191441E 01
0.10687012E 01
0.10572945E 01
0.10796831E 01
0.10468446E 01
0.10418415E 01
0.97972312E 00
0.97205349E 00
0.94443510E 00
0.96640824E 00
0.97596923E 00
0.10135012€ 01
0.10445613E 01
0.10627658E 01
0.10853374E 01
0.10720688E O1
0.10716883E 01
0.10335258E 01
0.10204867E 01
0.10086516E 01
0.10015133€ Ol
0.10209599E 01
0.10287564E 01
0.10693429E 01
0.10922645€ 01
0.11071589€ 01
0.11168457€ 01
0.11139929E 01
0.10949297E 01
0.10887369€ 01
0.10689737€ 01
0.10522835€ 01
0.10668836E 01
0.10921899E 01
0.11162654E 01
0.11522744E 01
0.11997227E Ol
0.12087759€ 01
0.12043574E 01
0.11961217€ 01
0.11830688E 01
0.11408161€ 01
0.11065639€ 01
0.10948698€ 01
0.11309788E 01
0.11760368E 01
0.12287253E 01
0.12804008€ 01
0.13391332E 01
0.13902588E 01
0.14062814E 01
0.13621600E 01
0.12450651E 01
0.10720513€ 01
0.85300484t 00
0.63137374E 00
0.41998406€E-00
0.24422279€E-00
0.11393957€-00
0.22501722€~-01
0.38732158E-01
0.67543915E-01
0.79901384E~01
0.73927069E-01
0.63524289E-01
0.52758076E-01
0.38078656E~01
0.26115350€-01
0.19911392E-01
0.13403343E~01
0.64927894E-02
0.33333248E-02
0.31153458E~02
0.43421734E-02
0.65250864E-02
0.76723489E~02
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Sample output

Y

THE VALU OF P=

0.89999997¢ 02

- T u v SQRT{S2+72) SQRT{U2+V2)
0. 0.35583947E-00 0.77949440€ 00 0.21209682E-07 0.46461486E-07 0.85687411E 00 0.51073675€-07
0.99999998¢ 00 0.35839374E-00 0.73802535€ 00 0.21426708E-07 0.44026642E-07 0.82044347€ 00 0.48963752€-07
0.19999999€ 01 0.10514468E-00 0.88283475E 00 0.65319709E-08 0.52471665E-07 0.88907401E 00 0.528766T1E~07
0.29999999E 01 -0.31532001£-00 0.84931441E 00 -0.18726020€-07 0.50662280E-07 D.90595897E 00 0.54012317E-07
0.39999998E 01 -0.89990613¢ 00 0.40292852E-00 ~0.53561515E-07 0.24068804E-07 0.98599312€ 00 0.58720893E-07
0.49999998E C1 ~-0.88894889E 0C -0.49507548E-00 ~0.53078938£~-07 ~0.29540986E-07 0.10175116E 01 0.60T45727€-07
0.59999998E Ol 0.11944111E-00 -0.10624373E 01 0.69776500E-08 ~0.63316241£-07 0.10691302€ 01 0.63699560£-07
0.69999997€ 01 0.10514493E C1 -0.10754875E-00 0.62678191E~-07 ~0.65515084£-08 0.10569353€ 01 0.63019662£-07
0.79999997E€ Ol G.T76697899E~01 0.10757448E 01 G.47080379E-08 0.641816B4E-07 0.10784755€ 01 0.643541306-07
0.89999995¢ 01 -0.10315944E 01 -0.15116940£-00 ~0.61747172E~07 -0.89804252€-08 0.10426117€ 01 0.62396803E~-07
0.99999996E 01 0.58037109E 00 -0.86059596E 00 0.34703197€-07 ~0.51496831E-07 0.10380057€ 01 0.62098596€-07
0.10999999E 02 0.31219637€-00 0.92401942E 00 0.18571544E-07 0.55364214E-07 0.97533505E 00 0.58396048E-07
0.11999999€ 02 ~-0.84163519E 00 -0.48301911E-00 -0.50168730E-07 -0.28983013E-07 0.97039025€ 00 0.579389036-07
0.13000000€ 02 €.94285035€ 00 0.95991826E-02 0.562B8168E-07 0.71580797E-09 0.94289921E 00 0.56292719¢-07
0.13999999EF 02 -0.92170834E 00 0.29173486E-00 -0.54947443E-07 0.17286333E~07 0.966771581E 00 0.57602420€-07
0.14999999¢ (2 0.90049300F 00 -0.37640260E-00 0.53707249E~07 -0.22350565€-07 0.97599516E 00 0.58172299E-07
0.16000000€ 02 -0.96775816E 00 0.30641720€-00 ~0.57608279E-07 0.18181852E-07 0.10151095€ 01 0.60409383E-07
0.16999999E 02 0.10447371E Ol 0.21217349E-01 0.62248301E-07 0.12175628£-08 0.10449525€ 01 0.62260707€-07
0.17999999€ D2 -0.92266936E 00 -0.52758215 00 —0.5500820TE~07 -0.31413130£-07 0.10628554E 0} 0.63345T78E~07
0.18999999E 02 0.34330761£E-00 0.102B3308E 0} 0.20620561E~07 0.61316701€-07 0.10841237€ 01 0.646911526-07
0.19999999€ 02 0.59282554F 00 -0.B88948T7T7E 00 0.35339525E~07 —0.53238744E-07 0.10689390E 01 0.63900281E-07
0.20999999€ 02 -0.10570139E 01 -0.14959529€E-00 ~0.63267040E-07 -0.88107859€-08 0.10675472€ 01 0.63877604E-07
0.21999999E 02 0.11563162E-00 0.10212856E 01 0.70241940E-08 0.61201166E-07 0.10278107E 01 0.61602938€E~07
0.22999999E 02 0.99744990F 00 -0.1892451 0E-00 0.59746353E~07 -0.11408106E-07 0.10152438E€ 01 0.60825T747€-07
0.23999999E 02 -0.36932743E-01 -0.10020477€ 01 ~0.22420506E-08 -0.60078505E-07 0.10027281E€ 01 0.60120326E-07
0.24999999E 02 -0.95710243E 00 -0.271633276-00 ~0.57405868E-07 -0.16371967E-07 0.99490185€ 00 0.59694849€-07
0.25999999¢€ 02 -0.73404960E 00 0.70384910f 00 ~0.44092530€-07 0.41941059E-07 D.10169721E O1 0.60853954E-07
0.26999999E 02 0.56855125E-01 0.10249964E 01 0.31582832E-08 0.61237276E-07 0.10265721€ 01 0.61318664E-07
0.27999999F 02 0.71754570F 00 0.7909251 9 00 0.42587620E-07 D.4T421540E-07 0.10679112€ 01 0.63737806€E-07
0.28999999¢ 02 0.10233786F 01 0.38804960£-00 0.60813302E-07 0.232438BTE-07 0.10944799€ 01 0.65104039E-07
0.29999999E 02 0.11048826E 01 0.67006972E~01 C.65B61055E-07 0.41522243E-08 0.11069126E 01 0.65991814£-07
0.30999999¢€ 02 0.11171146E O1 ~0.69632374E-01 0.66440985E-07 -0.41295544E-08 0.11192827E€ 01 0.66569194E-07
0.31999999E 02 0.11146495€ 01 0.17489292£-01 0.66394653E~07 0.77327091E-09 0.11147866€ 01 0.663991556-07
0.32999999¢ 02 0.10560650€ 01 0.27693760E-00 0.63210400E-07 0.16238586E-07 0.10917728E 01 0.65262901£-07
0.33999999¢ 02 0.84240985E 00 0.68069623€ 00 0.50756885E-07 0.40434401E-07 0.10830520€ Ol 0.64893TT6E-07
0.3499999%E D2 0.28455019E-0C 0.10231845E 01 0.17437968E-07 0.6128311BE-07 0.10620148E 01 0.63715800£-07
0.35999998E 02 -0.49601373E-00 0.91629761F 00 -0.29535684E-07 0.55331416E-07 0.10419361€ 01 0.62720986E-07
0.3699999%9¢ 02 -0.10472249€ 01 0.14032732¢-00 ~0.63309086E-07 0.85847502£-08 0.10565849€ 01 0.6359121TE-07
0.37999999€ 02 -0.59161086E 00 -0.90662945¢ 00 ~0.35577232E-07 -0.54518051E-07 0.10825804E 01 0.65099595E-07
0.38999999E 02 0.71430877€E 00 ~0.B4221540¢ 00 0.43190229€-07 -0.50610843E-07 0.11043385¢ 01 0.66534601E-07
0.39999998F 02 0.96337973E CO 0.61485883E 00 0.57672707E-07 0.37295119E-07 0.11428700€ 01 0.68680906E-07
0.40999998E 02 -0.68305468E 00 0.97555890t 00 ~0.41509335E-07 0.58228158£-07 0.11909151€ 01 0.71509044E-07
0.41999999E 02 -0.82343429€ 00 ~0.87676912E 00 ~0.48958971E-07 -0.52858571€-07 0.1202816TE 01 0.72048639€-07
0.42999998E 02 0.11002283£€ 01 -0.471375726~-00 0.66194069E-07 ~0.27775417€-07 0.11969533€ 01 0.71785295E-07
0.43999998E D2 ~0.11262449£-00 0.11850556E 01 ~0.T3547275E-08 0.70914044E-07 0.11903954€ 01 0.T1294414£-07
0.44999998EF 02 -0.85083974E 00 -0.81612578E 00 ~0.50402077E-07 -0.49317265€E-07 0.117689782E 01 0.70516395€-07
0.45999999E 02 0.11462037€ 01 0.23354862F-01 0.67965226E-07 0.21090643€-08 0.11464415E 01 0.67997942€-07
0.46999998E ©2 -0.92988645E 00 0.62068871E 00 -D.55162451E-07 0.36157213E-07 0.11180086E 01 0.65956350E~07
0.47999998E 02 0.54724137€ 00 -0.972T76606E 00 0.32050795E-07 -0.56846520E-07 0.11161303fF 01 0.65259331E-07
0.48999998¢ 02 -0.22603655£-00 0.11291497E 0C1 ~G.1293984BE-07 0.66158013E-07 0.11515518E 01 0.67411589€~-07
0.49999999€ 02 0.37202816£-01 -0.11954211€ 01 C.13648649€-08 -0.70083971E-07 0.11959998E 01 0.70097260£-07
0.50999998E 02 0.286208568-02 0.12424120E O1 C.11156B69€~08 0.73229238E-07 0.12424153€ 01 0.73237737€E-07
0.51999998F 02 G.10246076E-00 -0.12840051¢ 01 C.47626923E-08 ~0.76169081E~07 0.12880867F 01 0.76317836E-07
0.52999998E 02 -0.37721869%E-00 0.128343268 01 -0+21099031E-07 0. 7697944007 0.13377194€ 01 0.79818565E-07
0.53999998E 02 T.80431224E 00 -0.11205453€ 01 0.46829583E-07 ~0.68364T96E-07 D.13793258€ 01 0.8286588T7E-07
0.54999998E €2 -0.12309881E 01 0.63428732E 00 -C.73677165E-07 0.39970239E-07 0.13847931E 01 0.83820908£-07
0.55999998E 02 0.13211381E 01 0.1658990GE~00 0.80769051E~-07 0.82673869E-08 0.13315136E€ 01 0.81191065%E-07
0.56999999E 02 -C.80556335E 00 -0.90522562E 00 -0.50356383E~07 -0.54512440€-07 D.12117614E 01 0.74211666E-07
0.57999998BE 02 -0.98572087€-01 0.10312427€ Ol -C.5130981 76-08 0.63692903E-07 0.10359430E 01 0.63899239E-07
0.58999998€ 02 0.69916279€ 00 ~0.43723382E~CO G.42938221E-07 -0.27227283E-07 0.82462235€ 00 0.50843050€E-07
0.59999998E 02 -0.54867706F 00 -0.25880721£-00 ~0.33862650E-07 -0.16417952E~-07 0.60665285F 00 0.37632807E-07
0.60999998E (2 0.23792957E~01 0.40384331£-00 0.79727708E-C9 0.25020301E-07 0.40454360E-00 0.25033000E-07
0.61999997€ 02 0.20786224E-00 ~0.11500550E-00 C.13243593£-07 -0.60421899E-08 0.23755626E-00 0.14556812E-07
0.62999998€ 02 ~0.93146937E-01 -0.63214964E-01 -0.49572076E~08 ~0.46420065E-08 0.11257213E-00 0.6791327TE-08
0.63999999E 02 0.1197B864E-C1 0.33846395£-01 C.B4907116E~10 0.13385168E-08 0.35903644E-01 0.134120716-08
0.64999998E 02 -0.17159341€~01 ~0.38985381E-01 ~0.16308514E-08 -0.16340239€-08 0.425946346-01 0.23086166E-08
0.65999998E D2 ~0.43640230€~-01 0.49138859E~01 -0.22159924E-08 0.33611752E~-08 0.65719838E-01 0.40259311E-08
0.66999998€ C2 C.63253110€-01 0.38465071£-01 0.42889371£-08 0.20703536E-08 0.74030517E-01 0.47624936E-08
0.67999998€ 02 0.31602101E-01 -0.62971369E-01 0.17089616E-08 -0.40614999E-08 0.70456271£-01 0.44063967E-08
0.68999998€ 02 -0.54714333€-01 -0.26161514E-01 ~0.33847661E-08 -0.16969824E-08 D.60647201E-01 0.378634276-08
0.69999998E C2 -0.21746837E-01 0.42750673E-01 -C.15757411E~-08 0.27213443E-08 0.47963996E~01 0.31446263E~08
0.70999998€ 02 0.301565C1E-01 0.18386759E-01 C.18656631E~08 0.12925476E-08 0.35319789€-01 0.22696648E~08
O.T1997997c 02 N.15375905£-01 -0.19748231E-01 0.11501902E-08 —0.104883456-08 0.25028206€-01 0.15565961E-08
0.72999997F 02 -0.12298767E-01 -0.11717156L- 01 -0.A27T17663E~09 -0.10075569E-08 0.16986801E-01 0.11868114£-08
0.73999998F 02 -0.78043965E-02 0.73048233€-02 ~C.64316975E-09 0.47389479E-05 C.10680670F-01 0.79890149E-09
0.74999997E 02 0.45718752E-02 0.44827428E-02 ©.33188844E-09 0.19904616E-09 0.64028919E-02 0.38700040E-09
0.75999998E€ 02 0.1B644448E-02 -0.37256221E-02 -0.63452636E-10 -0.18827681E-09 0.41661030£-02 0.19868164E-09
0.76999997€ C2 ~0.3604B935€-02 0.13952108E-03 -C.157T71736E~09 0.98008519€-10 0.36075924E-02 0.18568908£~09
0.77999998¢ 02 0.114603976-02 0.31042541E-02 0.21844482E-10 0.25789019€~-09 0.33090483E-02 0.25881370£-09
0.78999998€ 02 0.20195983E-02 -0.66151044E-03 C.38423216E-09 0.60238343E~10 0.21251761€-02 0.38892546E~-09
0.79999997E ©2 C.11590564E-02 -0.91455085E-03 C.13405268E-09 -0.43721865E-09 0.14764196E-02 0.45730763E~-09
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NO. 32-979

Y
LR

i /,
VIE“ PHASE-CENTER PROGRAM "~

{-W. V.T. Rusch ’ﬁ A

NG7 28728

Program: 5433, binary in Jet Propulsion Laboratory C. 'nput
Library

Engineer: W. V. T. Rusch Card Parameters Format

Programmer: R. Brodie 1 IPLOT N PCK21 PCK22 |(11,14,2F158,
NX NY NOVX NOVY 14, 313;

A. Program Description ;(ﬁiio XMAX YZERO, 4F6.1)

The input consists of the real and imaginary parts of Cards

the E- and H-plane fields of an electromagnetic wave. ards tor

Usually the input consists of the card output from the S (F10.5, E2(_)r8)

Scattering Program (VI). These fields are centered about T (10X, E20.8)

some arbitrary origin. The program determines a best-fit U (10X, E20.8)

phase center in terms of a distance from the origin (in %4 (10X, E20.8)

wave-numbers) along the negative z-axis. The phase

characteristic of the scattered wave is then determined

with respect to the E- and H-plane phase centers. IPLOT = 1 if plot desired

= 0 if plot not desired
N = number of angles for which field is inputted

Thi d te E. and H. ol b PCK21 = predicted phase center for S and T
s program determines the E- and H- plane phase _ )

centers of fields scattered from surfaces of revolution PCK22 = predicted phase center for Uand V
(Ref. 12). NX = number of lines for X-coordinate

B. Applications

41
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NY = number of lines for Y-coordinate
NOVX = number of heavy lines for X-coordinate
NOVY = number of heavy lines for Y-coordinate

XZERO = lower value of X
XMAX = upper value of X
YZERO = lower value of Y
YMAX = upper value of Y

42

In its original form, only one case can be run at a time."
7094 time is proportional to N. In the case below, N was
241; the time was 25 sec.

D. Output

Program prints out computed E- and H-plane phase
centers and resulting phase characteristics relative to these
phase centers. Plots may also be obtained.
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- E. Sample Case Sample input

1 24} 165.54870941  145.54870941 75 42 15 8 D¢ T8. 147« 151
‘ Jal —l el 7861 23E=00
- GeC Te&l61537E~L2
Lol ol lBEY23E (T
Oe Cet161543E-L2
{a25 —LalTAEBBQE=0G
Ce25 Ce3594741E-C2
a5 =L o1 786 7IQE =0l
Ce25 Ce3618177€
aS =l IERLS 2 mi
Je® Ce1897233E-C2
Lok =0e1788517Ea00
Jeb Ce1930746E-02
Se25 =0,17292123E=00
Ce75 +9209326E-03
b P 2% PP T 2= 5 1 e & W P4 Vol
0e75 ~JUe711UB17E-C3
las i a1296003E=00
140 ~Let84314BE-02
\ 1a{ 1794378E=L0C
! 1.7 ~letu71658E-02
‘ 1a25 PG B -Sa Ve Sa¥ -1 e ta]
le?5 - e QB4R1ESE-C2
le25 e 1292636Exll
le25 Cea92681C7E-22
la5 1B03862E=L0
1le5 ~Le1589540E-C1
BUREY =0 JALL32AE =0l
1e3 -.e1507065E~01
1a75 ~CelB08753E-00
le75 -Ce2255273E-C1
1a25 = el1BL12L06=00
175 -Le21B4078E~C1
i ML B - 5 s § ot s
2e01 -Ca3C9%719E-C1
2e0 AL B E 7oV L-VN - Eatal
2.0 —e2353170
2425 el BURL5IE
2025 -Le3587774E-C1
1Y NI e 3+ Te 5 B -4 § -Dat el
2425 ~(e3808B664E-3T1
245 e 1 IRAGUZE=GD
2e5 -Je4961277E-21
245 ~La17RG33BE =il
2e5 ~lea743907£-01
2a5 =0A1Z7RIQRSF-C]
2475 -0e673C0B833E~01
2.75 —0 172649 FE=00
2475 ~Ce®75311135-01
1.9 =Lell62605E=00
30 ~.e712L790E-01
3.0 e }ZBT7625E =0
3e2 —0e6521369E-C1
3e25 ~0al738487F =00
3425 ~Ce8286319E-01
3.25 —0a173171AFE-GO
325 -Ce7944pT5E-C1
3 RPN
35 ~+ it
265 —Q-Qb??ZTZE—Cl
3¢5 -Me1&GTRITE-DO
3eb el UOR 3O E wT]
3475 -Ce1655250E~-C0
' —1al8 =lal072826F =00
1475 ~Ce1655036E~00
3a75% =lal03UAS0F =00
4el -(e1599970€~00
427 =CallQ7&A2F=00
4e0 -0e1602579E-CO
4aD =Ca1151832F=-00
4e25 -Le1532594E~CO
4a25 ~2al1322345E-00C
4e25 ~le15397T76E~LO
42258 ~1a1272796F-00
4e5 -Ce1455915E-00
425 —al443177E-00
4e5 -Ce1466103E-00
LB ~0.12927264F=00
4475 -.e1266317E-00
4475 ~al8RGABLGE=00
4e75 -G+1381206E~00
Loall —lal500748F =00
540 -0e126480CE-0D
Sal ~CalATR82ZE=CO
5e0 ~-0e1264916E~CT
2al) —Lalf2222RF=00
5425 ~Cs1151491E-00
5e285 =041 7H55A7F =00
525 ~Cel1177266E-00
525 —Nal22R537E-00
545 ~041026761E-00
5»5 ~CalBRAARALE-(D
55 -0.1058507E-CO
5.8 =0ulB2T0AGE=CO
5475 ~"aB912187E~01
575 ~0,1971R0GF =00
575 -la9291029€E=01
5415 =041916128E=00
640 -0e7457148E-01
Hal =10a204627 76800
6e0 -0.7897390E~01
Hal) ~0,19942R3F=00
6425 ~045913222E-01
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Sample input (contd)
£a25 =0 110342E=00
6e25 -Ce6413065E-C1
£Ha2b =042060068E-00
6e5 ~0e4293284E-01
bat ~(a215A8226E=00
6e5 -0e44849016E-01

Lot =042112172F=C0
6475 -0e261209CE~C1
£a75 =042190332F~00
6e75 -043218038E-31
—ba28 emla2149434E-C0
740 -048858575E-02
140 —0a2205779E-u0
740 ~Cel534456E-01
240 =Ca217J8AQF=C0
7625 0e86791318-02
7425 -042203914E-C0
7425 (el862055E=02
7425 ~Ce2175682E-0C
2.5 0e2630026F=0}
Te5 ~Ue2184333E-00
1.5 Ce1926566E=01
745 -0e2163283E-00
2435 D 4 3RUbbOE~G L —
Te75 -042146871E5-00
i 0 1-4 e 366974 EmD]
Te?5 -Ce2133293E-G0
—8e0 0e6109810E=01
8e0 -042091610E~20
8.0 0e5397601E-0]
840 —042085547E-00
8425 0e7IRBEI2E=0]
8425 ~0«2018855E£-00
8425 £o7092086E=41
8425 -0.2020088E-00
Ba5 049403041 E=(]
8e5 ~Uel1929124E-CV
8.8 Ce8735252E=01
Be5 ~041937155£-00
875 L el1093634E-00
8475 -041823111E-00
C 10947E=00
8e75 -041837174E-0C
Sl Loaldd2300E=00
940 —(el701663E-0C
9.0 0411797 70E=00
Gen -(a17207335-00
M— - (al369830F~ C
9e25 -Ce1565747E-00
9a25 2el3LB8330E=iC
94?5 ~041588671F-10
Qa8 0al489Q01E=00
Fe5 ~0e1416411E~00
a8 (alaGB072E=00
9e5 ~0e1441551E~00
3425 (alG4627RF =0
975 =0e1254767E~20
_ 9275 Cal558441F=00
9675 ~0e1280656E-C0
10,0 Qa1687811F=00
10,0 -041081965E-00
10,0 0al6B6QAGE =00
10,0 -041106976E-C0
10,25 0126343 LE=C0
10425 ~0eB991794E-01
I[\"J: 0017139206 E=00
10425 ~0e9216967E-01
2O eBO- Lol 82200 2Em0
10450 -0e7076192E-01
1U.50 0alB03745F-u0
10450 -0e47261263E-01
10478 UalBO2504E~00
10475 -0e5085424E-01
10,78 0,1849172FE-00
10,75 ~045217011E-01
11.0 041883801E-C0
11.G =(o3032838E=C1
| 11,C Ne1874NB1E~O0
1laG =043100361E=01
11.25 Cal1884721E-00
11,28 =0.9330965E=02
! 11425 041877073E-00
11,28 ~0.9286489F=02
11.5 Ge1864035E~00
1le5 0a1197278F-01
115 Ca1856766E-00
11.5 0a1277100F=01
! 11,75 Ce1820481E~0CC
1175 0a1339131F=01
11.75 041811838E~00
12.0 041752798E-00
12.0 0e1741070E-00
12425 0e1659804E-00
12,25 0.7563772F=-01
12425 0e1643431E-00
12.28% Qa?8648253F-01
125 . 041540488E-00

325 . 041518168E-90
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Sample input (contd)

1245 a9920530F 01
12475 0¢1394144E~U0
12,75 Call5108UE=00

- 12475 Ue1364927E-00
12,75 LalliB2234F=00
13, Le1227516E~00
,],‘,,,“, — 2 17)8{:&75:7L

} 13.0 «©183891E-00
! 134 all368Q63E =il
: 13425 0e1019969E~00
i 13,25 LB 226uE=uu
’ 13425 Ue9T759169E-ul
13,25 l‘.liﬁln‘F—u_n
1345 Ue7936645E-01
1345 Dal 6218598 =ul
1345 UeT426909E-01
13.5 LalbB85282F =00
13,75 Ce5437309E~01
13,715 iall271294F =0
13475 UetB6EBS96E-CI
13,75 uall55874F =00
1440 Ve273412VE-UL
laga0 alZ9B328E~00
1440 Ge2121444E~01
lhol il B2LLLGE =01
14425 ~Ue128UB48E-U2
lias25 UelB829908F-00
14425 “0e 76571 76E-U2
1l 5 LalBLA33ASE—Lu
1445 ~.e3U91558E~yl
lies L AR Tl =il
16,5 =Ce3732256E-v1
1445 Uel182348LE-uy
lig 25 - 6855538 ~.1
14,75 Vel757237E-wu
125 miab SS9 k=l
14475 Uel756692E-uY
1541 e QU2 TLI2E=ul
156v Lelb4662BE-uy
15 o = S bisls2 3L i
15.v ve1635986E-L0
15 -2 5. i llu24 216 &
15425 Ue1484556E-0C
16425 el 233604E~00
15425 Jel4668TBE~UY
15,5 1437855 I
1545 Ue1271782E~00
150 e Bl SEm D
1545 Ve12486T74E-UU
15475 e l6STRLSHE S
15,75 Gel1011194E~0U
15 174 =0 16913 11E=00
15475 Ce9B&TOUGE=V]
16gil =0 el1832851E=iul)
1640 Ue7079917E-U1
16 = 15855Q913E=
1644 Le68L4520E-ul
16425 ~i.a195%3314F~u
16425 ve3697826E-ul
16,25 = alQK89RTE—LD
16425 Ue3436520E-ul
1645 -Ua20lUAUIE-D0
1645 0e6538856E-03
16.5 ~1a2013643F~00
1645 -0¢1580966E-U2
16,15 —(al1338353F =00
16475 -Ue3696031E-0U1
16,78 =(e1993) 71£-~00
16475 -0¢3860UB17E-~U1
17,02 =041912550E-00
1740 ~0e7446937E~01
1lel =L elSiullia0f-00
1740 -Ue7536915€-01
11,25 =0e1752151E=00
17,25 -Ue1103485E-00
17ess ~(a1736822F=00

! 17.45 —Ue11UAC29E~0G0
11,5 =0.1519487E=00
17.5 -041430104E~00
17.5 =041502902E=00
17.5 -0e1421976E~00
17,75 =(141220818E=00
17475 ~Ce1708829€~00
17,15 = 120829800
17.75 ~041692618E-C0
1.0 ~DaBRGBR2TIE=D1]
1840 ~041924976E-00
1840 ~0.8534181E=0]
1840 ~0+1902063E-00
18,25 ~0a4bS57801F~01
. L _~0+206%812E=00
18425 —0e4599364E-01
18.25% =0e2038279E=00
18.5 ~0e3941256E~02
18.5 =042121446F~00
18.% -0+4047180E-02
18,5 =042091915F =00
18,78 03953579€-01
18,25 =0,2085647F =00
18,75 Ce3870447E-01
18,25 —0a205208S6F-00
19,0 08181524E-01

45
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Sample input (contd)

19,0 ~041956506E=00
19,0 0.8031247E-01
19,0 =01931839F=-0Q0
19,25 0e1207973E~00
139.25 —0.31736893F-00
19.75 0.1187687E~00
19423 —Ua1718893F-Q00
19.5 0¢1544411E-00
19,5 =0a1434650F 00
19.5 0e1521149E-00
19,5 =0.14256832E=00
19.7% 0.1808874F~00
19.75 Vel1785556E~00
19.75 =0alUB3AQCE—yy
2U,0 Ue1985808E-00
2040 04632576 2F 0]
2ueU Ve1965740E-00
2val ~0ab6955944FE-U]
20425 2063822E-00
2Ug25 ~Ue1807499E-0}
2U425 0¢2050373E-00
20,284 =042029006F-0]
2045 042036608E-00
20,5 002864727E~v]
20,5 0+2032872£-00
2Va5 Ge2538314E~01
20,75 0e1903606E-00
Lval’ (e2331968F-U)
2ul75 0e1912063E~u0
20475 Qaf67124F 1
2140 0e1670332E-00
2lev E=Qu
2140 Uel1692549E-00
lleu JallL1669F =10
21425 Ue1348325F=-N0
21428 UalaB3LT4F =\
21425 vel384739E-uu
21425 e —ualblB893)E-uu
2145 Ve9564696UE-Ul
21.5_ . 1a1741716E-00
2145 Vs 10C4499E~u0
21,5 —2alT7U94H3E=C0
21,75 Ue5112775€-01
21,78 {e1899739E-UQ
21455 Ue5T24224E-01
21,28 DL1R7A338E-00
224v Oes344331€~02
224U Le1947589E-UC
22 olh Oe1127006E=01
22,0 Ve1935876E-00
22,25 —0ak213982E=01
22475 0.1881815€E-00
122425 . ——  =0,3478152E=0}
22,25 0e1883557E~00
225 =0 865472QE=01]
2245 Uel1TUSB6CE-UL
i BN U .78207368=]
2245 Ne1721818E-00
22,18 =041232411E=00Q
22,75 Ue143U053E-00
22415 =0e11638625E=00
22.75 0e1458676E-00
231 = 1528Q88E =00
23,0 0e1071139E-00
230 ~UelLb6RIBIE=(0
23,v VelllUsUsE-LU
23,25 =(el72670LE=Q0
23,25 046513402£=-01
L3 2h =lel618163Emll)
23425 Veb977481F=01
23,5 —1e1813090E =00
23.5 Ue19705556-01
23 .5 Vel 778025 E=00
23,5 Ue2462751F=01
23,75 =l Z82655Emiud
23,75 ~ve2627796E-U1
23,.5 =0el761390E=00
23475 -0e2154625E~-01
2440 ~(041637390E=00
24,0 ~0+6985331€£-01
24l =0,1628681E=00
24,0 ~046576981€-01
22k =04e1284TR2E DD
24,425 -0.10817956-00
264428 =04,1387926E=00
24425 =0e1051363E-00
Y =0a1042333F-00
2645 -Ue1387288E~-U0
248 =04 )}0854451E=00
2645 ~041370052E-00
24,18 =006416162E=01
24475 ~0e1594579E~00
24,78 =0a6800837E=01]
24475 -0.1591848E~00
25,0 a0e1968948Em0]
25,0 -0+1689535E-00
25,0 0¢20188506~01
25,0 ~041700945€~00
25,25 02 p655505m01
25,25 ~0¢1665396E-00
25,28 042595268F=01




Sample input (contd)

25425 -0.1688911E-00
2845 . 0.6815825E=01
2545 ~1e1523383F-00
25.5 aZD1933QE-0]
2545 ~0e 185881100
25,75 Ve 1U65840E~UU
25,746 Lol 2T AR I HE Al
2+ 0e1092704E-00
25,78 —11a1309002F=00
264U e 1366254E-00
26 440 ~eQ3s E=ul
2600 Ue14U6015€E-0U
26425 Ue1560758E~00
26025, =0.5207701E =01
26478 A 1414004F =00
2645 N 1640N1KE=ND
2645 =Lal214588E=02
2645 Ue1703635€-00
2645 ~Ga911R796E~02
26475 0e1594731E~00
26475 0e3B25725E-01
26475 0.1663326E-00
26a15 23766080F-01
27.0C 041426490E-00
27,0 0.8094115F=0]
270 Ne1494873€=-D0
21.0 0.RY772R1E-0Y
27,28 NeV14ANUGF~ND
21a2% C0e1175414F=NQ
27725 N41208905E-00
27425 3al197326E-0Q
2745 0e7729724E-01
271.5 0.1451097E=-00
275 0aR256K18F~01
2745 001486092600
27475 0.3247022E-01
27,15 OaYR12820F-00
27,78 e3734659F =41
27,18 Na1A82849F 00
28,0 —041281468F =71
28441 CalbiadQalf =00
28,0 -Ne1120921F=01
28.0 0.1682020F=00
28.7% ~0.5989845E~01
28,55 0,1561515€=00
28,425 —0+5915903E-01
28,25 0.1580278E=00
28,5 —(1e101BN1NE~UO
28,5 0.1307434E-G0
28.% —041024202F=-G0
28,5 ____ 0.13370317F-00
28.7% -041355326E-00
28,75 0.95866R3E-D1
28,78 ~0.1371677E-00
2B.75% La9770489F~01
2940 -Ne1579179E-00
29a0 . 045219128F=01
29.0 -041600823E~00
29.0 0.5259272E-01
29,7= —Ne1KRK1NGF-00
29,285 N,.3A287102E=02
?9,7! —0.1AB7R?]F-00
729.7% N,2219701E-07
29,5 -0, 1602679E=00
29.5 -N0e846615T71E-01
29,5 =0a1620528E=00
29.5 -0.4898883E-01
29,78 =041392475E-00
29,75 ~0.9294305€~-01
29,18 =0 1400520500
29,75 -1149631010€-01
30,0 010420875 00
N0 ~0.1217821E-00
30,0 (el 042 TLE=LD
30,0 -Ne1351538E~-00
a0, 0e 35958275601
30425 -041576191E-00
20,25 0 5810502501
30425 ~0+1615179E-00
30,5 =0,7902330F =02
30.5 -Ne16897465-00
30,5 05398718002
30.5 -0e1724312E-00
e Voo 7 0 AH5410255=0]
30,75 -041636842E-~00
30,28 0 4B62221Ea0]
30,78 -0e1663289€~00
31,0 0.9498545E=01
31,0 ~0+1417000E-00
310 D.985258328E =01
31.0 -041433173E~00
11,28 ‘Na1355402E-00
21425 -041047246E~00
31,28 Dal3BYLELF-00
31.25 -0.1052819€-~00
215 0. 16324640500
31.% ~045616440F-01
1.5 0. |LR?1(\I\= 00
31.5 -045580863E-01
21,715 0.12228026-00
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Sample input (contd)

31.75 -048833818E-03
a1 .18 00174409 2E-00
31,78 0.9262526E~04
‘32,0 (0el636257E=-00
32.0 0e5523715€-01
12,0 D418646817E-00
32,0 0.5665502E-01
32,25 Na1368752€-00
1), 0¢e N INRQADNFNO
e 0.1367015E-00
32,258 041069733E-00
—32.5 . . 0,03744898-0]
32.5 0.1451170F-00
32,5 0.931510QF =01
32.° 0.1457210FE-00
3 - 964696F-01
12.7% De16792B4E-00
32,75 Qa3866340E-21 .
32,7% N41678776FE-G0
EEP ~0.1962122F=01
23,0 0.1711049F =00
27,0 =N¢2061238F-N)
33,0 Ne1203885E <00
33,248 ~0e7702680E-01
33,25 02153A585E-00
33,24 —0e7767754F~01
33,25 01526375E=00
33,45 -041254276F-00
33,5 0,1171218F-00
33,5 =N 1254966E-00
13,5 0,1152167F-G0
13,7« ~(4 188484 1F =00
33,78 0,6551578F -1
13,75 —0a1879002€-,0
33,78 Na646333927F=01_
4,0 —041715376F-"0
34,0 (a6985096F~y2
34,0 -0e1704261E-00
_34,0Q 0ats437355F~u2
34,725 ~0416233306-00
_4,258 —Ua5688307F-0] .
34,28 ~041610067E-00
Al 28 =D SALERIZF -0
34,8 —('e1214AB83F-00
_34.5 =0.1119931F=00
34,5 ~(141303683F =00
_34,* ~0a1106509F=C0 _
34,%4 ~e8248075E-G1
4,75 ~0a1528137F-yQ
4,75 -Nef8210692F-01
_34,78 ~(143501924F 00
35,0 ~042152741F-01
35.0 -0a1234512E-00
35.0 ~042233076F-01
5.0 =0al700228F =00
35,28 N441333330F~01
35,25 ~0.1705668F =00
35,25 0ea1N4RE8E~01
15,25 —0.1667928F-00C
35.5 ©e10318UNE-N0
3845 =0a1439871F =00
5.5 ° 149932054E-01
39,5 =0.1406428F~-00
35,75 Ue1694654E-00
_35.75 ~U29689557F=-01
35.75 0¢1442032E-00
a5,7¢ =094 148K 2F 01
28,N NJ1TR2TTL4F =00
16,0 -0.3553988F=01
36,0 0.1690266FE-00
36,0 -0a3410424F=01
36,25 0.1764371E-00
36,26 043153647F~01
26.2% 041697942F-00
_38,28 0.3140433F-01
36.5 041522499E~00
_36.5 0.9465610F-01
36.5 0+1458911€-00
36,5 0.929586Q9F =01
26.75 0,1057707E-00
36,7% 041464120€-00
—36.18 Uel002284E =00
36,75 041414328E-00
—ddell DAL3AS08QIE=01
37.0 041731093E-00
-az7.4Q 043943152E8-01
37.0 001693899€-00
—37,.28 ~0e2543822E=01]
37,28 0.1760228E~00
—dd el 0270842 EmO)
17,28 04172256%E-00
—a1.8 0. 0044 228E =0
37,5 041522542E-00
P W DALY =0,9178354F-01
37.% 0e¢1491570€E-00
AZ1.18 =0,1420848E=00
37,78 Te1050254E-00
37,28 . =0431421898F-00
37.7% 041031913E-00
38,0 =0al71404L8E-00
38,0 044132622E-01
T L3211 80 7Eel0
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. Sample input (contd)
A8 N QAL,41RQR2IF-0]
2/, 28 =i, 1 2ATRAREC
. 2R, P8 —147290GA408F-01
3g,28 —Le1Z40192E=00
38425 ~e2767798E-01
38,5 el BLUTLEE =L

3845 9505928E-C1
3845 ~1aQ24(563FE-D
38,178 -114a9920U012E=0]
38,75 —Nel&60297E~00
AR, 18 =04 3022147E200
B, 78 ~0.1427543F=00
29,0 =0, 236 RALHIE=O]
39,0 ~041735679E~00
29,0 ~043842786E=01
391 -0e1706928E-00
39,25 043751280F=01
29,728 =e17729540E~-00
39,25 043119683E-01
39.25 ~Lel709085E-00
39,5 041026998E=00
39,5 -Ce144USTTE~00
29,8 0.054R218C-0]
29,6 —a142£043F=N0
39,75 Ne150Q72RE=0Q
29,78 ~Ne0148Q1NE-C]
29,758 Cel&dT440E=00
33,75 -0«9312519E~01
PRI (iel341340E=00
40,0 -042393890E-01
v} .. _ualA7R582f-0C
4040 «2745849E-C1
40,25 o . 0.16B81215E=I0
40478 Cet721412E-01
40,25 0.1636608E=00
40, 7% Ngta?237V176F =01
4045 0«1338630E-00
40 o5 (QINQRISLE DD
405 “e1317579E-00
40,5 Gal045713F=00
40,75 0.772U139E-01
40,75 0,1530465E=00
40,75 0e7753271£-01
40,75 0.1485123F=00
41.0 0.7971362E-02
41.0 0.16Q3687E=00
41,0 0.1030191F=01
AN N 166188500
41,25 ~-0.6167NB3E-01
41,28 0415591 KRF=0D
41425 -(+5824611E-01
41,25 0.1397A50F=00
41.5 -041193914E-060
41,5 0e1151309E~00
41.5 -N0«1160906€-00
43,5 0a1179141F=00
41,75 -0.1549093E-00
41,75 NaS5437RRKF-01
41,7% -0.1530298F~0N0
41,75 0,5986564E=01
42.0 © =041619093E-00
42,0 —0+1529564E-01
42.0 -041625592E-00
42,0 —04791AR%TIE-02
4242% -Ne1392656E-00
42,25 —0.B115646F-01
42428 -0.1431163E-00
42,25 -0a7314236FE=01
4245 -0.9132315£-01
L2..5 =0a1311184F-00
42,5 ~NeQR42RNOF-0L
L2.8 =0,12394131F=00
42,75 ~042715474E~01
42,15 ~0a1560063E=-00
42,75 -043693490E-01
42,75 =041510734F=-00
43,0 0.4109607€-01
43,0 ~041513490F-00
43,0 0e2982844E-01
43,0 =041496924E-00Q
43,25 041004930E-00
43425 ~041182539E=00
43,25 0eB928414E-01
43,25 -0.1203089F-00
4345 C«1397807E-00
43,% -046326388£=-01
43.% 041302455E-00
43,5 . =0.6874A820F~0}
43,7% 0.1515764E-00
43,75 0.2863800F=02
43,75 01450695E-00
43,18 =0 5078762E=02
44,0 0.1338385E-00
A (aA221JAME=(L_
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Sample input (contd)

4445 1o 632694E -0
koS — - 043425019E-01
44,5 0.1373841F-0C
L4oT5 et =1 ABB2326E011]
66,7R 041402743E-00
Lb, TR - =0,29178R38F=-Q1
44478 T N.1378995€-00
45,0 .. . -=049256592E~01
45,0 N1410947P3€-00
AwSeldo . =0.8600702E=0]
45,0 N.11080GQ2E-00
45425 - . =041299628E=00
45425 0eb5711372E-01
45425 . . m=041248791E=-0Q0
45425 0e6186275E-U1
SBeS . =01403858E=00
L&, € =N BRITAINF-N)
[A- S e —. =041380094E=00
45,5 041219698E=-02
454758 . .. __..=041220A08E-00
45,78 —0eh636554F=01
P - — ~e=0412323626=00
45,78 -045860782€~01
46410 -Ue7914517E=01
4he ) ~e112V0355E-00
Y-SV =04 B364134E~01
4k N ~Ne1052206F=-00
A28 i —am042082064F8=01.
4k, 28 ~041336217F=00
bAG2R .. e =0,2274Q18F=01
46,26 —0e1293R822E~00
Y PR e 04038543801
4645 -041269258E-00
4b o5 0.2256811E-01]
4645 ~{41260155E-00
Y Wy 1S — e — 0eS91TUSQE=u]
46475 ~0e9374202E~01
46,79 — 0.8467386F-01
46475 “0.9621655E-01
7.0 0,1223724€-00
47,0 ~N 61662 4RF=01

— . ~..Da11764T9E-00Q
47,0 -0e4655569F-01
47,28 0a1261491FE-00
47,25 041856443E-01
47.2% 0.1247070F=00
47428 0.1221170F-01
47,8 . __041026116F-00
47,5 047333583F-01
47.5 - 0al046391E=00
47,5 Ue6746133E-01
47,75 Oa8722449F =01
47,78 0.1111931F=-00
47,75 0.6206724E~01
47,78 _ 0,107320CE=00
48,0 041332878E-073
48,0 0a1242097FE-G0
48.0 Veb44T7241F=02
48,0 0.1234224F=00
48,25 -0.5606871E-01
48,25 021099647E-00
48,25 -0+4999184E-01
48,25 041125416E-00
4R, -0.9912049F-01
48,5 0,7204087E-01
48,5 -0e94972845€-01
48,5 0+7738489E-01
48,75 -0.1198019€-00
48,75 041920041E-91
48,75 -0.1186597E-00
48,75 00000 042596669E-01
49,0 ~0+1139654E-00
49,0 -0+3659339€=0]
49,0 ~041162415€E-00
49,0 =043017784E=01
49,2% ~0eB8342965F-01
49,25 ~0482872&81F-01
49,25 —0,AR57223F-01
49,5 =043552609E~01
49,8 =041094722E-00
49,5 -044216822€-01
49,78 0+1860161E-01
49.75 041232713E-01
L9.78 =0.1138188F =00
50,0 046656540€-01
50,0 046257151€~01
80,0 =0.9352448F-01
50,25 049757589E-01
50,25 0olod0261E=01
50428 049733724E-01
60,28 ~04.5276709F=01
5045 0.1049066E-00
50,8 0.7380808F=02
50,5 011090668E—00
50,7 0e8740468F-01
50,78 . 0.5586376E=01
50,78 0.9557768E~01




Sample input {contd)

50,76 . 0.493943%%F-01
5140 0e4969382E-01
51.0 0.9000533E-01
51.0 Ne6051622E-01
n -
5142% Ne1028282E~02
51425 021022139F=00
51.2% Ne1245627E-01
51,28 01040097600
51e5 ~046955498~01
515 Ne0018149E-0N1
81,5 0311544 0E=0]
5145 i 049630482E-01
51 15 LofB290061Ea0]
51,75 0.56735691E-01
51,6 m0,7671069E=01-
51475 0e6652383E-01
Sa2 .0 . a0, 0R876I3E-01
52 N.1704676€-01
5.0 a0, 0718JA0Ra0])
52,0 0.272202584F-01
52 25 A 012 I0ACE -0
5242% ~Ge3463994E~01
82,28 = (0.0424636Ea0].
52428 ~0e2583645E-01
5245 L} o283l ALEaD]
524% ~0a.7149842E-01
52.5 —(1.6920234F~-01
5245 ~0e66107B0E~01
52,78 . . =(0.2095856E=0]
52475 -0.B89933056-01
52,15 LEE TP LT L1
52,78 —N,R073R82AF-01
53,0 De24003B0E=0]
53,0 —~0,R599946F-01
53,0 0.173)1506EaD]
53.0 -049013887E-01
53,25 Debl9308LEaG]
53425 -0.6128734E~0]
53,25 (e572920QE=0]1
53425 -Ne6927749E-01
83,5 0,8101778E=0]
53.5 ~0.72243552E-01
53,5 LD RANELEOAE=D]
53,5 -0.3736557€E-01
53,2 0,7Q80R827F=0]
53,75 042059330E=01
53,15 N.8576205E=01)
53475 0.1107748E-01
sS40 0. 6822205801
54,0 0e5703796E-01
S4.0 N 6825682E=01
5440 0+5014965E~01
54,25 042222178601
S4e2= N.7803180E-01
LY 9 1Y (34858 24E0]
S54,7F 0e7529613E-01
LY 3 001817232 E=D)
54,5 0.7878311E-01
54,5 0. 6400262E=02
54,5 0.B066B16E-01
ShL 18 OS5l 2I’1A'E OJ
54,75 0e5970112E-01
54,75 ~00tal012F=01
54,75 0e6552269E-01
§5,0 =0.75583B88E=01
5540 0e2619128E-01
55,0 =0.6906673F =01
5540 _. 0e3431530£-01
59425 ~0e7760925E-01
55,28 N 1281421Em0]
55425 -U0e75331560E-01
55,28 —0a65279REE=02
5545 —0+6043856E-01
55,5 —0akZ21215E=01
5545 -0N6178283E-01
55.5 =0 40B833SIE~0]
55,78 ~0.72903521E-01
A5 .15 =0 6822121E=01
65,7 ~N.2751133E-01
65,78 ~Da£532242F=01
5640 0.81022644E-02
5640 ~0a7110632F=01
5640 0+4485238E-02
LY —0.719RAKARE=01
56425 0e4120901E-01
56425 ~0.5539013F=01
56425 043937176E-01
56425 =N.S9SREIAF=D1
S56et 0.6181612E-01
LS =0, 2580121€=01
5645 046308B746E~01
LY. ~0,31ARS4IE-D1
56,75 0.6692864E~01
56,75 0.952654RF =02
56475 0+6970154E-01
57.0 045025994E~01
57,0 0aa117596F=01
57.0 0e5791865E-01
S7.0 0.3680240F =01
57.25 04272220523E-01
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Sample input (contd)

82,38 __0.A0Q3108F-0]
57,27 Ue3134044F=C1
87,28 0,5943650F=0]
57.5 =N 11420 AF=N]
575 0.6392830E-0]
5745 -0.2573028E-02
57.5 0.65%54155FE=01
57.75 ~0.4152608E-01
57,75 0.4986994F=01
57.75 ~03455373E~01
57,75 0.538R304F=01
5840 =N.6019425E-01
5840 0.2300194F =01
58.0 -0.5603397E-01

_88.0 .. 042793508F=01
658425 -0.6276512E-01
. =029120650F=02
58.24 —0.6143247E-01
5A,26 00436k IEQE=02
58,5 =044901414E~01
58,5 - — =043773268F-01
5845 ~044961071E-01
5845 =0 43574009E=0]
58,75 ~Ne?3211118E-01
58,16 QeS8 24 817 201
88,78 —04241104RE-01
58,75 ~0e5616417E-01
- 047605294E-02
59,0 —045726181E~01
29,0 O 7RZRIGRE=-02
59.0 -0.6081913E-01
99,285 Qa3468951E=01_
59.25 =044370567E-01
59,26 0e3752718E=Q]) -
%9.25 -N.4880181E-01
50 6 N E0Q10237k 0]
59,8 =N.1R72964F=01
53,5 DeS5480250Emil]
59.5 =042369R44E-01
59,78 0.5219423E=01
59475 0.1051036E-01
59,786 . Do 606463 2E=0]
59,78 (14 7369867E-02
SO0 . .0.3B66553E=01_
60,0 043588715€-01
60,0 e 0e4831818E=0]
60,0 043577340€-01




Sample output

PROGRAM TO FIND 2KC SUCH THAT PST(THETA]=PHI{THETA)+2KCICOS(THETA1) = CONSTANT

“GEOMETRICAL OPTICS PREDICTS 2KC = 145.54870796 USING S AND T. CORRESPONDING AVERAGE VALUE OF PST = 149.03105927
GEOMETRICAL OPTICS PRECICTS 2KC = 145.54870796 USING U AND V. CORRESPONDING AVERAGE VALUE OF PSI = 149.00415993
THIS PROGRAM FINDS VALUE OF 2KC = 145.88204956 USING S AND T. CORRESPONCING AVERAGE VALUE OF PSI = 149.30662727
THIS PROGRAM FINDS VALUE OF 2KC = 145.69289398 USING U AND V. CORRESPONDING AVERAGE VALUE OF PSI = 149.12335205

USING S AND T USING U AND V
THETA PST(THETA) PSI(THETA) PSI{THETA) PSI{THETA)
TN DEGREES PREDICTED CALCULATED PREQICTED CALCULATED
0. 0.14866700E 03 0.14900034E 03 0.14866700€ 03 0.1488L118E 03
0.25000 0.14866880€ 03 0.14900213E 03 0.14866866E 03 0.14881285E 03
0.5C000 0.14867415€ 03 0.14900748€ 03 0.14867362E 03 0.14881780E 03
0.75000 0.14868296E 03 0.14901628E 03 0.14868180E 03 0.1488259 7€ 03
1.000C0 0.14869509E 03 0.14902838E 03 0.14869304E 03 0.14883721E 03
1.25000 0.14871030E 03 0.14904356E 03 0.14870717E 03 0.14885132E 03
1.50000 0.14872833E 03 0.14906155€ 03 0.14872394E 03 0.14886807€ 03
1.75000 0.14874884E 03 0.14908203E 03 0.14874304E 03 0.14B8BT16E 03
2.00000 0.14B77147TE 03 0.14910461E 03 0.14876416E 03 0.14890826E 03
2.25000 0.14879582€ 03 0.14912890E 03 0.14878692E 03 0.14893100E 03
2.50000 0.14BB2144E 03 0.14915446€ 03 0.14881092€ 03 0.14895497E 03
2.75000 0.14884791E 03 0.14918087€ 03 0.14883576€ 03 0.14897978E 03
3.0C000 0.148B74TTE 03 0.14920765E 03 0.14886104E 03 0.14900502€ 03
3.25000 0.14890162E 03 0.14923442E 03 0.14888633E 03 0.14903028E 03
3.50000 0.14892805€ 03 0.14926077E 03 0.14891128E 03 0.14905521E 03
3.75000 0.14895373E 03 0.14928636E 03 0.14893555E 03 0.14907943E 03
4.000C0 0.14897833€ 03 0.14931086E 03 0.14895881E 03 0.14910264E 03
4.25000 0.14900160E 03 0.14933402E 03 0.14898082E 03 0.14912461E 03
4.5C000 0.14902332E 03 0.14935563€ 03 0.14900135E 03 0.14914510€ 03
4.75000 0.14904332E 03 0.14937551€ 03 0.14902024E 03 0.14916393E 03
5.00000 0.14906149€ 03 0.14939356E 03 0.14903735E 03 0.14918099€ 03
5.25000 0.14907773E 03 0.14940967E 03 0.14905259E 03 0.14919617E 03
5.50000 0.14909200€ 03 0.14942381E 03 0.14906591E 03 0.14920943E 03
5.75000 0.1491042TE 03 0.14943593E 03 0.1490T7728E 03 0.14922074E 03
6.00600 0.14911453€ 037 0.14944604€ 03 T0.1459086TIE 03 T0.14923010E 03 T
6.25000 0.14912280E 03 0.14945416€ 03 0.14909420E 03 0.14923754€ 03
6.5C000 0.14912912€ 03 0.14946032E 03 0.14909982E 03 0.14924308E 03
6.75000 0.14913352E 03 0.14946455€ 03 0.14910360E 03 0.14924679E 03
7.00000 0.1%913605E 03 0.14946691E 03 0.14910562E 03 0.14924874E 03
7.25000 0.14913678€ 03 0.14946746E 03 0.14910597€ 03 0.14924900E 03
7.50000 C.14913577E 02 0.14946626E 03 0.164910472E 03 0.14924768E 03
7.75000 0.14913309€ 03 0.14946339E 03 0.14910199€ 03 0.14924486E 03
8.0C000 0.14912882E 03 0.14945892E 03 0.14909787€ 03 0.14924066€ 03
8.25000 0.14912306E 03 0.14945295€ 03 0.14909250€ 03 0.14923519€ 03
8.50000 0.14911591€ 03 0.14944556E 03 0.14908599€ 03 0.14922860E 03
8.75000 0.14910746E 03 0.14943691E€ 03 0.14907850€ 03 0.14922100E 03
9.00000 0.14909784E 03 0.14942708E 03 0.14907016E 03 0.14921257€ 03
9.25000 0.14908719€ 03 0.14941619€ 03 0.14906114E 03 0.14920344E 03
9.50000 0.14907566E 03 0.14940443€ 03 0.14905160E 03 0.14919381E 03
9.75000 0.14906341E 03 0.14939193€ 03 0.14904173€ 03 0.149183063E 03
10.00000 0.14905062€ 03 0.14937890€ 03 0.14903170€ 03 0.14917369€ 03
10.25000 0.14903T49E 03 0.14936551E 03 0.1¢902171E 03 0.14916360€ 03
10.50000 0.14901195€ 03 0.14915372€ 03

0.14902622E 03 0.14935198E 03
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L. 75000
11.CC w3
11.25¢L0
11.5¢:90C
11.731:.0
12.0¢7¢CC
12.25100
12.5C0C
12475306
13.C00"00
13.25000
13.5C0C
13,7500
14.0C)H00
14425900
14.5CH00

las 75000

1».0C00C
19.25.00
15.5C960
1».75000
16.0C09
le.2%5L0
16.5CuG0
Lo 75000
LE.0Cs00
17.25000
Li.sCund
Lisis (G
lo.Cluul
lbo2s €
LeaSLnee
le.7500C
19.0C. 6
L9.250.0
1209060
19, 750060
2100 00U
200,29 ¢
2UeHCL LU
PSRN AT
21.GC01U
21.250100
2150 vu
V3 SN A NIV
27000
2o st
20450 L
27.151 wu
2500 0y
23425000

0.14901102¢
Ge14399313F
DelaBlusTak
0.143974 0L
0.14876336L
0.14895380E
0.14894549E
0.14813359¢t
0.148933¢L 7t
Je 48923929t
0.148492694L
0.14892600E
0.1489265)¢t
C.14872d39¢E
0.14893128¢
C.14893510€E
0.14893965¢
0.14894472¢
0.14835012¢
0.148135567k
0.14896119€
0.14836657E
0.14871169¢€
Q.14897659¢
0. 14898094t
0.148733501¢E
0.14848873E
0.14899215¢
0.14899532¢
G.14899835¢
U.1490013)8
0.14900425¢E
0.149507317¢
0.14901065E
Ce.l49uialvE
0.1496130%¢k
0.14902223E
V149626 T4
Je169531 55k
L1490 30580
U.l4904l 74t
C.1490409¢t
Cela90n]ly9e
01491568 3¢
Dalevunl 2 it
0.14%0652 1
CL.l4a90 0 60y
Jelaiullam
Ualayrlsost
C.la9uiolon

Uel69076 1Lt

Sample output (contd)

0.149534%51E
0e14932934€
U.14731208E
0.14930075E
0.14728974¢
0.149.798KE
0.14921124€
0.14326402E
0e149¢9329E
0.14925408F
0.14925140E
Q.149:5020E
0.14925034E
0.14925183E
0.149,5437¢
0.1492578 3t
0.14926201E
0.14926670€
O.14%27173¢k
0.14927688E
0. 14924202
0.14928700E
Da14929172E
V. 14929611€E
0.14930014E
U.14920378E
U.14930708E
0.14931000¢E
0.143>51280E
0.14931534E
0.14931/84E
0.149,2033¢t
0.14952302¢
0.14932583E
Q.14932089¢
0.14933221¢E
0.149133%9 /¢
04149 13998E
0.16934429E
J.1493448 0L
0.14955346E
0. 1493981 2E
0.14936260E
G l493E69TE
0414931090E
Gala937434L
0.149577¢0k
00149 :7)44F
01493010 3€
0. 14925200t

0.14935n239E

03

03

C.14900258€
0+14899381E
N.14898578E
0.164897863E
U 14897247
C.14896739€
0.14896344E
0.14896061E
0.14895887E
0.14895817E
0.14895638E
0.14695941E
0.14896108E
Oe14826326E
C.1l48796578E
0. 14896650€
G.14897131E
0.14897408E
C.1489T676E
0.14897927E
0.14898160E
0.14898375¢
(.14898574€
0.14898760E
0.14898938E
C. 14899114
0.14899:92E
0.l4899478E
0.14899676E
. 148998B6E
0.14900112E
0.14900351E
(.149006C1E
0.14900857E
0-14901114E
Gel49Ui366E
0.14901605E
0.14901827E
0.16902027€
G-14902201€
041490 2352€
¢.14902480F
€. 14902592
Cale902098E
e le9u2H0CYE
0.14902938¢
041690 3U9YE
Dele9G3I305E
51490 3568E
UL 16903892E

TelaPU4cbUE

0.14914424¢E
0.14913>35E
0.14912719¢
0.14911992E
0.14911364E
0.14910842E
0.14910434E
0.14910137€
0.14909951E
0.14909866E
0.14909873E
0.14909961E
0.14910113€
0.14910316&
0.149105%3¢
0.14910810E
0.14911074E
0.14911336E
0.14911587€
0.14911821E
0.14912038E
0.14912235E
0.14912416E
0.14912584E
0.14912745E
0.14912903E
0.14913062E
0.14913230¢
0.14913408E
0.14913599E
0.14913806E
0.14914025€
0.14914254E
0.14914490E
0.14914726E
0.14914957¢
0.14915176¢
0.14915376¢
0.14915554E
0.14915707¢
0.14915835E
0.14915941E
0.14916030E
0.14916113€
0.14916201€
0.14916307€
Cal4916444E
U.14916626E
0.14916865E
0.14917165€

014917527

03

03




23.5Cu0e
23.75°0uC
24,0000
24425000
245070
24.750.0
290 1L
232500
25.5CLCC
2h.7300LC
2u.Cuatl
26.2% Ou
20.50 00
26.75.40C
27.00 L)
21.25% Lo
2T.50. 00
27475200
2HaCLa0u
28,250 00
28.5C. LU
28.75700
29.00L0 U
29.2%.8C
29.5CuC
29,500
3L.0Cuul
3G.¢5.CC
E IV TORE ]
375 LG
31.CEu00
31.¢45006
3l.5¢.C0
31.75000
32.CCu0G0
32.25.00
32.5C 40
324750060
35.0CHL8
33.250.0
33.5Cu0
33.7500¢
34,CL09D
34.2500U
34.49CHC0
34.7800L0
35.0Cuu
35.25000
315.5CuLC
4,.751L0

3n.0LCC0

0.14957661t
01630016720
0.145307065%61
D.149u7622t
0.149075Tcc
0.143015217C
014957467t
0.14907391E
C.149,7286%
0.149¢71 35L
0.149.,6919L0
Cal490ts1Tt
Cel%90c213L
U.14795693E
U.149u3352C0
0.16934290"
0.1449034 14k
VelaIL 654
U.l49,1421t
0.149u0364E
0.14833263E
O.14898197E
0.14897172E
0.14896209E
O.14895318E
0. 14894502€
C.14893756E
0.14893060¢
Qal4b832424¢
0.14891506¢t
0.143341207E
0.14890522E
0.14890054E
0.14884524¢
0.14889061¢
0.14828690L
0.14B8B452F

0.148%3383:%

0.148388859E

0. 148594 14F
G.14B3uUl6bE
0.148%1063¢
U.14842045E
C.14893042t
V. lab33485¢
Ua 148944816
Cel4l9H505¢E
Uel4BICD3TL
Ca.l4840431c

0.1489CT26E

93

03

03

c3

03

05

03

03

0>

03

Q3

u3

03

013

03

03

03

[¢]

03

U3

03

us

03

03

03

03

Sample output {contd)

U.149 36231
0,149 46183E
0.14958106¢
0.14958015F
Ua1493/7911E
0.14937799¢€
G.14947678¢E
Ua 24937540
0.14937374¢&
01497159
0.14936879¢E
0.14936514E
0.14936045¢€
0. 169354061 ¢
0.14934753¢E
0.149334924E
0.1473.986E
0.1693i95%4t
U 14930853E
0.14929711¢
0. 149¢8558E
0.14927422E
Ua.149763217€
0414929293E
0.149:4330¢
0.14923443E
Ca14922624F
0.149¢1863E
0.14921144¢
0.14920454E
0.14919180E
0.1491712vE
0.1491847YE
0.149L7874E
0.14917330¢€
0.143168682F
0.14916566E
0.14916414E
0.149164T70F
U.l4916735%t
0.14917214E
U.14917883F
0. 1421 869HE
Uel6319598E
0.1492uSL3E
0.164321 374t
D.14972123¢
0.14922727F
0.149¢4175¢
0.1492 34h4t

0e14923694E

us
03
03
03
03
03
03
03
03

03

(3}
03
03
03
03
03

03

03
03

03

03

03
03
Q3

03

03

03

03
013
o3
03
03

03

03
03
03
03
03
03
03

03
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0. 16904723F
U.14905208¢
G.14905712¢E
£.14906204E
C+14906649E
G.14907011E
0.14937245E
Ca16907351€
C.14907278E
0.1490TC26E
Ue14906595E
0.14936000E
'b.lh9052625
0.14904415E
0.14903496¢€
0e14902544€
U«149CG1599E
0.14900694E
C.14899858¢E
0.14899107E
0. 14898445E
G« 14B897866F
0.14B97349E
0.14896867E
0.14896386E
0.14895876E
0.14R95312E
0.14B94076E
Cal4893965E
G.148933193E
C.14872380€
0.14B31564E
0.14890787E
G 14890094E
U.14889531L
0.148R9133€
L.14888930E
0.14858932¢€
Ce14889135E
C.148E9%18¢
0.14890046E
C.14890677E
UeleB891365E
C.14892072€
U.16892772¢
U le893449E
C.14834106¢E
Uel6H94755¢E
Uelsd95413E
Lalat96ur9E

C.148664621E

03
Gl
03
03
03
03

c3

03
G3
o3
03
63
o3
03
03
03

03

03
c3
03
03
03
03

3

G3
03
03
03
03
03
o3
03
03

C3

03
03
03
03
03
03

03

0.14917947¢
0.14918406E
0.14918884E
G.14919350F
0.14919769t
0.14920106E
U.14920323¢
0.14920392E
0.14920292E
0.14920012E
0.14919594€
0.14918931¢
0.14918166E
0.14917291E
0.14916343¢
0.14915362E
0.14914388E
0.14913455E
0.14912589E
0.14911808E
0.14911117¢
0.14910507€
0.14909960¢
0.14909447€
0.14908936E
0.14908395¢
0.14907799E
0.14907131¢€
0.14506389¢
0.14905584E
0.1490474CE
0.14903890E
0.14903080¢
0.14902356E
0.14901759E
0.14901327¢
0.14901090€
0.14901058E
0.14901228E
0.14901576E
0.14902070E
0.14902665E
0.14903319E
0.14903991&
0.149040655%¢E
0.14905296¢
0.14905917¢E
0.14906530E
0.14907152¢
0.14907800t

0.14908487E

03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03

03
03
63
03
03
03
03
03
03
03
03

03
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Sample output (contd)

36.25000 0.14896977€ 03 0.14923859E 03 0.14897579€ 03 0.14909206€ 03
36.50000 0.14897250€ 03 0.14924045E 03 0.14898355€ 03 0.14909945E 03
36.75000 0.14897603E 03 0.14924312€ 03 0.14899121F 03 0.14910674E 03
37.00000 0.14898087E 03 0.14924709E 03 T 0.14899838E 03 0.14911354E 03
3r.2s000 0.14898732E 03  0.14925265€ 03 T70.14900468E 03 0.14911944E 03
37.50000 0.14899536€ 03 0.14925982€ 03 0.14900976E 03 0.14912415€ 03
T37.75000 0.14900473E 03 ~ 0.14926830F 03 - 0.14901348E 03 0.14912749E 03
738.00000 . "~ 0.14901488E 03 " T0.14927756€ 03 ) 0.14901586E 03 0.14912947€ 03
38.25000 0.14902510€ 03 0.14928687€ 03 0.14901712E 03 0.14913035E 03
738.50000 " 0.14903461E 03 T 0.14929549€ 03 B 0.14901769E 03 0.14913053€ 03
38.75000 0.14904279€ 03 0.14930276E 03 0.14901810€ 03 0.14913055€ 03
39.00000 ' 0.14904922E 03 0.14930826€ 03 0.14901894E 03 0.14913100€ 03
'39.25000 0.14905375€ 03 77 0.14931189E 03 " 0.14902072E 03 0.14913237€ 03
39.50000 0.14905662€ 03 0.14931384€ 03 0.14902377E 03 0.14913503€ 03
39.75000 0.14905825E 03 0.14931454€ 03 : " 0.14902819€ 03 0.14913905€ 03
"40.00000 ) 1 0.14905928E 03 0.14931463E 03 0.14903375E 03 0.14914420€ 03
40.25000 7 T0.14906040€ 03 0.14931481€ 03 0.14903995€ 03 0.14915000€ 03
40.50000 0.14906225E 03 0.14931573€ 03 T 70014904609 03 0.14915573E 03
40.75000 0.14906533€ 03 0.14931786E 03 " 0.14905138E 03 0.14916061€ 03
41.00000 1 0.14906989E€ 03 0.14932147€ 03 0.14905517€ 03 0.14916398F 03
41.25000 0.14907588€ 03 0.14932650€ 03 0.14905T07E 03 " 0.14916547€ 03
41.5C000 0.14908301E 03 0.14933267€ 03 0.14905705E 03 0.14916503E 03
41.75000 0.14909080E 03 0.14933949€ 03 0.14905550E 03 0.14916307€ 03
42.00000 0.14909867€ 03 "70.14934639€ 03 " TT0.14905314E 03 T70.14916030E 03
42.25000 0.14910614€ 03 0.14935289E 03 0.14905097€ 03 0.14915770€ 03
42.50000 0.14911290E 03 0.14935866EF 03 0.14905006€ 03 0.14915636E 03
T42.75000 7T 0.14911886€ 03 77 0.14936384F 03 0.14905142€ 03 0.14915730E 03
43.0C000 0.14912423E 03 0.14936803E 03 0.14905579€ 03 0.14916123€ 03
43.25000 0.14912934E 03 0.14937214E 03 0.14906340E 03 0.14916842E 03
T43.50000 6.1%913460¢ 03 TT0.14937640E 03 0.14907394E 03 0.14917853€ 03
"43.75000 0.14914034E 03 0.14938113€ 03 0.14908645E 03 0.14919060€ 03
“44.0C000 0.14914671€ 03 0.14938650€ 03 0.14909954E 03 0.14920326E 03
44.25000 0.14915362E 03~ 0.14939740€ 03 0.14911165€ 03 0.14921493E 03
"44.50000 B 0.14916073E 03 0.14939848E 03 0.14912146E 03 0.14922430E 03
"44.75000 0.14916752€ 03 0.14940426€ 03 0.164912816€ 03 0.14923056€ 03
45.0C000 0.14917350€ 03~ 0.14940920E 03" 0.14913163E 03 0.14923358E 03
45.25000 0.14917827€ 03 0.14941295E 03 0.14913239€ 03 0.14923389E 03
45.50000 0.149Y8178E 03 0.14941543E 03 0.14913150€ 03 0.14923257€ 03
45.75000 0.14918427€ 03~ ~ 0.14941687€ 03 0.14913031E 03 0.14923092€ 03
746.00000 0.14918630€ 03 0.14941785E 03 0.14913015E 03 0.14923032€ 03
46.25000 T 0.14918859E 03 0.14941910€ 03 0.164913210€ 03 0.14923181E 03
46.50000 T0.14919186€ 03 " 70 0.14913672€ 03 0.14923598€ 03
"46.75000 0.14919661€ 03 0.14942501E 03 0.14914387€ 03 0.14924266E 03
"47.00000 0.14920286€ 03 0.14943020€ 03 0.14915266E 03 0.14925099€ 03
TaT.2%00 T 0.14921010¢ 03 0.14943638E 03 CUTTTTTTOL1491616TE 03T T0.16925955€ 03
47.5€000 0.14921729¢ 03 0.14944249E 03 0.14916928€ 03 0414926670E 03
47.75000 0.14922312€ 03 0.14944725€ 03 0.14917407E 03 0.14927102E 03
748000000 0 0414922631 03 T 0.14944936E 03 T T0l1%917519€E 03 0.14927167€ 03
48.25000 0.14922602€ 03 0.14944799€ 03 0.14917253€ 03 0.14926854€ 03
48.50000 0.14922209€ 03 0.14944297€ 03 0.14916664E 03 0.14926218€ 03
48.175000 0.14921510€ 03 0.14943489E 03 7 T T 0.14915858€ 03  0.14925364E 03

56




49.00000

Sample output (contd)

0.14920633E 03

0.14942501E 03

0.14914963E 03

0.14924423E 03

49.25000

0.14919747€ 03

0.14941506€ 03

0.14914105€ 03

0.14923517€ 03

49.50000

0.14319040€ 03

0.14940690E 03

0.14913378E 03

0.14922742€ 03

"49.75000

0.14918671€ 03

0.14940209€ 03

0.14912828E 03

0.14922144E 03

50.00000

0.14918729€ 03

0.14940156E 03

0.164912443E 03

0.14921711€ 03

50.25000

0.14919195€ 03

0.14940511¢ 03

0.14912160E 03

0.14921380E 03

0.14919928€ 03

D.14941131E 03

0.14911881E 03

0.14921053€ 03

'50.75000

0.14920682€ 03

0.14941773€ 03

0.14911512€ 03

0.14920634E 03

51.0C000
51025000

s1.50000

51.75000

52.00000

T TT0.14919385E 03

0.14921177€ 03

0.14921180E 03

0.14920573€ 03

0.14942045€ 03

0.14942155€ 03

0.14941324E

0.14917777€ 03

0.14940022€ 03

0.14938299€ 03

0.14910980€ 03

0.14920054k 03

0.14910264E 03

0.14919288€ 03

0.14909388E 03

0.14918364E 03

T 0.14908420E 03

0.14917346€ 03

0.14907441E 03

0.14916318E 03

JPL TECHNICAL REPORT NO. 32-979

52.2500 0.14916005E 03 0.14936412E 03 0.14906527€ 03 0.14915355E 03
sz.5ce00 T TT0.14914376€ 03 0.14934668E 03 0.14905725€ 03 0.14914501€ 03
52.7500C 0.14913186E 03 0.14933364E 03 0.14905036E 03 0.14913T64E 03
53.0C000 0.14912666€ 03 0.14932726€ 03 0.14904425€ 03 0.14913102E 03
‘s3.2s5000 0.14912892E 03 0.14932837€ 03 0.14903829¢ 03 0.14912456€ 03
53.5C000 0.14913740€ 03 0.14933568E 03 0.14903186€ 03 0.14911763E 03
53.75000 0.14914875€ 03 0.14934585€ 03 '0.14902467E 03 0.14910994E 03
S4.00000 T TT0.14915837€ 03 0.14935430€ 03 0.14901690¢ 03 0.14910165€ 03
54.25000 0.14916201€ 03 0.14935677E 03 0.14900919€ 03 0.14909343€ 03
54.50000 0.14915714€ 03 0.14935072E 03 7 T0.14900251E 03 0.14908624E 03
54.75060 T0.14914357€ 03 0.14933595€ 03 0.14899781E 03 0.14908104E 03
55.00000 0.14912320E 03 0.14931440€ 03 0.14899565E 03 0.14907835E€ 03
55.25000 0.14909941E 03 0.14928941€ 03 o 0.14899580E 03  0.14907798E 03
ss.scooc T T 0.14907630E 03 0.14926511€ 03 0.14899717€ 03~ ~0.149078B4E 03
55.75000 0.14905793E 03 T 0.14924554E 03 "0.14899798E 03 0.14907912€ 03
56.0C000 0.14904752€ 03 0.14923391€ 03 0.14899629€ 03  0.14907692€ 03
756.25000 TT0.14904642E 03 0.14923161€ 03 0.14899068E 03 0.1490TO768E 03
56.5C000 T 0.14905334E 03 0.14923732€ 03 0.14838080E 03 0.14906038E 03
56.75000 - T0.14906411€ 03 0.14924687E 03 0.14896747¢€ 03 0.14904653€ 03
"57.0C000 T 77T 0014907293 03 0.14925449€ 03 ) 0.14895261€ 03 0.14903114E 03
57.25000 0.14907451E€ 03 0.14925484E 03 0.14893874€ 03 0.14901674E 03
57.50000 0.14906589€ 03 0.149264499€ 03 0.14892834E 03 0.14900582€ 03
57.75000 o T0.14904711E 03 0.14922499€ 03 77 T T T0.14892314E 03 0.14900008E 03

160

59.5¢000
59.75000

760.0C000

"0.14902070E 03

0.14899071E 03

TT0CT4R9AITIE 03

0.14893800€ 03
" 0.14892261E 03
T0.14891639€ 03
0.14391727€ ¢3
0.14892060E 03

" 0.14892074E 03

0.14919735E 03

0.14916611€ 03

0.14913586E 03

0.14911092€ 03

0.14909430€ 03

0.14908682E 03
0.14908645€ 03
0.14908853E 03

0.14908741E 03

14892323 03

0.14899964E 03

0.14892672€ 03

0.14900259€ 03

0.14892993E 03

0.14900526€ 03

T0.1489285%€ 03

0.14900339E 03

0.14891938€ 03

0.14899365€ 03

-14890102€ 03

o

0.14897475E 03

0.14B8T454E 03

T0.14884282€ 03

0.14880990€ 03

0.14894772€ 03

T 0.14B91545E 03
0.14888199€ 03

57
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) ,
VIiI-'DATA CONVERSION -

A. Ludwig ’;.""

Program: 1620 only, source deck in Antenna and Prop-
agation Group Llibrary (revised February 18,

1966)

Programmer: A. Ludwig

A. Program Description

This program converts output from the Scattering Pro-
gram (VI) to format compatible with Programs III, IX,
and XIV. Field values are converted from real and imag-
inary values (in volts) to amplitude (in volts) and phase
angle (in degrees). The phase pattern as output from VI
uses the phase center of the feed horn as the center of a
spherical coordinate system; the phase center of the scat-
tered pattern will normally be at the focal point of the
paraboloid. The distance between the feed phase center
and the expected phase center of the scattered fields is
input to this program, and phase values are transformed
to this new coordinate system. Usually, the expected
phase center may be computed with geometrical optics;
otherwise, the phase center may be computed with the
Phase Center Program (VII). Since the scattered fields are
computed for the far-field region (i.e., infinitely far away
from the scattering surface), amplitude values are not
affected by the coordinate transformation.

B. Applications

See flow chart on page

C. Input Né&7-28729

The output from the Scattering Program for this appli-
cation is in the form of a data block for the E-plane and
a data block for the H-plane. Each data block is preceded
by a title card; these title cards, blank cards, and IBM
7094 job cards must be removed. Then control cards are
added as shown below:

Card Parameter Format
1 TITLE 20A4
2 TKC PSIMAX PSIBLK 3F10.0, I5
NMAX
3 PSI S T U V| F10.54E17.8
4
NMAX+2| PSI S T U V |Fl054E178
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TITLE = any alphanumeric statement, Col-
umns 1 through 72

TKC = distance between feed phase cen-
ter and expected phase center of
scattered fields, times the propa-
gation constants 2x/A

PSIMAX = maximum value of PSI output by
Scattering Program

PSIBLK = angle (in degrees) of blocked re-
gion at vertex of paraboloid illu-
minated by scattered fields; this is

62

punched on the output cards to be .
used by the Efficiency Program
(IX)

NMAX = number of data points output by’
Scattering Program

PSL,S,T,U,and V = data output from Scattering Pro-
gram

D. Output

The output of this program is identical to the input of
the Antenna Feed Efficiency Program.




E. Sample Case

AAS SUB, NDO FLANGE, S—BAND

Sample input

TVIT.I00 U L -2 e s s T e e e
- Q. -0. 0+24075336E~00 ~0.94946442E-02
0,50000 0. ~Oe 0.21951603E-00 -0.66851991E-02
I-uum Ue e VU TiB059%T=UY Ui IoTIOOT™UD
1.50000 0. 0. 0.15900845€-00 0.17251216E-01
2.00000 0. 0. 0.16616526E-00 0.53590001E-01
& Ve Ve U IDH 0050 T™Y Ve IUOLTIITOCUU
3.00000. . Q. 0. 0.126751556-00 0.14915850E-02
350000 . O« 0. 0.63877908E-V1  0.16510948E-00
s .- ~0s 35980932602 016666191600
4.50000 -0. 0. -0 «80104546E-01 0+15774243E-00
. -0.15791722E-00 0.10794757E-00
o< ~O 19T IIE—00 O TIF0INIE-0R
0. “0.1460B619E-00 —0.9715T6TIE-OL
0. ~0 518529 ME-I1 ~0.160 08T716-03
~0s 05656888 TIE-0 T O 163854 3E~0Y
~0a J3.16870304E-00 0 .B0694465E-01
8.00000 0. 0.1721264TE-00  0.69349104E-01
05 0. T% 7609200 €0 T 016934558600
9.00000 -0. 0. “0.106549606<00 0.13439518E~00
9.50000 -O. ~0. 017583204600 -0.68720208E-02
IV e e =09 IZT S T™UT - e 10010 T8 E™U)
10.50000 0. -0. 0.94502414E-01 -0.15429340€-00
11.00000 O. 0. 0417485672600 0.30080133E-01
T O3 s I I285ITHIEI T — I T255869E~00
12.,00000 0. 0. ~0.14TT2206E-00 0.92880759E-01
12.50000 0. -0e -0 +13487130E~0 ~0.10890892E-00
124 -0 ~0s B T 3I619E- 0+ —O0 1561 2T THE-0
13.50000 0. L0 0.16835232E-00 J57734620E-21
14.00000 -0. 0. -0.40528297E-01 0.17496004E-00
—4s560000—0s— @ ~d% = 2398691t
15.00000 O. ~0. 0.13647605E-01 -0.16618405E-00
15.50000 0. O. 0 +16651242E-00 01779277T56~01
234 ~0% % 05338270 87E-0 1 B85 13225955E+00
16.50000 —0. -0 “0.17043169E-00 —0.58179921E-01
17.00000 O. 0. 0.873)7683E-01 =0.15169679E~00
£ Sa i3 iy DS T HIE~0 011 Wo1 73600
18.00000 -0O. - Oe —0.14425875E-00 ©  0.818295TiE-01
18,50000 ~0. 0. ~0.370375966-01 -0.16557397E~00
3 6% O o178 o
19.50000 -0O. 0. ~0 +95658B630E-)1 0.14313349E-00
T20.00000 0. 0. TTH0 W TSITZ5SIEO I T U ISR TASE-OT
20.50000 0. 0. 0.17042014E00 0.16406160E-01
231,00000 -0. 0. 0.10101900E-00  0.13244667E-00
ZI.500000 . =0s D 50 2B4563EU 1 U . 153396800E00
22.00000 0. 0. 0.15184575E-00 0.57423691E01
22.50000 -0. O. ~0.15059081E-00 0.76682631€-01
23 T- =0 O s
23.50000 - - 0. O. 0 .68143353E-01  0.1549540 1€-00
24.00000 -0. ~0. ~0.14388943€-00 ~0.76894971E-01
—2%.50000 OO =07 O ISBBEYEIE=U0  —U.237#2551E01
25.00000 0. O. —~0.11425699E-00 0.11311352E-00
25.50000 0. -0. 0.32375829E-01 —0.15744%66E-00
4. oo O T TI06072E=0T D ISHSIRITE-VD
26.50000 -O. -0. ~0 «10904832E~00 ~0.12440437E-00
27.00000 0. 0. 0.15046205E-00 0.75649699E-01
~Z7.500000 0. =U. T I6403592E00 U, [B453808E-0 1
28.00000 C. 0. 0.15476992E-00 —0.30222554E-01
28,50000 -0. 0. -0 .13798595E-00 3.67405085E-01
290000 O, =0 . =00 T<UJIYIGBISIEDVT
29.50000 0. . 0. ' ~0.96688360E-01  0.12333215£-00
30 .00000 0. 0. 0.79334466E-01 —0.13594897€-00
3050000 =0 0. =0T T7ZBY = T
31.00000 0. ~0. 0.73752296E-01 -0.14389192E-0)
31.50000 -0. 0. ~0 . 76526504E-01 0+14143804E-02
32 0% =0 O 8IS92092E=0T =0 I3 174 T2E-00
32.50000 -0, [+ 2% -0 .91469610E01 0.11624581E-00
33.,00000 0. 0. 0.10527579E-00 —0.1J100 789€-00
33750000 0% o% =0 T2023T3%EV0 0 BWI328BEU1
34.00000 0. 0. 0.134723286-00 —).5B62466BE-01
34,50000 -0. 0. —0.14618795E~00 0.19473861E~01
0% e O I T204T9E~00— 0321
35.50000 0. ~Ce ~0+12736T7826-00 -0.86920396E01
36400000 . O. Oe 0.80247121E-01  0.13017099€~0)
“apiBO00s =0T =0 =05 TISTI30IED T 0 1% T0Z59TEDD
37.00000 -0. Te ~0.61131746E-01 0.1290 7245E-00
37.50000 0. -0. 0411623532600 -0.78384912t~01
~S8300000 0% 07 0 I36TINLIE~00 0% o 2
‘50800 O, 0. 0.11417T126-00 0680 46524E-01
‘3900000 - -0« ~0. ~0.49622994E-01 -0.12225141£-00
. =0 0% 041077366601 0. 1290649%E=00
40.,00000 0. R 0. .. ._.._.._.0.120 121756-00 -0.71184357€-01
40.50000 -0. -0. 0 .1366220 7E-00 =0 .34348354E-01

- G
0+59216504E-01 =0 4129619 2&~00
3 “0,13870 TATE~00.  0.30013535E+0 1

Ve IUJIVTTITTUV VeT231T0L
43 .,00000 0. 0.22229653E-01 ~0.13004%907E-00
43,50000 -0. =0 +11899374E-00 0.44729527€-01

B a0 IR L - 9326 w

; ) Qe 0 .226932006~01 “0..11865538E~00
. ‘ <«0.21161 T7IEI0 - 9,324 TARDE]
S 5 0 TISAITZTE=0 T O BYTIIETRRNGT
46.00000 - O. 0.54462421E-01 =0 .10 181443E-00
46.50000 -0. ~0.11736710E-00 =0.15782401E-01

10930 731690
*0.7231 714060

-y ETeYY

0.10295500E-00

_0.76576576E01
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Sample input (contd)

—0.10822129E-00

=0 619 783I96E—-01

0.10929592E-00
0.62927607E-01

—0.71524696E-01
0.78219093E-01
< OvB86B1389E 01—
~0.47202323E-011
~0.94766611E-0 1

=0 <9237 TAE T 02440 I T2 HE-92—

0.85970639E-01
0.41541745€-01
~ s5551 32240t -
—0.65823679E-01
0+49709734E~02
—O.6t
0.39247801E-V1
~0.26781506€-01
=0 .51635478E=01 -
~0.20336609E-)1
0.27514022E~01
043361438601
0.12512143E~01
—0.24442389E-01
~0.33258116E-01
=0 .13927756E-01
TONVIBTTIZRIEST T
0.29864976E-01
0.14558961E-01
~0.863777T26E~02
=) .216746T6E-0 1
—0.19018482E-)1
=0 J12818446E-02
V+16765086E-31
Qa18747659E~)1
"0 T4240%66E-02
~).57730307€02
—0.14834391E-01
=) . T4650B69E-01
~J.33123285E-)2
049912304102
0.13932672E-01
0.86660514E-02
0.21710541E—03
=) JTBOTUSTIE=TZ
=J.12207314E1
—).87762848E02
0413005535602
0.98905357E02
0.10578796E—31
0 J48320094E=02
“0.2071900 3E-02
=) .69433879E02
~0 .86095066E-32
~0.58717262E92
0.95814227E-)3
U.T852T679E-02
09490913 4E-02
0.44342916€6-02
-0 . 32529658E=22
~0.78883708E02
=0 .69597510E=22
—0.2YT89201E=02
0.29894356E-)2
0.59202023E-32
0.559339206~02
0.23203403E~02
~0.23753919E-22
59201 241E—02
0 .58712734E-02
=J.17879259E-02
TOT383B6926E~02
0.69577298E-02
0.50336833E~02

=0 TS TTE-0S
—0.60637829E-)2
—0.67442679E02

= 2tetTot 202
0.41552694E-02
0.70838100E-02

2221 E-02—
=0 .56592489E-09
= .39846892E-09
O HEIH2I22E~10
0.10282525€-08
2431942130E~08

49,50000 0. J.66387752E-01
-50.00000 ~0. - =0.10916561E=00
50.50000 -0. —0.61833969E-01
51.00000 0. . 0.10767144E-00

51556000 - 0. - 0 65511
52.00000 -0. -0.90986023E-01
52.50000 -0. =0.80348641E-)1

~53.,00000 0. - 0.641042168-01
53.50000 0. 0.936775856-)1
54,00000 -0. ~0.2626564TE-01

54350000 -0+ —

55,00000 -0. -0.21181457€-01
55.50000 0. ). 74015377E=) 1

—56,00000 0. 0.5675 71260601
56.50000 ~0. -0.314695376~01
57,00000 -0. ~0.67826353E-01

-5%.50000 -0. -0 .19887976E->1
58.00000 0. 0.47687408E-01
58,50000 0., J.50296224E-)1
-59.00000 0., 0425152711602
59.50000 =-0. ~0.43429047E-0 1
60.00000 ~0. -0.36844336E—01

-60,50000 0. 0. 73363195632
61.,00000 0. 0.38662203E~01
61.50000 0. 0427258713E-01
62.00000 -0. ~0.49921405E-02
62.50000 -0. ~0.29206941E-) 1
'63.,00000 -0, 0. ~ T -0.26 752 TRTE-D T
63.50000 =0. 0. J.30199631E-03
64,00000 O. 0. 0.22829591E-01
64.50000 0. -0. 0422744169E-) 1
65.00000 0. -0. 0.72832068E~02
65.50000 =-0. -0. —0.12279634E-)1

~56.00000° -0, TUTRoS T =0.22425346E=01
66.50000 =-0. 0. —.13273827E-01
67.00000 0. 0. 0.50152146E-02
67.50000 0. 0. 0.15661930E-01"
68.00000 0. -0, 04150 735 74E-0 1
68.50000 0. 0. J.617285036-)2

“69.00000 -0. -0, TT=0.7362)903E-02
69,50000 ~0. -0, —0.15945992E-) 1
70.00000 -0. 0. ~0.11778820E-01
70.50000 -0. 0. —3.2760 T488E~) 4
71.00000 0. 0. 0.898277786—02
71.50000 0. 0. J.11676181E-)1
72700000° O, -0, - T 0.BT434242E=02"
72.50000 -0. -0, J+561365656-03
73.00000 -0. -0, -0.90544280E-)2
73.50000 -0. 0. TS0 . 12471612E-01"
74.00000 -0. 0. —0.66732274E02
74.50000 0. 0. 2.27516761E-02
75.00000 0. 0., ~ 0.855204T2E-02
75.50000 0. -0. ) «86992052E-)2
76.00000 0. -0, 0.4985266TE—~2
76.50000 -0. -0, 0. 86840 T44E-D 3
77.00000 -0, -0. -0.68832260E—02
77.50000 -0. 0. ~0.94170316E-02

“78.00000 -0. - PR -0.57358342E<02
78.50000 Q. 0. 3.21677904E-)2
79.00000 0. c. 0.83886696E—02

~79s50000 0. -0, 0 «B%248782E~0 2
80.00000 O, ~0. 0.29747705E-02
80.50000 -0. -0. =0 .34628063E-)2

~§1,00000 -0, T =0 T “=0V68I1T63BE-02
81.50000 —C. 0. ~0459256764£-) 2
82.00000 -0. 0. —0.2110)662E-02
82.50000 0. 0. 0 .24605T64E=) 2
83,00000 0. 0. 0.56357870E-02
83,50000 0. -0. 0.57164858E~02
84.60000 O, -G s 22602 —
84.50000 -0, -0. -0 .28775179€E-) 2
85.,00000 -0, -0. 0,64 T4059TE-02
85,50000 -0. 0. “0STOIN286E=0 2
86.00000 0. 0. -0.73031542E-03
86.50000 0. 0. 0.49871958E~02
~87500000— O. - (o 0TI 19T I28=02
87.50000 0. -0, 0.38264880E~02
88.00000 -0, -0. ~0.24487489E-02

88.50060 0. - -0, -} J68322T3%E=02"
89.00000 -0. 0. -0.57928862E-02
89.50000 0. 0. =0 «10 779946E~0 3

~90-:60000-— ©-, e o R
0. 0.24075337E~00 -0.94946396E-02 0 .14350019€~07
0.50000  0.21917173E-00 =-0.695019976-02 0.13084175E-07

1500000 0.17803186E~00 =—0.%3444423E~04 0., 10659660E—0 7 -
1.50000  0.15845454E-00 0.16202460E~01 0.94776422E-08
2400000  0.16630799E~00  0.53184728E~01 0.99042217E-08
220000 U 10309566t =00 UL IUO0 I I%9T=0Y V90 70%o0—U0
3.00000  0.12637936E-00  0.14965785E-00 J.75549814E—08

. 3.50000  0.63551494E-01  0,16464058E-0)  0.380 74200E—08
00000 - ~03300766226-02 04165905226-00 =0 .2 14%630TE~I9
4450000 ~0.79280589E-01 0.15782581E-00 ~0.47746029E-08
5.00000 -0.15794159E~00 0.10841011E~0) ~0.94126001E~8

550000 0. 1899224 1E 00— 0 T415ITO9E=0 2 ~=0i 1129 FSIOE~D
6.00000 -0.14642171E-00 ~0.967739956-01 —J.870 74158E-08
6450000 -0,53196777E~01 -0,159636456-0) -0.30906780E~08

—F500000 ~063879237E—01 - ~0+ 1 okBWIBE~G—— T+
7.50000  0.16875581E-00 ~0,82765763E~01 0.,10055485607
8.00000 0,17386591E-00 0.68449076E-01 0.10259537€E~07
To0000 UTHISTO8STE-OY VIS0 7I8E=-0) At Y.

9.00000 ~0,10473033E-00 0.13628523E-0)0 ~0.63508509€-08
950000 ~0.17641085E-00 ~-0.36574220E-02 —0,10480406E=07
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0.88905394E-0 8
0.98412920E-08
0.94021819E~08
0.643417686-08

0157910 486E-0 8
095491833608

~0.48097648E-08
0.413352876-08

0.80105773E-08
0440960 436E=09




10.006000
10.50000
11.00000
11.50000
12.00000
12,50000
13.00000
13.50000
14.,00000
14.50000
15.00000
15.50000
16.00000
16.50000
17.00000
17.50000
18.00000
18.50000
19.00000
19.50000
20.00000
20.50000
21.00000
21.50000
22400000
22.50000
23.00000
23,50000
24.,00000
24.50000
25.00000
25.50000
26.00000
26.50000
27.00000
27.50000
28,00000
28.50000
29.00000
29.50000
30,00000
30.50000
31.,00000
31.50000
32.00000
32.50000

Sample input (contd)

—6.97589967E-01
0.92948636E~01
0.17711279E-00
0.36659024E—01

-0.14609905E-00

-0.13900021E-00
0.73976878E-01
0.17230027E-00

-0.36354183E-01

-0.17415203E-00
0.86637317E~02
0.16908856E-00

~0.28168509E-01

-0.17378819€~00
0.84220579E-01
0.12403946E-00

-0.14174256E~00

-0.43309810E~01
0.17318284E-00

-0.922963856-01

-0.81069246E-01
0.17132723E-00

~0.969536356-01

-0.55745488E-01
0.15513995E-00

-0.14819957E-00
0.47951349E~01
0.72867444E-01

~0.14643330E-00
0.15668259E-00

-0.10848886E~00
0.26223053E~01
0.53262417E-01

-0.11352156E-00
0.15135568E-00

-0.16216478E-00
0.15149713E-00

-0.13268510E-00
0.11154353E-00

-0.89690601E~01
0.73115670E-01

~0.66449503E-01
0.67063155E-01

~0.70494196E-01
0.76171245€-01

-0.85394239E-01

~0.15463383E~00
~0.157642B7E-0)
0.27110759E-01
0.1726613GE-02)
0.36727767€-01
-0, 10 648838E~0)
-0.16065706E-00
0.53811260E—01
0.17753480E-02
-0.18772662E-01
-0.16811782E-0)
0.11954291E~01
0.17531923E~00
-0453849269E~01
>0, 15542803E-00
0.11429024E-0)
0.87386897E-01
-0.1647T71774E-0)
0.17699981E-01
0.14820193E-0)
-0.15378727€-00
0.11062642E-01
0.13546952E-0)
-0.15219404E-0)
0.51625665E-01
0.83051175E~01
~0.16677040E-0)
0.15348780E~0)
-0.72198835€-01
—0.29561654E-01
0.11608220E-00
-0.15738188E-0)
0.15229609E-0)
-0.11941598E-0)
0.69541237E-01
-0.13484918E-01
-0.34498752E-01
0.71431659E~01
-0.10170204E-0)
0.12428810€-0)
~0.13679861E-0)
0.14223407E-0)
—0.14376578E-0)
0.14009318E-0)
~0.12996871E-02
0.11616720E-0)

=3 .56100942E-28
0.56327828E-08
0410422272E-27
0.195823576—98
—J.88049211E-)8
~0,803B9562E-08
Je45974027E-08
0.10034580E-07
=) 2415674 TE=)B"
0102771 7IE-07
J.B81346063E-29
0.99249141E-08
—0.20162515E-08
041015852007
J.52039434E-)8"
0.71270195€-08
-) .85984920E~) 8
-0.,2207612%6-08
J.10181913€E07
-0.,57016987E-08
~) 4 44806331E-28
0.10157832E-07
~) «60212019E~08
~0.29971935E-08
J«0507125E-28
~0.8975912)E08
J.31733424E-38
0.40616603E-08
=)+ B57647B7E-) 8
0.94693669E~08
—)a68102478E-)8
U.19297498E-V8
).28196616E-)8
-0.64997868E—V8
J.B9682374E-)8
-0.97772432E-08
J«92250060E~8
~0.82246038E-08
JeT0T25244E-08
—0.5763)753E-08
J.4728T027E~08
~0.43423224E-08
) «43959793E~28
-0 .45613351E-08
J.486326T6E-08
—0+54520136E08

33.00000
33.50000
34,00000
34,50000
35.00000
35,50000
36.00000
36.50000
37.00000
37.50000
38,00000
38.50000
39,00000
39,50000
40.00000
40,50000
41.00000
41.50000
42.00000
42 ,50000
43,00000
43,50000
44300000 -
44 ,50000
45,00000
45,50000
46,00000
46.50000
47.00000
47,50000
48,.00000
48.50000
49.00000
49.50000
50,00000
50.,50000
51,00000
51.50000
52.00000
52450000
53506000
53,50000
54,00000
54.50000
55.00000
“55.50000
56.00000
56.50000
~ 57400000
57.50000
58.00000
5850000
59.,00000
50000

0.979911C4E-01
-0.11289857E-00
0.12901839E-00
-0.1427898%E-00
0.14569544E-00
-0.12691811E-00
0.80971234E~01
-0.14175843E~01
-0.56152109E-01
0.10957336E~-00
—0.13064736E-00
0.11151025€E-00
-0.51944037E-01
~0.34883437€E-01
0.11335966E-00
-0.13272294E-00
0.64648487E-01
0.54481831E-01
-0.13232052E-00
0.97847620E-01
0.21107081E~01
-0.11311651E-00
0.90477389E=01—
0.21053258E-01
~0.10510658E~00
0.69746502E-01
1 0.49886720E-01
-0.10932871E-00
0.19820627E-01 -
Ue1034306062E~00
-0.68192412E-01
-0.83354235E-01
0.94747461E-01
0.64763357E-01
-0.10169650£-00 -
-0.59528663E-01
0.98065034E-01
0.64428954E—01
-0.82525497€-01
~0.76923374E-01
0.56141949€-01
0.87491093E-01
-0.19495943E-01
-0.85448371E-01
~0.22210250E-01
0.64735346E=01
0.54030814E-01
-0.24797774E-01
-0.61914953E-01
-0.19928985€~01
0.39794011E-01

=0.10150653E-0)
0.85704295E-01
-0.61635693E-01
0.24295304E-01
0.25999270E=01
~0.80774752E-01
0.12507015E-0)
~0.143327426-0)
0.12694146E-0)
—0.78415059E~01
0.95129816E-02"
0.62736717E-01
-0.11658161E-0)
0,12579825E=0)
-0.71857578E~01
~0.30447790E-01
0.12041891E-03
-0.12555982E-0)
0.30670685E-01
0.88678894E-01
-0.12465137E~0)
0.43536612E-01
‘o TaL -
-0.11102999E-0)
0.302528582-01
0.81898384E~01
-0.96083071E-01
-0.14069843E-01
0. 1102 10 84E~0T
o 41Q7E-01
~0.93831169E-01
0.84079193E~01
0.729492 74E-01
-0.10009 742E-0)
~0.60430299E-01
0.10106263E~0)
0.60943674E-01

-0.91895266E-01 02390512 T6E-08—
~0.70048672E~01 =0 .54231896E-08
0.70538291E-01 ~0.47891521E-08
©.832949 77601~ 0+38209090E-I8-
-0.39090101E-01  0.55836192E-08
-0.88453131E-01 =0 .15655545E-08
-0.15638145E-02 -0.55057391£-08
0.77728622E-01 -0 .12625133E-08
“ULWIEHSZTEDL U
~0.46650351E~01 3 .33829963E~08
-0.61628580E-01 —-0.18757305E-08
~U,1585299 TES0Z =04 %0
0.54411747€-01 -0.11854157€-08
0.36620901E-01 0 .284239106-08

). 62749261E-08
-0.71667039E-08
) .80301331E-08
—0.871348B07E~08
J.8778E5 T6E—0 B
-0.75917137€-08
J.47831012E-)8
~0.696180 62E=09
—3.36437359E~08
0.69281655E—08

0 .9Z%83748E06 -
-0.919660 32E-08
0.17929156E-08
0413 285299E-37
0.55361246E~08
~0.649147THE-08
-0.93059371E-08
0.34412514E-08
TOV13%2BH3TESY T
=0 .1374030)E-08
—0.99053410E-08
0.1J605320€-08
J.1026T469E-0 T
-0.34677935E-08
) YOHIB3I3GEVE
0.69774234E-08
0.487742256-08
-0 .98689T80E=VE
0.13861670E-08
0.85314210E-08
-0 . 92234 TGHEVE
0.97788334E-09
0. 7894436 7TE-0 8
-).91431142E-08
0.34227187E-08
0.45706409E~08
-0 .9BI65H14E=08"
0.92359788E-08
~0.45832974E-)8
~).14151663E-08
0.67420910E-08
-).9384433)E-08
2.92113025E~38
-).74150 785E-08
0 .45090 734E-0 8
-).1)999326E—V8
~0.18014046E-08
2.4)176561E-08
~) .5910894BE=08
J.73511691E-08
—0.810319)4E~0 8
0.8620 TO6IE-0E
-0 .85766265E-08
0.84303643E~08
-0 . T8186228E=08"
0.69287903E-08
-0 .60205395E-38
0.500 T58226=08
-0 .349430 26E-0 8
3.11607325E-08
Ds
~) .51808593E-08
V. 77587955E~0 8
=) « BT63%269E=08
0.76933176E-08
~0.46721049E-08

=3 .81502911E=38— O+

0.68054866E—08
—J.29577609E—08
—0.24484017€-08
0.71598148E-08

0.42558889E-08
—J.72867519E—08

U 7692869808
—0.42429183E08

~0.81433103E-08 -0.20473215€-08
38134583808 O
0.35295787E~08 —J.76662911£-08
—).82676097E-08 0.17889461E08
0.6086228BE-08 0355548638608
2.13249905£-08 ~0.775152876-08
-0.70925801E-08 0.266608756-08
“IT56918435E=-08 O
0.134)7044E—08 —0.70724121E-08
~J.66529376E~28 0.19354713E-08
0.43719725€=08 03519
3.32462132E-08 -0.60686135E-08

-0.69956248E-08

~0 .940 0443€E-09

0.12981340E608 O

N.65152238E-08
—0.43104379E-08
~3.52963582£-08

J.61365963E-08

0.39570184E-08

—0.3020 7797E-08
~0.593062336-08
8538404 TRE=0B -
0.45643196E~08

0 .64504913E-08
—053694200 3608

3. 650671 TTE~DI8— 05

-0.36855917E~08
0.64177182E-08

"0v4590891TE=0T U0 I39272E01 ~ U.

0.12087847E-02
-0.37969638E~01

-0.46325424E-01
-0.20220404E-01

~0.14992184E-09
~0.25885729E-08

0.65145446E-08
043750 7776E-08
3531 364E-068—
~0.42632041E-08
0.46622212E-08

O 52858226608

~0.281347776-08

TS0 5548

0.14545751E-09
0.512424946-08

-0.33088460E-08

-0.392339DE-08
0.3686304E-08
0.233935136-08

“0+30777144E-08
-0.12121563E-08
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60,50000

61.00000
&1.50000
62,00000
62.50000
63.,00000
63.50000
64,00000
6%,50000
65.00000
65,50000
66,00000
66,50000
67.,00000
&T,50000
68.,00000
68,50000
69.00000
69.50000
70.00000
70.%0000
71.00000
71.50000
72.,00000
72.50000
73.00000
73.50000
74.00000
74.50000
75,00000
75.50000
76.,00000
76.,50000
77.00000
77.50000
78.00000
78,50000
79.00000
~79:50000
80.00000
80,50000
81.00000
81.50000
82.00000
82,50000
83.00000
83,50000
84,00000
84.50000
85,00000
85350000
86.00000
86.50000
87400000
87.50000
88.00000
88.50000
89.00000
89.50000
90.,00000

0.40926131E-02"
0.31996115E-01
0.25773226E-01
-0.26846904E-02
~0.24800938E-01
-0.22670558E-01
-0.17407776E~02
0.17684010E-01
0.20422143E-0T
0.70968741E-02
=0.99371443E-02
-0.17532278E-01
=0.11441790E-01
0.20539632E-02
0.12551909€E-01
0.13255631€E-01
0.49086269€E-02
-0457234117€-02
~0.11423402E-01
~0.93087427E-02
-0.,15902273E-02
0.65006520E-02
0.98536347E-02
0.67129863E-02
~0.23105983E-03
=0 .62408745E~02
-0.7997T1314E-02
~0.50728381E-02
0.56360636E-03
0.56271632E-02
0.70760508E~02
0.40863100E-02
~0.11804473E-02
-0.51976942E-02
~0.57068741E-02
=0.29567063E-02
0.10869842E-02
0.41967612E-02
0.48559701E-02
0.,27466736E~02
-0,99050517E-03
“0.41184446E-02
-0.45838058€E-02
-0.20309150E-02
0.17787945E=02
0.41946827E~-02
0.36304996E-02
0.67928600E-03
-0.24553642E-02
~0.36345689E~02
=0.22552446E~02-
(0.49734063E~03
0.26255643E-02
0.27384204E=02
0.93672732E-03
-0.13595260E-02
~0.24678298E-02
-0.16518892E-02
0.35922077E-03
0.19377048E-02

Sample input (contd)

0.37203412E<01
0.13507660E~01
%0,19225819E-01
-0.29751924E-01
-0.12778090€-01
0.12924772E-01
0.242936276-01
0.14225653E-01
~0.56703138€-02
-0.18572532E-01
-0.15850011E-01
-0.16763762E-02
0.11999375€E-01
0.15494698E-01
0.77836140E-02
-0.44124884E-02
-0,12254858E-01
~0.11068500E-01
-0.28814564E-02
0.62286028E-02
0.10601572E-01
0.79847742E-02
0.53738649E-03
-0.6580 7429E-02
-0.88992943E-02
-0.56531584E-02
0.48840410E-03
0.58011644E-02
0.74692471E-02
0.46749613E-02
-0.83913605E-03
-0.55361909€-02
~0,64648339€-02
~0.34069062E~02
0.12671577€-02
0.46485279E~02
0.51243693E-02
0.28101840E-02
“0.,91561384E-03
-0.40422077E-02
-0.47556924E-02
-0.25151743E-02
0.13274766E-02
0.42232329€-02
0.42051103€-02
0.13740404E~02
-0.21828571E-02
~0.39846854E~02
-0.29515699E~02
-0.44795576E-04
0.25913681€-02
0.32064465E-02
0.15837207E-02
-0.95821469E-03
-0.25852624E-02
-0.22295681E-02
-0.292047586-03
0.16990087E-02
0.22357451E-02
0.97442991E~03

0.43727872E~09
0.23044468E-0 8
0.16247459E-08
-0 .29755476E-)9
-0.174)8694E-08
-0 .15945876E0 8
0.1803J382E-10
0.1360 7496E-08
0.13556581€-08
0.43411295E-)9
—0.73192324E-09
-0.13366548E-08
—0.79118174E-09
0 +29893008E~09
0.93352381E-09
0 .89845506E~)9
0.36793055E-09
-0 43881477609
-0.95045518E-09
=0 .70207239€-09
-0.16455345€-11
J.53541528E~09
0.69595467E-09
0.52114869E~09
0.3346000JE-10
-0.53968596E-09
-0.74336600€-09
-).39775535E-)9
0.164)1267E=V9
0.50974174E~9
0.51851303E-09
2429714505609
-0.51761117€-10
-0 .41027224€E-09
—0.56129882E-0Y
-0 .34188236E-)9
0.12921038E-09
0 .500003676-09
0.50216187€-09
J.17731014E-)9
-0.20639934E~09
~0.40601276E-09
-0.35319784€-09
). 12576974E=0 9
0.14666178E~09
J+33591908E-09
0.3407291)E—09
V0 e13737990E-09
—0.17151343E-09
—0 .38588402E-09
~0.339950 84E-0 9
-0 .43530191€-10
0.29726093E—09
0.42330690E-09
0.22807646E-09
-0 .14595681E09
~0 .40 723523E-09
-0 .34528293E~09
-0 .64253490E-11
U.334725376~09

0.25845431E-08
0.74578185E~09
~).14568799E08
-J.19823382€~08
=) «83015900E-09
0.10001267E-08
0.17800912E-08
V.86778175€-09
=J.51485137E-09
~0.12919114E-08
=) .11335898E-8
=) . 7640 3894E~1)
0.99927702E-09
Vsl1l174475E-08
0.44250 T66E-09
—J o 3440 9945E-)9
=) .88419860E-09
=0 .87325989E-09
“)419743016E-09
0.59081936E-09
0.83045200E-09
U.51653691E-19
Ue12940491E~1)
) .46533691E-)9
=).72761267E-09
=) .52310733E-J9
0.77519029E-1)
J.58952186E-)9
J+63054541E-09
J.28801020E-39
=) .12349488E-09
=0 .41385817€-09
=).51316658E-09
=)} 43499821 5E-09
JWST10973)E-1D)
V. 46B06144E~09
056570 234E-09
J.2643)4376-09
=).19389187€~09
—) 44T 18354E-09
=) .41l483349E-09
~3412987375E~09
V.17818424E-09
J«35287155E-09
0.33339214E-06
J.13830336E-09
-).14158439E—09
=0 .35286689E~09
=J+34995516E-09
=0+ 10656869E-29
J.22850589E=09
U.414713)1E-09
0+3J003391E-09
=0 4440 5232E-10)
~).36142962E-09
-0.40198969E-)9
—0.127660 WE-O9
J.24T67336E-09
0.42222798E-09
U.251956)5E~09
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Sample output

AAS SUB NO FLANGE, S-BAND
361 14 181 2 -1

0.00 « 240940 =2.25 + 240940 -2.25

«50 «219281 -3.33 219617 ~3.26
TTTUILOU0 L ITBU3L TO<5.09 L1788B41 T -5.BZ
1.50 «159280 ~7.83 «159941 ~T.48
2.00 « 174605 -6.57 174593 —6e43
Z.50 « 196640 =5.07 «19617% -5.16
3.00 + 195880 ~4.86 + 195740 -5.03
3.50 « 176480 ~5452 «177035 -5457

T &.0077, 165932  -6.15 L1866 700 5,95
4450 « 176619 -6432 «176916 -6.07
5.00 «191567 ~6.29 .191286 -6.18

7T 5.50 « 190067 ~5.92 «189683" -5.9%0
6.00 «175512 -5.11 « 175444 ~4.94
6.50 « 168266 -4.91 »168391 —b4,41
7,00 TL.1T678B 6,22 7T UITE53T T S5,.56
T.50 «18795% ~7.47 .187008 -6491
8.00 +186854 ~6.81 «185571 ~6436
8.50 +176857 ~&,54 .175910 -3.97
9.00 .171878 ~3.69 «171507 -2.82
9.50 « 176448 ~6.01 +175966 -4,96
“TTI0.00 T . 182853 T -B.%Z T JIBLATT -T.41
10.50 +183004 -7.60 «180934 -6.64
11.00 +179175 -4.37 « 177425 ~3.31
11.50 «176510 -2.99 - .175658 -1.78
12.00 «175217 ~5.41 174495 4407
12.50 «175102 -8433 +173353 -6.86

" 13.00 176870 -7.90 +174141 -6.34
13.50 «180507 -5.09 177976 -3.51
14.00 .181218 -3.62 +179592 -2.15
14,50 «175160 “4.75 »173956 ~3.29
15.00 «168340 ~6.60 « 166743 ~4486
15.50 169510 -7.10 +167460 =-5.04
16.00 « 177567 -6.52 . 175549 ~4.54
16.50 +181939 -5.87 .180088 ~4.24
17.00 «176779 ~4,.98 «175027 -3.51

T ITW.50 + 168665 -4.03 +167334 ~2.30
18.00 166515 -4.49 «165851 —2.40
18.50 +.170374 -6.61 169665 ~b 49

T T19.00 © . 17408% -7.97 «172399 -6.05
19,50 .174592 = -6.69  .172156 = =4.84
20.00 «173846 -4,05 172036 -2.17
20.50 -171684 -3.08 «171208 -1l.28
21.00 « 166589 —4.54 « 166574 -2.80

- 21,50 «162082- TG, HS T TSI T T T =8, 48
22.00 « 163504 ~6.95 . 162341 ~4,64
22450 . 169884 -6.47 +168990 -4.19
23,00 «173527 - ~5.81 Ji72926 T =392
23.50 « 169906 -4.69 +169275 -3.04
24.00 163264 -3.28 «163147 -1.41
T 2%I50 o159 =3322 T160833 1.0%
25.00 . 158886 -5.25 « 160777 -3.03
25.50 «159551 -7.38 «160738 -5.22

— 2600~ .1613¢F — —~Ti39 L 161613~ +5.13
26.50 164764 -5.66 +165432 ~3.35
27.00 « 166566 —4.16 « 168409 -2.14
2T S50 L 162724 —— =B:5t — 165069 - 184
28.00 « 155375 -3.21 « 157693 -1.43
28.50 « 150691 -3.49 +153569 -1.23
——29.,00— ,150947 - =5.02- “;15%641 <~ =2.55
29.50 +»153270 -6.99 «156714 k.71
30.00 .155112 ~T7.46  .157404 ~5.31
30550 +156990 5395 158953 BT s
31.00 +158638 -4.01 « 161691 ~1.88
31.50 «156829 ~2.94 .160813 -l.23
BP0 2 1506#5 — =250 154480~ - T =399
32.50 «144176 -2.35 «147918 ~e 4B
33.00 «141376 -3.16 .145895 -.85

g — TR =515 146680 =2.89

34,00 «142984 -6.93 « 146925 -4.91
34,50 « 144842 ~7.01 «147479 ~4.94

— 3G 16T99T 5T 150 e - =-3.52
35.50 150441 —4.31 «154200 “2e47
364,00 « 148992 -3.13 .152918 -1.87

20 JU e I WU e i R Sadini-R Y -2 8
37400 «1338C¢ -:57 142817 «90
37.50 «134741 ~. 78 +140195 « 80
o 31309932353 136131 H
30.50 «127946 “4.56 «132918 T ~3.13
39,00 . .127630 -5.88 .131938 «3.96

39550130545 T 0 SIIH7 .

TETROL00  L134215 =719 G139829 T -5.47
40,50 1363270 -6.87 «140873  =5.68
41.00 136675 =5.31 « 150619 =414
41.50 < 136870 =3.20 -141598 -1.93
42.00 .135828 -1.56 141917 -72

42 .50 «132053 —. 44 «138245 - 24

C < 126%23 <827 < 131935 (343
43,50 «121208 Y139  J12M22 184
44,00 «117009 1.01 124309 laa7

oV « 113008 ~e20 ol ~a

45.00 .109373 -2.49 « 116245 =-2.65
45,50 «107572 -4.13 .113896 -3.80

WS .110230  ~T.31 110423 =898
4100 2112038 ~8.44 4129829 ~8e73
LAYl JII3TIY =g.%Y =

48,00 +115993 -7.69 « 123003 =Te69
48,50 +118394 -6.70 +126732 -6.91
N ) 3 (3
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49,50
50.00
50.50
51.00
51.50
52.00
52.50
53.00
53.50
54.00
54.50
55.00
55450
56.00
56.50
57.00
57450
58.00
58.50
59.00
59.50
60.00
60.50
61.00
61450
62.00
62.50
63.00
63,50
64.00
64,50
65.00
65,50
66400
66450
67.00
67.50
68.00
68.50
69.00
69.50
70.00
70.50
71.00
71.50
72.00
72.50
73.00
73.50
74,00
74450
75.00
75.50
76.00
76450
77.00
77.50
78.00
78450
79.00
79.50
80.00
80,50
81.00
81,50
82.00
82.50
83.00
83.50
84,00
84,50
85.00
85.50
86.00
86.50
87.00
87.50
88.00
88.50
89,00
89,50
90.00

Sample output (contd)

J119221
.118296
L117291
L115459
L112231
.108246
.104368
. 100448
.095826
.090576
.085462
.080839
.076278
.071383
066430
.061935
L057946
.054080
.050132
.046341
.043018
.040138
.037427
.034730
.032154
.029872
.027899
.026096
024355
.022695
021194
.019882
.018707
017612
L016580
L015630
L014769
.013970
.013201
.012460
L011781
.011200
.010720
.010296
.009868
.009400
.008902
.008420
.008012
.007706
L007490
.007315
L007125
.006880
.006571
006214
.005845
.005509
«005238
.005050
.004941
.004887
.004857
.004825
.004772
.004686
.004565
.004413
.004236
.004042
.003839
.003634
.003435
.003244
.003066
.002901
.002749
.002611
.002485
.002369
.002264
.002168

—4.11
~2.04
.02

1.74
3.37
5.22
7.06
8,44
9.36
10.21
11.10
11,65
11.54
10.99
10.37
9.63
8438
6.41
4,01
1.52
~1.17
—4.47
-8,56
-13.19
-18.07
-23.22
-28.96
-35.,4%
~42.59
-50.16
~-58,10
-66.60
-75.81
-85,73
-96.26
-107.36
-119.11
-131.,59
144,75
-158.44
-172.55
-187.17
~202.56
-218.96
~236.40
-254.63
-273.31
-292.18
-311.26
-330.88
-351.48
-373.38
-396,58
-420.86
-445,86
-471.19
496,56
-521.84
-547.17
-572.89
599,46
-627.22
-656.34
-686.83
~718.53
-751.29
-784.91
-819,25
-854.18
-889.62
-925.49
-961.76
~998.42
-1035.51
-1073.04
-1111.05
-1149.64
-1188.86
-1228.76
-1269.43
-1310,91
-1353.28

+126961
125532
125574
«124711
«120854
« 115733
«112134
« 109424
104897
+098339
+092403
088541
084876
+079392
«072959
068008
064965
«061761
2056982
+051696
047954
+ 045983
043977
040636
036612
033630
032357
.031579
029866
+027076
024329
+022865
022638
+022461
.021383
«019406
017332
016141
016067
«016396
016286
«015394
013932
<012481
011678
011721
012220
«012609
«012539
.011931
010930
.009822
+008942
.008547
+008653
«009047
009465
.009724
.008735
+009488
+009031
+ 008430
007773
«007151
006637
.006284
+006110
+ 006094
+006190
«006352
+006538
.006716
006872
.006995
.007085
«007140
+007170
«007175
007160
.007129
007084
.007028

-5.48
-3.18
-.97

.19

1.16
3.07
5.35
6,56
6.69
7.14
8.54
9.54
8.91
7.43
6.74
6.91
6.09
3.24
-.33
-2.75
-4, 11
-6.73
-11.89
~18.15
-23.23
-26.60
-30.72
-37.86
-47.27
-56.45
-63.38
-68.94
-76.57
~87.92
-191.52
-1l4.79
-125.55
-134.14
~143.99
~157.78
~174.97
-193.46
-210.97
-225.84
-238.46
-251.96
-269.19
-290.24
-313.72
-338.04
-361.75
-383.63
-493,21
-421.62
441,27
-463.96
-489.85
-518.16
-548,06
-578.84
-639.89
-640.75
-671.03
- 709 .50
-729.15
-757.35
-785.72
-815.01
-845.73
-878.02
-911.84
-947.02
-983.36
-1020.70
-1358.87
-1097.76
-1137.31
-1177.44
-1218.11
-1259.27
-1330.91
-1343.00
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./)/
I%. ANTENNA FEED EFFICIENCY ~

A. Lludwig

Program: J127001, binary in Jet Propulsion Laboratory
Library (revised May 18, 1966). Also available
in IBM 1620 version, source deck in Antenna
and Propagation Group Library

Engineer: A. Ludwig

Programmer: A. Ludwig

A. Program Description

This program computes the efficiency of a circular
paraboloidal antenna illuminated by a given feed pattemn.
Efficiency is relative to the case of uniform amplitude and
phase illumination of the aperture, which is defined to be
100% efficiency. The illumination pattern should be of
the form

e-]

E(p.&) = S [AW)singis + B costie] (1)

where p, £, ¢ are spherical coordinates, with ¢ and y the
azimuthal and polar angles, respectively; iy and i¢ are unit
veetors; and A(y) and B(y) are in general complex,

Aly) = | Aly) | e ¥
B(y) = | B(y) | €'*¥

It is not necessary to obtain these functions analytically.
The program accepts the functions in tabular form, and
typically the functions are obtained directly from experi-
mental patterns. The form of Eq. (1) is completely general
for feed systems with total physical circular symmetry

N67-28730

(the feed pattern does not have to be circularly sym-
metric), excited by fields with the same form as Eq. (1).
For example, far-field patterns of conical feed horns
excited by TE,, and TM,, modes satisfy this condition.?

For experimental patterns of systems satisfying these
symmetry condifions, | A(y) | and | B(y) | are the E- and
H-plane amplitude patterns, respectively, and ®4(y) and
®,4(y) are the E- and H-plane phase patterns, respectively.
This set of patterns defines the radiation everywhere by

Eq. (1).

Antenna efficiency 7 is then given by (Ref. 13)

[ “[AW) + BW)] tan L dy|

B

[nAm 2+ | B) ] siny dy

2

7 = cot®

> (2)

where y is the edge-angle of the paraboloidal reflector,
and yB is the angle subtended by a blocked portion of
the aperture at the vertex of the reflector.
The gain of an antenna of diameter D is related to 5 by
_ =D \?
6=y () ®

where A is the free space wavelength.

*The computed results will be only approximately correct for radi-
ation patterns from rectangular feed horns.
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The program divides » into loss components due to spill-
over, non-uniform amplitude illumination, cross polariza-
tion, phase errors, and vertex blockage. The definition of
these terms is given in Ref. 13. The program also computes
total radiated power (in watts), for field input (in volts, or
decibels below 1 v), feed pattern gain above isotropic
radiation at y = 0, and a resultant phase angle that is an
amplitude-weighted average of the feed phase pattern.

B. Applications

This program may be used for predicting gain of a
paraboloidal antenna with known illumination, for opti-
mizing feed system parameters, for determining spatial
energy distributions for a given feed pattern (for noise
temperature calculations, for example), or for directly
computing the primary pattern gain of a given feed
pattern. The last calculation is useful primarily for pat-
terns with gain below 25 db. The breakdown in loss
components is useful in pointing out which aspect of the
feed pattern is causing the most loss, and therefore areas
of potential improvement.

C. Input
Card Parameters Format
1 |TITLE 72H
JMAX JO JIN IC1 IC2 515
3 | PSI E(1) EP) H(1) HP(1) |5F10.6

JIN+2 PSI  E(JIN) EP(JIN)H(JIN) HP(JIN)| 5F10.6

TITLE = any alphanumeric statement, Columns 1
through 72

JMAX =1 + 180/Ay, where Ay is increment of input
data

JO =1 + yB/Ay, where yB is angle of blocked
region at vertex

JIN = number of input points, < JMAX. Program
sets data values equal to zero for points
between JIN and JMAX. JIN < 500

IC1 < 0 for field input, db, > 0 for field input, v

IC2 < 0 to compute phase error loss, 0 to set phase
patterns equal to zero everywhere

70

PSI = polar angle. Data must be spaced with a.
constant increment Ay, and must start with
PSI = 0. Data may be truncated at any point
PSI <180, as specified by JIN

E() = | AW, vor db
EP(]) = ®.(y), deg

H(]) = | B(y)|,vordb
HP(]) = ®u(y), deg

Consecutive cases may be stacked without limit. 7094
machine time is roughly proportional to JIN, and is 10 sec
for JIN = 31. 1620 time is roughly 5 min for the same case.

D. Output

This program outputs six factors vs PSI from PSI = Ay
to PSIMAX, where PSIMAX is the maximum value of PSI
input (corresponding to J = JIN). The factors are:

PSI = polar angle, deg

ETA = 4, overall efficiency for a main reflector
truncated at PSI

ETAS = fractional power contained betweeen PSI =0
and the printed value of PSI, which is the
fractional loss due to spillover if the main
reflector is truncated at PSI

ETA I = fractional illumination efficiency at PSI

ETA X = fractional loss due to cross-polarization at
PSI

ETA P = fractional loss due to phase errors at PSI

ETA B = fractional loss due to vertex blockage at PSI

Overall efficiency is the product of factors:

ETA = (ETAS) (ETAI)(ETA X) (ETA P) (ETA B)

Each factor is the ratio of gain with the given loss factor
present to gain in the absence of the given loss factor.

Program also prints out total radiated power (in watts),
resultant phase angle as defined above, and primary pat-
tern gain (in decibels) above isotropic.

E. Sample Case

The input for this case consists of punched output
from the sample case for Multimode Feed Pattern Syn-
thesis Program (I), plus the addition of Control Card 2.
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| - Sample input

DUAL MOUE FiT, 2388 HCy 23,084 D1A APEKTUKRE
91 o 4 2 o .
0. 0.85613 357.39283  0.85613 357.39263
‘ 2.00000 0.83894 357.57479  0.83626 357.55461
4.00000  0.78914 358,13817 0.77898 358.05558

6.00000  0.71172 359.13950  0.69093 358.94635

6.00000 0.61423  0.68835 0.58196 0.32536

10.00000  0.50571  2.97750  0.46354  2.36690

12.00000 0.39558 6434405 0.34702 5.37923

14.00000  0.29252 11.39382 0.24216 9.92826
16,00000 _ 0.20376 _19.24903. 0415599 17.10678

0.13474 ~31.93022 0.09240 29.06619

0.08898 52.04779 0.05211 49.28807
22.00000  0.06595 78.34972 0.03170 77.99481
24,00000  0.05691 101.91210 0.02165 104.34447
26.00000  0.05057 117.68370 0.01278 121.23688
28,00000  0,04186 127.48676 0,00283 13).23816
30.00000  0.03068 133.77880 0.00677 317.44831
32.00000 0.01862 138.03638 0.01416 321.56280
34.00000  0.00740 141.05999 0.01815 324.44467
36.00000 0.00172 323.29434 0.01863 326.55419
38.00000 0.00812 324.99916 0.01600 328.15290
40,00000 0.01171 326.33402 0.01125 329,39841
42.00000  0.01280 327.40144  0.00548 330.39059
44.00000 0.01195 328.26996  0.00029 151.19546
46.00000  0.00980 328.98688  0.00526 151.85827
4B.00000  0.00696 329.58586  0.0089 152.410 96
50.00000 0.00395 330.09137 0.01114 152.87667
52.00000 0.00115 330.52164 0.01191 153.27253
54.00000  0.00121 150.89048 0.01144 153.61149
56.00000 G.00302 151.20850 0.01005 153.90349
58.00000  0.00425 151.48402  0.00806 154.15624
60.00000  0.,00494 151.72357 0.00576 154.37585
62.00000  0.00520 151.93240  0.00343 154.56718
64.00000  0.00511 152.11472  0.00123 154.73414
66.00000  0.00479 152.27397 0.00070 334.8799J
68.00000 0.00431 152.41294 0.00232 335.00705
70.00000  0.00376 152.53393  0.00359 335.11771
72.00000 0.00318 152.63884 0.00454 335,21365
74.00000  0.00263 152.72922 0.00521 335.29627
76.00000  0.00213 152.80638 D0.00563 335.,36679
78,00000  0.00169 152.87135 _ 0.00587 335.42616
80.00000  0.00133 152.92501  0.00595 335.47519 Sample output
82.00000  0.00104 152.96803  0.00594 335.51449
84,00000 0.00081 153.00097 0.00585 335.54457
86.00000  0.00065 153.02421 0.00571 335.56580
88.00000 0.00056 153.03804  0,00555 335,57844
90.00000  0.00051 153.04264 0.00537 335.58264

DUAL MODE FiF, 2388 M(, 23.084 DIA APERTURE

PSE ETA ETA S EFTA I £TA X ETA P ETA B

2.0 0.04486 0. 04485 1.00005 1.00000 1.00000 1.00000
4.0 0.16808 0.16820 0.99938 0.99999 0.99998 1.00000
6.0 0.33945 0. 34065 0.99665 0.99993 0.99990 1.00000
8.0 0.51952 0.52543 0.98926 0.99980 0.99970 1.00000
10.0 0.67139 0.69046 0.97358 2.99956 0.99921 1.00000

12.0 0.7T007 0.81672 0. 94542 U.99919 0.99813 1.00000
14.0 0.80667 0.90008 0.90110 0.99872 0.99587 1.00000
16.0C 0.78695 0.94756 0.83932 0.99819 0.99129 1.00000
18.0 0.72611 0.97101 0.76310 0.99768 0.98220 1.00000
2C.0 0.64238 0.98154 0.68024 0.99724 0.96477 1.00000
22.0 0.55201 0.98658 €. 60082 (99684 0.93421 1.00000
24.0 0.46648 0.98975 0.53164 0.99642 0.88971 1.00000
26.0 0.39211 0.99218 V.47312 0.99591 0.83874 1.00000

28.0 0.33102 0.99399 0.42201 0.99531 0.79287 1.00000
30.0 0.28269 0.99517 0.37729 0.99487 0.75680 1.00000
3..0 0.24524 0.99585 0.33915 C.99477 0.72994 1.00000
34.0 0.21637 0.99628 0. 30604 0.99476 0.71338 1.00000
36.0 0.19384 0.99666 0.27676 0.99466 0.70652 1.00000
38.0 0.17572 0.99701 0.25181 0.99457 0.70374 1.00000
40.0 0.16050 0.99734 0.23081 C.99456 0.70104 1.00000
42.0 0.14706 0.99760 0.21208 0.99455 0.69886 1.00000
44.0 0.13469 0.997681 0.19471 099450 0.69711 1.00000
46.0 0.12302 0.99797 0.17921 C.99445 0.69171 1.00000
4.0 0.11194 0.99813 0. 16596 0.99445 0.67952 1.00000
50.0 0.10145 0.99831 0. 15425 Ce99444 0.66252 1.00000
5240 G.05167 2.9085) 0.14359 Ca99438 0.44300 1.00000
54.0 0.08269 0.99871 0.13386 C.99430 0.622i0 1+G0000
56.0 0.07458 0.99888 0.12514 0.99425 0.60011 1.00000
| 58.0 0.06737 099903 0.11727 V.99422 0.57838 1.00000
‘ 60.0 0.06102 0.99914 V. 10996 0.99422 0.55864 1.00000

62.0 0.05548 0.99921 0.10304 099422 0.54199 1.00000
64.0 0.05067 0.99926 V. 09641 G.99421 0.52900 1.00000
66.0 0.04650 099930 0.09014 099420 0.51924 1.00000

68.0 0.04258 0499934 V.08442 Q.99419 0.51120 1.00000
70.0 0.03972 0.99938 0.07930 Ve99419 0.50405 1.00000
| 1¢.0 0.03694 0.99943 V. 07467 0.99419 0.49792 1.00000

14.0 0.03449 0.99949 0.07043 0.99419 0.49285 1.00000
76.0 0.03230 0.99955 0.06650 0.99418 0.48877 1.00000
18.0 0.03033 0.99961 0.06285 0.99417 0.48561 1.00000
80.0 0.u285%4 0.99968 0.05942 0.99415 0.48325 1.00000
82.0 0.02690 0.9997> 0.05620 0.99413 0.48155 1.00000
d4.0 0.02538 0.99981 0.05315 0.99411 0.48041 1.00000
86.0 0.02397 0.99987 0.05027 099409 0.47967 1.00000
88.0 0.C2205 099993 0.04755 U«99406 0.47922 1.00000
90.0 0.02141 0499996 0.04496 099404 0.47891 1.00000

TOTAL RADIATED POMER (.806420€E~04 WAFTS
RESULTANT PHASE ANGLE 12.1 DEGREES
GAIN 21.81 (8
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X:"STAIR PROGRAM

<~ M. S. Katow

Since this program is to be described in detail in
Technical Memorandum 33-304, only a brief summary
will be presented here.

The Structural Analysis Interpretive Routine (STAIR)
7094 Program computes joint deflections and bar stresses
of large three-dimensional structures, i.e., the Advanced
Antenna System 210-ft reflector assembly, assuming fric-
tionless pin joints and axially loaded bars. The program
calculates gravity loads of the bars on the joints of the
structure and will accept inputted joint loads such as
panel weights, wind loading, etc. The program in For-
tran II was developed by MIT, Lincoln Laboratory,
Lexington, Mass.

To use STAIR at the Jet Propulsion Laboratory, the
program was first modified to satisfy the operational re-

NG67.28731
quirements of the Laboratory’s 7094 system. Later, én

input data generating subroutine was added to reduce
the quantity of the input cards.

For input data checking purposes, subroutines were
added to: (1) plot on the Stromberg-Carlson 4020 printer-
plotter, for position checks, the structural joint coordinates
and the bar members; (2) analyze the whole structure,
including the effects of the reaction components, for the
planar condition of all joints; and (3) sum the number of
bars at each joint and output the answers in a suitable
table for a check on the structural configuration. For more
efficient computer operation, a restarting capability was
added at selected points throughout the computation
period to recover computer time that may otherwise be
lost due to computer errors such as bad spots on tapes, etc.
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/
XT.’Z UTKU/SCHMELE PARABOLOID ;,RMS BEST-FIT PROGRAM

s T
f.. M.S.Katow and L. Schmele > 7/~

Program: 5577,000 symbolic in Jet Propulsion Laboratory
Library
Engineer: M. S. Katow

Programmer: L. Schmele

A. Program Description

This program computes the coefficients for the equa-
tion of a paraboloid of revolution that best fits, in the
least-squares sense, a set of coordinates representing
points on the surface of a deformed paraboloidal antenna.
The distortions, calculated with respect to the points on
the best-fitted perfect paraboloid described above, are the
normal and the pathlength errors. From the distortions,
a weighted RMS of one-half the path length error is
computed.

A rigid body fit, i.e., a fit without a change in focal
length of the best-fitting paraboloid, is made initially;
this is followed by a best fit that includes the focal length
change. From the computed vertex position and rotation
of the symmetrical axis (z-axis) of the best-fit paraboloid,
the RF boresight may be calculated.

Capability is provided to assign values to any of the
coefficients (i.e., the vertex x, y, and z translation and the

27128732

rotation of the symmetrical axis about x-, y- and z-axes)
of the best-fitting paraboloid before the fit.

Provision is made to combine and multiply the input
distortion data by a constant as required. Separate dis-
tortions from symmetric and asymmetric loads may also
be inputted and combined before the best fit. Field data
in the form of distortion readings at right angles to the
line of sight and its elevation angle may be inputted.

Contour plots may be generated on the Stromberg-
Carlson 4020 printer-plotter. The contour levels are
constant deviations of % pathlength from the best-fit
paraboloid. Other information on these programs may
be found in Refs. 14 and 15.?

B. Applications

The vector distortions in x-, y-, and z-directions from
the structural computing program, i.e., the STAIR Pro-
gram (X), may be evaluated with respect to the best-fit
paraboloid resulting in the RMS figure for RF evaluation.

3See also L. Schmele, “RMS/Fortran IV Program for the Calcu-

lation of Weighted Root-Mean-Square of Path-Length Change
for Paraboloidal Antennas,” Jet Propulsion Laboratory Program
Writeup 5577000, September 1965. (See also JPL Space Programs
Summary 37-40, Vol. IV.)
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Also, the individual distortion at each point or joint is
outputted for evaluation. From the vertex motion and
the rotation of the axis of symmetry, the RF boresight
direction may be computed if the position of the RF feed
system is known.

To determine the vector distortions computed by a
structural computing program for gravity loads, distor-
tions from gravity off/on for the symmetric gravity load
and the gravity off/on for the anti-symmetric gravity load
may be inputted separately. The program will multiply
the distortions by an inputted constant and combine them.
For this operation, the program is coded to use either the
first quadrant or first and fourth quadrant data.

In order to simulate the field data on distortions due
to gravity loads, the vertex and axis motion of the best-
fitting paraboloid may be assigned values determined
by the deflections of the datum targets of the theodolite.
The contour levels chart will be useful in comparing the
distortions.

C. Input
Card Parameters Format
1 TITLE 12A6

NOPT NP F C1 C2 YOFF
ZOFF XROT

32 NXOFF NYOFF NZOFF 5110

NXROT NYROT

42 XOFF YOFF ZOFF XROT |5F10.0
YROT

2110, 6F10.0

S5A" XYZUV W APN 7F10.3, 4X,
A6

5B" XYZ 6 RDZAPN 7F10.3, 4X,
A6

NP +3or| IPLOT C1 C2 C3 C4 C5 |110,7F10.4
NP + 5° C6 C7 C8 C9 8F10.4

"These cards required only for NOPT = 6 or 7, or —1.

*5A for data from analytic computation; 5B for field data,
NOPT = 5 or 6.
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TITLE =

NOPT =

NP =

Cl =

YOFF =

ZOFF =

XROT =

NXOFF,
NYOFF,
NZOFF,
NXROT,

NYROT =

XOFF,
YOFF,
ZOFF,
XROT,
YROT =

XY, Z =

UV,wW-=

any alphanumeric statement, Columns .
1 through 72

input option control, described in the
tabulation on p. 81.

number of data points, 2000 maximum.
For polar matrix plotting, the maxi-
mum number of points must be < 28
in the radial direction and < 200 in
the circumferential direction

nominal focal length

weighting factor for first set of sym-
metric data; value ignored except for
NOPT = +3 and 4

weighting factor for second set of
anti-symmetric data; value ignored ex-
cept for NOPT = +3 and +4

assigned offset of vertex Y-coordinate;
value ignored except for NOPT = +4

assigned offset of vertex Z-coordinate;
value ignored except for NOPT = +4

assigned rotation about x-axis; value
ignored except for NOPT = =+4

1 for assigned value, or 0 for value to
be computed, for X-, Y-, and Z-coor-
dinates of vertex, and rotation about
x- and y-axes, respectively

assigned values for these parameters
to be used or not used as directed by
the preceding card

coordinates of data points. Z nomi-
nally directed along axis of paraboloid.
Program recomputes Z to value for
nominal paraboloid at given X-Y coor-
dinates, and writes over any input
Z-value, if any

X, Y, and Z distortion vector compo-
nents for calculated input data.
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¢ = angle from X-Y plane, as measured by
instrument leveled to datum targets

R = deflection of data point from nominal
position, measured perpendicular to
instrument line-of-sight

DZ = Z-deflection component. Program com-
putes this value from ¢ and R and
writes over any input value

A = weighting function, normally the area
associated with the data point

PN = six-letter alphanumeric point identifi-
cation

IPLOT = —1 = no contour plots

0 = plots with program-computed contour
interval levels

N = plots with N-input contour levels
(0| <N|<L26)

C1,C2,---,CN = N-contour levelsdesired for IPLOT =N

1. Input Options

Number Quadrants for Load symmetry for which data is Assiened
NOPT Data of data which data is input (restricted to anti-sym- ara 1§2 ters
sets input metric loads about the x-axis p
0 Analytic 1 All four — None
+1 1 First Symmetric None
-1 1 First Symmetric or anti-symmetric Per Cards 3 and 4
+2 1 First (generated First and fourth quadrants, None
fourth) anti-symmetric
—2 1 First and fourth Symmetric or anti-symmetric None
+3 2 First (generated First set symmetric; second None
fourth) set anti-symmetric
-3 2 First and fourth First set symmetric; second None
set anti-symmetric
+4 2 First (generated First set symmetric; second On Card 2
fourth) set anti-symmetric
—4 2 First and fourth First set symmetric; second On Card 2
\ set anti-symmetric
+5 Field 1 All four — None
+6 Field 1 All four — Per Cards 3 and 4
+7 Analytic 1 All four — Per Cards 3 and 4
Note:

NOPT + 10 is the same as above except coordinates are input in feet and are internally converted to inches.

input data fo be in consistent linear units, and degrees.

D. Output

This program prints out pertinent input data, point-
by-point deflections relative to the computed best-fit

paraboloid, and then the parameters of the best-fit para-
boloid. Translations and rotations are given with respect
to the coordinate system of the input data. Contour plots
are output optionally.
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E. Sample Case Sample input
TEST OPTION = -3 -1.0 SYMMETRIC PLUS +1.0 ANTI-SYM HALF DISH DATA
-3 32 15C.0 -1.0 1.0
0035412 0176654 0.00021 0400678 -0403844 149947 R2111
0026+03 0130.87 =0.00011 0.00409 -0.03302 238045 L¥39¥3
0016952 0085.08 ~0e00041 0.00202 -0402716 166745 R2114
0005485 002942 -0.00003 0.00078 -0e02447 130442 R2116
0100400 0149466 0.00189 CeC0974 ~0404156 149947 R2118
0074413 0110.95 0.00021 0,00552 -0.03283 238045 RZ2TT9
0048420 0072413 ~0.0C061 0400315 -0.02655 166745 R2121
0016.67 0024494 -0.00008 0.00085 =0.02369 130442 R2126
0149466 0100400 =0+00394 0.0033]1 -0e01554 149947 R2201
0110.95 0074413 ~0.00298 0400253 -0.01637 238065 R2202
0072413 0048420 ~0.C0207 0e00211 -0401794 166745 R2204
0024494 00Té.67 ~0.00073% C.00024  -0.02180 1304.7 R220%
0176e54 0035412 ~0.01032 veC0022 0400408 149947 R2211
OT30.87 0024787 -0.CC817 V.C001I% -0.00038 238045 R2217
0085408 0016492 -0.00553 Ce00114 =-0400824 166745 R2214
0825.47 0n3%5.8% -0.00Té4 -0,00003 -0.020817 130447 R22T6
0176454 ~035412 ~0.01032 ~0.00022 0e 00409 149947 R2221
OT30.87 =074.873 ~0.CUBYI7 -U.0001% -U.C0U38 23805 R2222
0n85.08 -016¢92 -0.00552 ~0.00114 ~0.00824 166745 R2224
09«87 =UU% .85 =U.0UTB% U. 00004 ~UeUZU08T 3045 RZ27%
0149.66 -100.00 ~0,00395 -0,00331 =-0.01554 149547 R2228
UTIU. 95 078,13 =U,007298 -U,00753 -U.01&637 23805 RZ2295
G024494 ~016+67 ~0.00079 -0.00024 =-0.02180 130442 R22136
UnZ8.TU% =130.87 =0.000TT ~U.UU4UY -U.03302 23805 RZITZ
0016492 ~085.88 -0400041 ~-C4C0202 -0402716 16675 R2314
CUTZe 13 ~UGE . 20U =0 0U2Z07 =ULZUUZTIT =0« UTT9% 6675 NKZZ3T
0n35412 ~176454 0400021 -0.00678 =-0403844 1499.7 R2311
UUUS+85 U947 =0 000073 =V, 00078 =UsUZR5T 30447 RZ3TE
0100400 ~149466 0400189 =-C+00974 =0+404156 1499.7 R2318
U713 =TIUGYS UL.0U0ZT =UeUUS57 =UsU37873 2380 RZIITY
0N&LB8s20 -072¢13 -0.00041 =-0.00315 -0.02655 166745 R2321
UUT®E 7 =025 9% =0, 00008 =UL.JUUBS =U.UZ38Y T304 RZ37E
0035412 0176e54 ~0+00006 =-0,07099 0610740 149947 R2111
0026.T3 UT30.87 0.00014 -U.04919 U«068637 73805 R2ZT12Z
0016.92 0085.08 —0.006075 =-0,03913 Ce 04066 166745 R2114
UN0%.85 0079.4727 0.00003  -U0.03375 U.0128% 1304.27 RZ1T&
0100400 0149.66 -0.00115 =0.07355 0.09368 149947 R2118
UO74.173 UTTU.95 =U0. 00097 =VUWUS257 T+ U598T 23809 RZTTIY
0048420 0072.13 -0.00187 -0404158 04036595 166745 R2121
UUTE87 U024 9% =Ues0UT8L -T,U3553 T« 01317 130&.2 RZTZE
0149.66 01C0.00 =0,00004 ~U.07231 006304 149947 R2201
UTT0.95 0074.13 ~0.00143 -U.05351 T UGLE7 Z380«5 R22027
0072.13 0048.20 ~0.00173 -0.,04118 002653 166745 R2204
TOZE. 94 TOT6.867 =UL.,TCU0U0ZT =U.U03535 U.0UB7E 13047 RZ20Y%
0176454 0035412 0.00617 -0406955 0.01153 1499.7 R2211
0130.87 0024.83 0400616 —-Ua(L9315 0s01568 238045 Rg212
0085.08 0016.92 -0.00026 -0.04026 0.00890 166745 R2214
002942 0005485 0.00003 -0,U3519 0.00302 130442 R2216
C176<54 =035.12 ~0400618 -0.06955 =-0.01153 149947 Rz2221
013087 —024483 ~0.00016 ~0405315 =-0.01568 2380.5 R2222
0085408 ~016+97 000026 =-0.04026 -0.00890 166745 R2224
0029442 -005.485 -0.0C003 «03520 -0«00302 130445 R2226
C149.66 -100.00 0400004 -0407231 -0.06304 1499.7 R2228
0110.95 -074.113 0,60143 -0.0535]1 -0.04467 2380e5 R2229
0072.13 -048.20 000173 -0,04118 -0.02653 16675 R2231
0024494 -016+67 0.,0604) -0.C3536 -0.00878 130442 R2236
0035.12 ~176.54 0.00006 -0.07099 -0.10740 149947 R2311
0026403 -130.87 ~0.00014 =~0404919 =0.06637 238045 R2312
0016.52 -085.88 0.00075 -0.03%13 -0.04066 166745 R2314
0005485 ~029 .42 -0.00003 -0.03379 =-0.01264 130442 R2316
0100.00 =145.66 G.00115 -0.07355 -0.09368 1459.7 RZ2318
0074413 =110.95 0+00092 -0.05247 -0405968 238045 R2319
0V048.20 -072.13 0.00187 -0.,04158 -0.03655 16675 R2321
0016467 =024 094 000064 -0403553 =-0.01317 130402 R2326

0
-FOF
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Somple output

BEST FLT PARABOLOID WITH MINIMUM PATH LENGTH IN LEAST SQUARES SENSE

VEST OPVION = -3 -1.0 SYMRETRIC PLUS +1.0 ANTI-SYN

HALF DISH DATA

INPUT DATA FOR FIRST LOAD

- _SYRMETRIC

X _COORDINATE Y COORDINATYE 2 _COORDINATYE X_DEFLECTION Y DEFLECTION 2 DEFLECTION AREA POINT NO.
35.120 176.540 54.000 0.000 0.007 ~0.038 1499.700  R2111
26.030 130.870 29.674 -0-000 0.004 -0.033 2380.500  R2112
16.920 85.080 12.541 -0.000 0.002 =0.027 1667.500 R2il4

5.850 29.420 1.500 -0.000 0.001 -0.024 1304.200  R2116
100.000 149.660 $3.997 0.002 0.010 -0.042 1499.700 R2118
T74.130 110.950 29.675 0.000 0.006 -0.033 2380.500  R2119
45.200 72,130 12.543 <0.000 0.003 ~0.027 1667.500 R2121
16.670 24,940 1.500 -0.000 0.001 -0.024 1304.200  R2126
149.860 100.000 53,997 ~0.004 0.003 ~0.016 1499.700  R2201
110.950 74,130 29.675 -0.003 0.003 -0.016 2380.500  R2202
T2A30 48.200 12.543 <0.002 0.062 =0.018 1667.500 R2206
24.940 16.670 1.500 -0.001 0.000 -0.022 1304.200  R2209
176.340 35.120 54.000 ~0.010 0.000 0.004 1499.700 R2211
130.870 24,830 29.572 ~0.008 0.000 -0.000 2380.500  R2212
. 16.920 12.541 ~0.006 0.001 ~0.008 1667.500  R2214
29.420 5.850 1.500 -0.002 ~0.000 -0.021 1304.200  R2216
176.540 ~35.120 54.000 ~0.010 —0.000 0.004 1499.700 R2221
130.870 -24.830 29.572 -0.008 -0.000 -0.000 2380.500  R2222
85.080 <16.920 12.541 =0.001 -0.008 1667.500 R2224
29.420 -5.850 1.500 0.000 -0.021 1304.500  R2226
149.660 =100.000 $3.997 ~0.003 ~0.016 1499.700 R2228
110.950 ~T4.130 29.675 ~0.003 -0.016 2380.500  R2229
24.940 -16.670 1.500 =0.001 ~0.000 —0.b%22 1304.200 R2236
26.030 -130.870 29.674 -0, 000 ~0.004 -0.033 2380.500  R2312
16.920 -85,880 12.769 ~0.000 ~0.002 -0.027 1667.500 R2314
72.130 —-48.200 12,543 -0.002 -0.002 ~-0.018 1667.500  R2231
35.120 —176.540 54.000 0.000 ~0.007 =0.038 1499.700  R2311
5.850 -29.420 1.500 -0.000 -0.001 -0.024 1304.200  R2316
100.000 -149.660 53.997 0.002 ~0.010 —0.042 1499.700. R2318
74.130 ~110.950 29.675 0.000 -0.006 -0.033 2380.500  R2319
48.200 ~72.130 12.543 =0.000 -0.003 —-0.027 1667.500 R2321
16.670 ~24.940 1.500 =0.000 -0.001 -0.024 1304,200  R2326
___BEST FIT _PARABCLOID WITH MINIMUM PATH LENGTH IN LEAST SQUARES SENSE _ R - - -
TEST OPTION = =3 —1.0 SYMMETRIC PLUS +1.0 ANTI-SYM _ HALF DISH DATYA

S - _ ____ INPUT DATA FOR SECOND LOAD ~- ANTI-SYMMETRIC _ _ = . . _ .

X_COORDINATE Y COORDINATE  Z COORDINATE X DEFLECTION v DEFLECTION 7 DEFLECTION = AREA _ POINT NO.
35.120 176.540 54.000 -0.000 -0.071 0.107 1499.700 R21li

130,870 29.674 0.000 0.066 2380.500 k2112
85.080 12,541 -0.001 0.041 1667.500 R2114
e 5.850 _.29.420 = 1.500 _ 0.000 .—.__Be013  1304.200
100.000 149.660 53.997 -0.001 0.094 1499.700
110.950 29.675 . ~ -0.001 __ __0.060 12380.500
72.130 12.543 -0.002 0,037 1667.500
24.940 -0.001 _ - 0.013 1304.200
100. 000 ~0.000 0.063 1499.700
74.130 -0.001 0.045 2380.500
48.200 -0.002 0.027 1667.500
16.670 -0.000 0.009 1304.200
35.120 0.006 0.012 1499.700
24,830 0.000 0.016 2380.500
16.920 T T =0.000 0.009 1667.500
5.850 0.000 ..0-003  1304,200 !
-35.126 ~-0.006 =0.012 1489.700
-24.830 -0.000 _ -0.016 _ __2380.500 _R2222
“=16.920 - 0.000 -0.009 1667.500 R2224
-0.000 -0.003 1304.500 _ R22206
R 0.000 ~0.063 1499.700 R2228
- 0.001 . _2380.500 R2229
0.002 1667.500 w2231
) -16.670 0.000 13044200 _ K2236
TTTTT380120 7T T <176.540 0.000 1499.700 ~ R2311
26.030 -130.870 ~0.000 2380.500  R2312
16.920 ~85.880 6.001 1667.500 R2314
5.850 -29.420 -0.000 } ___1304.200 R2316
100.600 T T-149.660 0.001 1499.700 R2318
74.130 -110.950 0.001 2380.500 R2319

T TT48.200 T <72.130 0.002 1667.500 k2321

16.670 _—24.940 0.001 -0.013 1304.200  R2326
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YEST QPTION

Sample output {contd)

= -3 -1.0 SYMMETRIC PLUS +1.0 ANTI-SYM

SUM_OF INPUT DEFLECTIONS

__X COORDINATE _ Y COORDINATE 1 COORDINATE = X DEFLECTION Y DEFLECTION I DEFLECTION_ AREA _POINT ND.
35.120 176.540 $4.000 ~-0.000 -0.078 i 0.146 1499.700  R2111
26.030 130.870 _ 29.674 0.000 -0.053 0.099 2380.500  R2112
16.920 85.080 12.541 -0.000 -0.041 0.068 1667.500 R2i14

5.850 _ . 29.420 B 1.500 0.000 -0.035 0.037 1304.200 R2ll6
100.000 149.660 53.997 -0.003 -0.083 0.135 1499.700  R2118
74.130 110.950 29.675 -0.001 -0.058 0.093 2380.500 R2119
48.200 72.130 12.543 -0.001 -0.045 0.064 1667.500  R2121
16.670 24.940 1.500 -0.001 -0.036 0.037 1304.200 _ R2126
149,660 100.600 53.997 T 0.004 ~0.076 0.079 1499.700  R2201
110.950 74.130 29.675 0.002 -0.056 0.061 2380.500 R2202
72.130 48.200 12.543 0.000 -0.043 0.044 1667.500 R220%
26,940 16.670 1.500 04000 ~0.036 0.031 _ 1304.200 R2209
176.540 35.120 54.000 0.016 -0.070 0.007 1499.700 R2211
130.870 24,830 29.572 __ _0.008 . ~0.053 0.016 2380.500  R2212
85.080 16.920 127541 777 70.005 -0.041 0.017 1667.500 R2214
29.420 5.850 1.500 0.002 ~0.035 0.024 1304.200 R2216
176,540 -35.120 54.000 0.004 ~0.069 -0.016 1499.700 ~H2221
130.870 -24.830 29.572 0.008 -0.053 -0.015 _2380.500  R2222
85.080 -16.920 12.541 0.006 -0.039 -0.001 1667.500° R222%
294420 -5.850 _ 1.500 _0.002 -0.035 0.018 1304.500 _ R2226
149.660 -106. 000 - 53.997 0.004 -0.069 —0.048 1499.700 R2228
110.950 -74.130 29.675 0.004 -0.051 -0.028 _ . 2380.500_  R2229
24.940 “16.670 1.500 G¢.001 3 T 0.013 1304.200 R2236
26.030 -130.870 29.674 -0.000 -0.033 _2380.500 R2312
16.920 ~85.880 12.769 0.001 T -0.013 1667.500° ~ R2314
72.130 -48.200 12.543 0.004 -0.009 1667.500  R2231
35,120 -176.540 ~ T 54.600 TTTTTSe.000 T T -0.069 1499.700 R2311
5.850 _~29.420 1.500 0.000 0.012 1304,200 R2316
100.000 -149.660 53.997 -0.001 ~0.052 1499.700 ~R2318
74.130 -110.950 29.675 0.001 -0.027 2380.500__ R2319
48.200 ~72.130 12.543 0.002 -0.010 ~ 1667.500  R2321
. 16.670 ~244940 1.500 __0.001 _ 0.011 1304.200  R2326
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BEST FIT PARABCLOID WITH MINIMUM PATH LENGTH IN LEAST SQUARES SENSE

TEST OPTION = -3 -1.0 SYMMETRIC PLUS +1.0 ANTI-SYM

DISTORTIONS NORMAL TO SURFACE AND CHANGE IN PATH LENGTH (LAMBDA)
AFTER MINIMIZATION QF RMS WITH RESPECT TO RIGID BUDY MOTIUN

NORMAL

0.018

0.007
0.005
0.002

LAMBOA
___0.031
6.012
0.009
0.005
0.044
0.022
0.015
0.009
-0.006
-0.000
-0.000
0.003
-0.066

T -0.037

-0.026
-0.001
-0.026
-0.045
-0.028
-0.003
-0.014
-0.018
-0.002
0.032
0.015
-0.013
0.031
0.008
0.032
0.023
0.007
0.001

POINT NO.
R2111
R2112
R2114
R2116
R2118
R2119
R2121
R2126
R2201L
R2202
R2204
R2209
R2211
R2212
R2214
R2216
R2221
R2222
R2224
R2226
R2228
R2229
R2236
R2312
R2314
R2231
R2311
R2316
R2318
R2319
R2321
R2326

HALF DISH DATA
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Sample output (contd)

BEST FIT PARABCLOID WITH MINTMUM PATH LENGTH IN LEAST SQUARES SENSE

TEST OPTICN = -3 ~1.0 SYMMETRIC PLUS_+1.0 ANTI-SYM _ HALF DISH DATA_

DISTORTIONS NORMAL TO SURFACE AND CHANGE IN PATH LENGIH (LAMBDA)
AFTER MINIMIZATTON OF RMS WITH RESPECT TO FOCAL LENGTH CHANGE

NORMAL LAMBDA POINT NO.
0.017 0,030 R2l11
0.007 0.012 R2112

0.005 0.009 R2114

0.003 0.006 R2116

0.025 0.043 R2118

0.012 0.022 R2119

0. 008 0.05 _ RN

0. 005 0.010 R2126

~0.004 -0.007 R2201
R2202
R2204
R2209

Rz211
R2212
R2214
R2216
R2221
R2222

0.004 0.007 R2321
0.001 0.002 R2326

_BEST FIT PARABOLOID WITH MINIMUM PATH LENGTH IN LEAST SQUARES SENSE _

TEST OPTION = -3 -1.0 SYMMETRIC PLUS +1.0 ANTI-SYM HALF DISH DATA

ORIGINAL FOCAL_LENGTH = 150,000 NO. POINTS_IN ANALYSIS = 32

INPUT DISTORTIONS OBTAINED ANALYTICALLY ~- DPTION -3

RIGID BODY TRANSLATIONS IN X OfRECTION CONSTRAINED

RIGID BODY ROTATIONS ABOUT Y AXIS CONSTRAINED

RMS =-1.0000 SYMMETRIC AND 1.0000 ANTI-SYMMETRIC

MINIMIZATION OF RMS WITH RESPECT TO RIGID BUOY MOTION

RMS OF 1/2 LAMBDA WEIGHTED 8Y AKEAS =  0.012
DEVIAYION OF THE MEAN - 1/2 LAMBDAS = 0.00003
SUM-UNIT AREA®1/Z LAMBDA = 1.594

R _SUM-UNIT AREAS = 54815.498
X CCORDINATE OF VERTEX = -0.000
Y CCORDINATE OF VERTEX = 0.312

o __7 CCORDINATE OF VERFEX = .  0.02L_ _ ___ ___

o ROTATION ABOUT X AXIS = o  0.001599 i

ROTATION ABOUT Y AXIS = -5.080000

o RMS OF 172 LAMBOA WEIGHTED BY AREAS =  0.012
B NEW FCCAL LENGTH = 149.997
__ DEVIATION OF THE MEAN - 1/2 LAMBDAS =  0.00000
SUM-UNIT AREAS1/2 LAMBDA = 0.000
SUM-UNIT AREAS = 54815.498
X CCORDINATE OF VERTEX = 0.000
. XY CCORDINATE OF VERTEX = . _G.312 B
7 CCORDINATE OF VERTEX = 0.021
ROTATION ABOUT X AXIS = 0.001599

 RCTATION ABOUT Y AXIS = 0.000000 _

ALL LENGTH UNITS ARE CONSISTENT WIFH INPUT
ROTATION UNITS ARE RADIANS

res PLOTS COMPLETED wme»
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28

Output, plotted

TEST OPTION = -3 -1.0 SYMMETRIC PLUS +1.0 ANTI-SYM HALF OISH DATA TEST OPTION = -3 -1.0 SYMMETRIC PLUS +1.0 ANT!-SYM HALF D1SH DATA
RIG!D BOOY F! 7 RMS = D0.012 FOCAL LENGTH FIT RMS = (0,012
CONTOUR DEF INITIONS CONTOUR DEFINITIONS
172 AF PATMLENGTH 172 W PATMLENGTH
CRNOR- INCHES LABEL ERROA-INCHES LABEL
-0.038 A ~0.088 A
-0.030 [ ] -0.03%0 [ ]
~0.028 < =-0.028 <
~0.020 o ~0.020 o
~0.01% | 4 ~0.018 3
-0.010 r «0.010 ¥
-0.008 L3 ~0.00% 1
~-0.000 L] 0.000 L]
0.008 1 0.008 t
0.010 4 0.010 4
0.013 LS 0.018 L3
0.020 L 0.020 [N
0.023% L] 0.02% L]

200
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/1 3

{ (.
XHt! BEST-FIT PARABOLOID PROGRAM”

/. C.lawson ﬂ/ Ve

Program: MO95, binary in Jet Propulsion Laboratory
Library

Engineer: A. Ludwig

Mathematician: C. Lawson

Programmer: P. Firnett

A. Program Description®

For this program, a paraboloid is parameterized by a
set of nine numbers b,, which will be called the param-
eter vector B (|b1 ] <1, { b, | <1). The principal input
data for this problem is a set of x-y—z coordinates repre-
senting observed or computed points lying on some
structure (typically an antenna surface). The problem is
to determine the parameter vector B identifying the
paraboloid which best fits the given data.

Two different criteria of fit are available in this pro-
gram. The subroutine ZFIT minimizes the weighted sum
of squares of residuals measured parallel to the axis of
the fitted parabola. The subroutine PFIT minimizes the
weighted sum of squares of residuals measured as radi-
ation path length errors.

The parameter vector B identifies a paraboloid as fol-
lows: The first two components b, and b, specify a rigid

‘For a full discussion of the analysis and method, see “Antenna
Surface Measurements, Part 2,” Task 095, P. J. Firnett, May 15,
1965, which is filed with the Programming Analysis Group, JPL
Section 314.

N67-28733
rotation of coordinates from the system C in which the
data is given to a new system C’. The remaining com-

ponents, b;, ---, b, are coefficients of a second-degree
polynomial in the C’ coordinate system.

In the C’ system, the paraboloid is the locus of points
(X, Y, Z) satisfying:
Z = b3 + b4X + b5Y + b6X2
- b:XY + beY? + by(X? + Y?)

The transformation of coordinates between the
C system (x, y, z) and the C’ system (X, Y, Z) is given by:

{16 - B

where the 3-by-3 orthogonal matrix A is completely de-
termined by b, and b, as follows:

w=[1 b-Db]="
1
£~ l+w
1 — gb? — gb,b, — b,
A=| —gbb. 1—gb? —b,
b, b, w

Geometrically, this matrix is completely characterized
by the fact that it produces a rotation which makes the
new Z-axis [0, 0, 1]7%, coincide with the old vector
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[b,, b., w]t; the rotation is done about the line perpen-
dicular to both the old z-axis and the new Z-axis.

Using the input vector L, the user may select the
subset of the components of B to be solved for. In par-
ticular, it would be inappropriate to solve for b, and
(bs, b, bs) at the same time.

The problem is nonlinear in the parameter vector B.
The problem is solved iteratively by the standard tech-
nique of linearizing about an initial estimate of B, solving
the linear least-squares problem for a correction vector
AB, then iterating this procedure using B + AB in place
of B.

The parameter vector B was chosen for the computa-
tion because it avoids certain indeterminant cases and
reduces the nonlinearity. Other parameters of more direct
interest to the user are computed from B at the conclu-
sion of the computation. The rotation parameters b, and
b, are converted to angles ¢ and ¢ using the formulas

b,
= arctan —

¢ b,

w
6 = arctan -

When PFIT is used and (bs, b;, bs) are not solved for;
the remaining polynomial b, + b,X + b;Y + bo(X2 + X?)
may also be expressed in the form

(X —a,)* + (Y — a,)?
4f

In this case, the parameters a,, a., a, and f are computed
using the formulas

a; +

f= 4ib‘, ,a, = — 2bf. a. - Q'b’)f
and
a; = by — (bf; + b::) f

B. Applications

This program was written with the specific objective
of evaluating the surface quality of large paraboloidal
antennas; however, the formulation is very general and
other applications are possible.

In addition to the parameters of the best-fit paraboloid,
which are useful for determining optimum focusing and
pointing errors, the RMS surface error is used to predict
gain loss due to surface distortions.

The option to fit a paraboloid with an elliptical cross

where section provides information on the astigmatism of the
reflector (different focal points for horizontal and vertical
r=(b;+ b; )™ cuts), which is valuable in predicting defocusing effects.
C. Input
Card Parameters Format
HEADER® 12A6
ab BZERO ITMAX SDIN KPRINT Name list
CD DPRINT Name list
N +2 | DATE PRBTYP LVCTR LAST PNTOPT Name list
N+3 | X Y Z DX DZ¢ w ID 7F10.5, 4XA6
X Y Z DX DY DZ W ID 7F10.5, 4XA6
LAST END TTXA3

*HEADER = title printed on every output page.
*This data is optional.
“These parameters depend on PNTOP, as described below.
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The followZhg parameters are optional input, normally
not used, except for BZERO, and are set to the values
indicated unless replaced by input. See program writeup
for their significance.

BZERO = (0,0, 0 ---, 0) (floating) initial values for
the coefficients of the polynomial for Z
ITMAX = 10 (fixed)
SDIN = 0.0005 (floating)
KPRINT = 0 (fixed)
CD = 1.E-8 (floating)
DPRINT (I) = 01 = 1, 3 (fixed)

The following parameters are normally input:

DATE = month, day, year (fixed)
PRBTYP = 0 for ZFIT only
= 1 for PFIT only
= 2 for both ZFIT and PFIT (fixed)

LVCTR = nine-component vector specifying which
components of B vector are to be solved
for. For the jth component of LVCTR
=1, the jth component of B will be
solved for; for the jth component of
LVCTR = 20, the jth component of B is
constrained to equal the initial value

(fixed)
LAST = 0 except for final case in a stack (fixed)

PNTOPT = 1 for deflection data input as DX, DY,
DZ

= 2 for deflection data input as 6, R, DZ
(fixed)

JPL TECHNICAL REPORT NO. 32-979

X,Y, Z = Cartesian coordinates of nominal surface

DX, DY, DZ = deflections of actual surface from nom-
inal position, used for PNOPT = 1. In
this case, true coordinates of surface
point are computed as X = X + DX,
Y=Y+ DY,Z=7Z+ DZ

6, R, DZ = deflection data input in place of DX, DY,
and DZ for PNOPT = 2. In this case,
true coordinates of surface points are
computed as X = X, Y =Y, Z=Z +
R/COS6. DZ is dummy data

END = letters END punched in Columns 78
through 80 on a card following last data
card

If PRBTYP = 2, the program will compute ZFIT first;
prior to starting PFIT, it will read new values for any of
the parameters input by NAMELIST, if desired. These
cards are optional, but must follow the END card, and
precede the HEADER card for the next case if included.
This program takes less than 1 min for a few hundred

data points. The maximum number of data points per
case is 1000.

D. Output

A symbol table and input parameters are printed out,
then the B vector and other data. The Cartesian coordi-
nates of the data points are then pointed out in the
original and rotated coordinate systems along with the
residue (deviation from perfect paraboloid). Finally the
RMS deviation, and coordinates of the fitted paraboloid
axis and vertex are printed. For a PFIT problem, the
coordinates of the paraboloid focus are also printed.
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E. Sample Case Input

$INPUT DATE=5510565, FRBTYP=0, LAST=0s» PNTUPT=1,
LVCTR=6%152051520 %

176470420  =437426  52,00414 0400000 0400000 = 403671 _ 2.4080
154456969  —e15280 '395,80918  0,40000 0403060 - 401030 3,255
132428578 402773  29.,14G80  0,C0000 0.4G0000 = 402507 1494600
129454424 «04210 27,96737  0.00000 0400000 - ,60214  1.72200
105456285 413047 18,56917  0,00000 0400000 - ,00337 2475400
72.93408  -425958 8484247  0,00000 0400600 - ,02327 2405200
52409592 ~923853 4454126  0,00000 0400000 +401786 102000
30.70681  -423072 1,58607 0400000 0400000 +,01448 0450400
27456130 _ 20518  1,25417  0,00000 040300G - 461193 0415600
18420327 -.14476 50095  0.U0U00 0400000 = Lu5134 0413300
18417219 #09574 «50153 0400000 060GLUD = Lu4886 0413300
27456865 226083 1.28867  0,00000 0400000  +,02183 0415600
31e67264 434087 1467070 _ 04000QC | 0e0Q000C +401963 _ 0420400
56437600 $66145  4,94713 0.00000 0e00C00  +,C1849 1402000
72471165 «50239  B.84602  0e0000C  0e0CCQC  +403297 2499700
129456800  =412535 27498967  0,0000C  0e00C00  +4,00987 3456500
133409945  -420063 29.578%1  Ge00G00C  04COCL0  +405307  L1a94600
157470750  —434949 41449453  0,00000 0400000  +,04161 3425500

L7646570%  -434429 . 52401734 . 0400000.. QaCO00Q _ .$400426 . 2440800 ...
«96983 176,02622 91463040 0400000 009000 -.01320 2440800
064840 156411738 40465322 0400000 0¢G0COOC +a03120 3429500
031695 133,08984 29456289 VeCOUOC 000000 +el4122 194600
027839 129447864 21496573 V00000 Oe00CWL +e02450 1e72200
« 14063 97,88346 16400408 Geuw0GOCT 0e00LOU +eU3543 2416200

220163 72,871Q5. _8491349 0400000 QaQO0UY tab6311 1467900
022947 52463356 LeblbB26 0400000 0e00000 +el3102 1402000
004884 31436536 1464859 0400000 0400000 +eL0934 0+50400
204067 27452934 1427335 0400000 000000 relUlb24 0415600

221070 18al6032 55394 0400000 0e000V0 ta00421 0413300
205979 -18,23230 045727 G4€0000 0400000 76175 0413300
eal03482 -27457579. 1elGuU33 0au000L. . 04COC0L  =a07204 . _ 0415600
«03966 ~31,42217 le6322 0400000 Ge00OLT ~eU1338 Ge50400

029703 =53,75106 4487137  U,00000  0sluULUL  +4u3584 1402000
248666 =76408494  T.63Y01  0400UGE  0a0GUUG 1403102 2405200
©38151-104486326 18435352  0elGULS  CeOGLUS revtb4l 2410000
@61630-116451373  22,58055 uelU000  GeQ0UWU  reUb455 1450800
—e45ilbz 3454 (0,00000 0600000 | +¢0485] | 1.01600
«45853-135,182006 0400000 0400060 +407359 1494600

L. #56115=156443233  4U.52145  0.00U00 0400000  +e4lu431 3425500
€56372-1764638321 52412315 0400000  0.400000 1405318 2450500

TEST CASE 2 PFIT ONLY sas
SINPUT DATE=5,10465s PRBTYP=1,
BZERO=8¥Casles LVCTR=5%1,3%20,

LAST=0s _PNTOPT=1y _
3

176670420 _ -437426 52,00414  0,00000 000000 - ,03671  2+4080Q 5
154456969  -415280 39480718  0.00000 0.00000 - 401050 3425500 6
132428578 402773 29.14U8U  0,00000 0400000 - 402507 1494600 7
129.54424 204210 27.96737 0400000 0409000 - 00214 1472200 8
105.56285 213047 18456717 0400000 5 L00337 2415400 __ %
72493408 425958  B.84247  0,U0000 202327 2405200 10
52009592 . -=+23859 4454126 0400000 0400000 +,01786 1402000 11
B i ~423072  1.5860%  0,00000 0400000  +,01448  C450400 12
27456130 -,20518 1425417  0,00000 000000 = oG1193 0415600 13
18420327 -.l6474 2350035  0,00000 060060G - 05134  0.13300 14
18,17219 209574 250153 _0,00000 0400000 - 404886 0413300 15
27.56865 226063  1,28867  C,0002° 7 .00 +s02183 0415600 16
034087  146707C  CL.0C23L +e01963 0400400 17

$661465 4454713 0,00000 0,0000U  +,ulB63 102000 18

72.71185 «90239  B484602 0.00000  0.00WW0 +e03247 2639700 19
129056800  -412535 27498767 _0,00000 0.00000 _+,00387 2436500 20
133.09945  -,20063 29,57891 0400000 0,00000° ~+4U5307 1474600 21
157470750 -434949 51449658  0,00000  0,0000C  +404161 3425500 22
176065711  =434429 52401734  0.00000 0s00080  +400426 2440800 23
___ 496983 176,02622 51.63040  0,00000  0,00000 -,01320 2440300 3

«64840 156,11788 40.65322  0,00000 0400000  +,03120  3.25500 4

— 231895 133,08984 29,56289  0,00000 . 0.00000 _ »e04122 _ 1s74600Q 5
027839 129.47864 27,96593  0.00000 0400000  +,02460 1472200 6
—014063  97,88346 16400408 0400000 0400060  +,03543 3416200 7
020163 72,87105  8495134%  0,00000 0400000  +sL6311 1s07J00 8
9242947 52463356  4,64826  0,00000 0.00000  +eu3102 1402000 9
10

Ll

206884 31436536  1,64899  0,00000 0.00000  +.00334  G420400
004067 27,52934 1427935  0,00000  GeuGUUO +eUl0R4% 0410600 o

¢21070 18,16032 «55354 G,00000 0e0CLUO +el0W2] Cel3300 12
05979 -18,23230 45727 0400000  0,00000  -eU¥675  0e13500 13
$03482 ~27457579 1419033 0400000  6a0GULO  =~ev?704 V15600 14
03506 -31,42217 1463220 000000 SelllLul -el1338 Ueb0400 12
029793 =53,15166 4487133 0400000 GewOUUY 1eu5584 1.02000 16
— 248686 =7040b8494 7469761  0.00003. . Ge0O000 . raR2l02. . 2a02200 _A7
e38151-104,486326 18,35332 0400000 0e00ULY 1eUGLG] L 10000 18
«41636-116451373 < 057 0400000 0e0 1000 +eUdb00 1420800 9
e45116~127449434 2 123 0,00000 0,00000 +e0GBY] 1.,01600 <0
$45855-135418206 3637 0400000 ©e00000  *e0731Y  Les4600 21
W56115-156,49233 52145 0.00000 0400000 +el06Yl 3425500 P
——-226372-176468521 22412315 0400000 0e00CQRU. _ _taVillf . 2a+Q80Q .. "£ﬁé
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Input (contd)

TEST CASE 3 ZFIT FOLLOWED BY PFIT ..

SINPUT DATE=5+10+65s PRBTYP=2, LAST=0s» PNTUPT=1,
LVCIR=6%1+2021920 § . e
. 176470420 -.37426 52,00414 0,00000 0.000066 - 403671 2440800 5
154256969 -al5280 35,80918 000000 . 0200800 =~ av1050 . 3422500 e B
132.28578 02773  29,14080  0,00000 0403000 = ,v2507 1474600 7
129456424 04210 27496737  0,00000  0a00000 = 400214 72200 8
105456285 113047 1B.56917  0.00000 0s00000 - .00337  Za 15400 5
72493408 8484247 0400000 000000 - 402327 2405200 10
52409592 4454126 0400000 +e01786 1402000 11
_30,7C681 _ 1258609 0400000 040C000 _ +43] _De33600 12
27456130 1425417  0,00000 0400000 - 401193  04.5600 13
18420327 «50095  0,00000 0400000 - 405134 Cel3300 14
18417219 +50153 0400000 040CG00 - 404886 i
27456865 1.28867 0,00000 0+00600  +402183 16
3147264 1467070 0400000 0400000  +4U1963 0430400 17
54437600 4494713 040C0CC  Ca00G00  +401B49 1402000 18
72471185 8484602  0.0G6000 006000  +,03297 2499700 15
129456800 -.12535 27.98967 0400000 0400000  +.00987 3456500 20
133,09945 —o20063 29457891  0,00000 0.00000  +405307 1494600 21
157470750  -+34949 561.45458 0400000 0400000  +404161 3425500 22
276465711  —a34425 52401734 0400000  GeOCUST  +eJ0426 2440800 23
296983 176402622 51463040  0,00000 0400000 -401320 2440800 3
64840 156411786 40465322  0.00000 000080  +.03120°7 3,25500 4
. +31895 133,08984 25456285 0400000 0.00060  +,04122 1474600 5
278397 129.47864 27.96593 0400000 0.0C000  +402460 1472200 6
 «14063 97.88346 16.00408  0,00000 0400000  +433543  3.16200 _ 7
TT T 20163 72.87105 Be91249  0.0C0CO o.noooo 4406311 1467900 ]
022947 52463356  4.64826 0460000 4403102 1402000 9
T T.04BB4 31.36536 1464899 0440000 T 4400934 7 Ce50W00 T T 107
04067 27452934 1427935 0400000 0400000  reUl624  0e.5600 11
 +21070 1816032 ¢55394  0.00000 0400000  +ev0421  Jes3300 a2
205979 -18,23230 45727  0,00000 0400000 =409675  0.i3300 13
L03482 —27457579 1419033 0.00000 _ 0e000GG__ -407704 015600 14
03966 -31,42217 1563220 0.00000 04000900 -.01338 0450400 15
029753 ~53,75166 _ 4487139 0400000 0400000  +.05584 1402000 16
48686 —76408494 9469961 0400000 0.08080  +405102 2403200 17
«38151-104,86324 18,39382 0400000 0403000  +406641 2410000 _ 18
41636-116,51373 22.68059  0.00000  0.0C000 +.054<5 1450800 g
4511612949434  27,55723  0.00000 _Ce00000 4404891 1401600 20
“45B859-133,18206 29.63637  0.C0000  040C000 *.01359 1494600 21
056115-156449233 _ 40492145  0.00000 0400000 +410451 _ 3425500 _ .22
56372-176,68521 52,12315 0400000 0.00000 +409318  2.40800 23
END.
SINPUT BIERG=8%0.sles LVIIN=5%1,3%20s1 3
TEST CASE 4 ILLUSTRATES USL OF DPRINT (ZF17 ONLY) ees
SINFUT DATL=5+10905s PRBIYP=0s LAST-1s PNTOFT=1s
OPRINT=3%1s _LVCTR=6%152041%20 3 ) e e
176470420 -—.37426 < - WU3671 5
154456569 _ ~«i5280 37480518 - 01050 3425500 6
132.28578 £02773 25.1438C - .02507 1434600 H
107956426 04210 - a00214 1 a12200 2
105456282 ~ .00337  2./5400 3
72093408 8.86247 0450006 - W02327 2405200 0
52409592 £e54i26  0.00000 +.01786 1402000 11
30.70681  -423072  1e5850Y 0400000 +401443  Uel0400 12
27456130  -—420518 125417 0450000 - Wl1153  Qe15600 1
18+20327 ralbdela 450035 U LT elB134  Ledd300._ . 14
1817219 #0574 «50153 - w4886  Ue.3300 15
27456865 26083 1428867  0aGCU00  Ge0LO0G 4402183
31e47204 434087 1467070  0.0G000  0e0CWwl  +e01563
54437600 66145 4454713 0,0C000  0e0G00C . +evlBay
72471185 250237 Bed4b02  0e00000  GeGOGuL 1403297
129456800 _ —,12535 27.%8767 .. 040000 +aQ0987
133409945  =,20063 <ve5785i  $e000C0 +e9530
157270750  —436947 41449458  0,00000 +e04161
176665711  —o34425 52401734 0400000 +au0l26
 «96983 176402622 51463040 Ue00000 -+321320
64840 156011788 4065322 0400000  0e006GI  +403120
L +31895 133,083B4 23456285 000000G__ Q.08woy . +eysli2
27839 12747864 27456593  040000C  04C00GC  +4(2460 6
L 14063 9788346 16400408 0400000 0400660 +.035a3 3e.6200,. .. .. 7
220163 72487105 8491345 0400000  $e0CCCC 3&111 1467500 8
022947 52463355  4464B26  0,00000  0.0CGCO fqul 1e02000 . 5
T 04B84 31436536  1e6485%  0a00C00  Te2lul0 +.uw93“ 0420400 N
J04067_ 27452934 1,27935 _ 050000G__ 0400000 4401624 _ 015600 . .. . 11
«21070 1B416032 255394  0e00000  0e07G00  +400421 0413300 12
«05979 -18,23230 45727 0400000  0,00000 -.09675 O E i3
03482 -27.57579 1419033  0,00000  0,00000  =407704  04.5600 14
403966 -31,42217  1.63220  0,00000  0,00000 = -,01338 = 0.20400 15
T .29753 75166 4487135 0.00000 0400000  +405584 1.uzooo 16
J4B6B6 ~76,08494 9469961 0400000  0,00000  +405102 2405200 7
38151-104eB6324 1B+39.82  0.00000 0.00080  +.06641 2410000 16
c41636-116451373 22.68059  0.00000  G.0Q0060  +,05455  1,50800 9
27499723  0,00000  0.00000  +4,04891 1401600 20
45859-133,18206 29463637  0,00000  0.00000 — +,07359  1.54600 21
56 115-156.49233 40452145  0,00000 0000000  +410451 3425500 22
156372-176468521 52412315  0,00000 0400000  +.09318 2440800 23
END
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$ENTRY

SYSTEM

ASMMNN

IBLOR

FILE BLOCK CRIGIN

NUMBER OF FILES -

1.
2.

UNITOS
UNITO®

FILE LIST ORIGIN

PRE~EXECUTICN INITIALIZATICN
CALL ON OBJECT PROGRAM

0BJECT PRUGRAM

(e -~ INSERTIONS OR DELETIONS MADE IN THIS DECK)

INPUT - QUTPUT BUFFERS

UNUSED CO

EXECUTION

DECK
DECK
CECK
QECK
CECK
CECK
DECK
DECK
DECK
DECK
SUBR
SUBR
SUBR
SUBR
SUBR
SUBR
SUBR
SUBR
SUBR
SUBR
Suer
SUBR
SUBR
SUBR
SUBR
SUBR
SUBR
SUBR
SUBR
SUBR
SUBR
SUBR
SUBR
SUBR
SUBR
SUBR
SUBR
SUBR
SUBR
SUBR

RE

*ASMMNN®
CZFIT
TPFRIT ¢
TAMAT ¢
*RES ‘'
YQES .
*VERTX *
‘ccov ¢
'RTOS
*STPRGS?
'.IBSYS?
«10EX *

' .ERAS.?
*XIT ‘
*FXEM ¢
*FOUT ¢
*FCNV ¢
*Flus ¢
‘FIOH
*FSEL ¢
‘FWRD ¢
‘FRDD ¢
*FROU
‘UNOS ¢
YUNOE
‘FIou ¢
*FSCN
*FSQR ¢
*FATN *
*FSLOI
*FSLL ¢
*FSLDO ¢
*FSLO
*.10CS
*.10CSM*

164200

Sample output

MEMORY

s eec v sy

2

03004
17354
22306
26172
26641
27373
30044
30651
31070
31256
00000
00702
02652
35176
35716
36135
36274
36665
36671
36672
37256
37620
42310
42536
43577
44017
44046
44100
44136
44137
44143
46223
46434
46541
46747
47014
47060
47115
47151
52736

00C00 THRU

02720

02750
02754
027717

03004 THRU

52736 THRU

77622 THRY

02717

527135

77621

17177
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Sample output

se SYMBOL TABLE s»

|
|
|
|
|
|
|
|
TEST CASE 1 ZFIT ONLY ...
SYMBOL  DEFINITION
ZFIT PARABOLOID F1T BASEC ON MINIMIZING SUM OF WEIGHTED SQUARES OF Z DISTANCES
PFLT PARABCLOID FIT BASEC ON MINIMIZING SUM UF WEIGHTED SQUARES OF PATH LENGTH ERRORS
c RECTANGULR CARTESIAN COORDINATE SYSTEM IN WHICH DATA POINTS ARE GIVEN
CPRIME  RECTANGULAR CARTESIAN COORDINATE SYSTEM IN WHICH PARABOLOID IS PARAMETERIZED WITH AXIS PARALLEL YO Z-AXIS
8 YHE COEFFICIENT VECTOR (814B2y...989) WHICH CEFINES THE PARABOLOID AND IS DETERMINED BY THE PROGRAM
80 THE INITIAL VALUE VECTOR OF 8
L THE INPUT VECTOR CF INTEGERS (L1,0L2y..e9L9} SUCH THAT THE VALUE OF LJ DETERMINES WHETHER BJ IS 1O BE COMPUTED
PRBTYP  INPUT INTEGER SPECIFYING TYPE OF FIT DESIRED 0=ZFIT 1=PFIT 2=8OTH
PNTOPT  INPUT INTEGER SPECIFYING FORMAT OF CARDS CONTAINING DATA POINTS
|
|
|
|

LAST INPUT ENTEGER O=ANOTHER CASE FOLLOWS 1=THIS IS LAST CASE
1TMAX CPTICNAL ENPUT PARAMETER USED BY STPRGS
SDIN CPTICNAL INPUT PARAMETER USED BY STPRGS
KPRINT OPTICNAL INPUT PARAMETER USED BY STPRGS
co CPTICNAL INPUT PARAMETER USEC BY STPRGS
L NUMBER UF DATA PCINTS
PRBTIYP  PNTCPT LAST
o 1 0
ITMAX KPRIAT SDIN
10 0 0.5000000E-03 1.0000000t-08

DPRINT(1)= C DPRINT{2}= O UPRINT{3)= O

M= 40

TEST CASE L ZFIT ONLY a.. |
THIS 1S A ZFET PRUBLEM

BC

N
[ Y
©
'

20 0.

ZFIT IS INSTRUCTED TU PROCUCE AN ELLIPTIC PARABULCID BY DETERMINING THE 7 PARAMETERS

|
|
|
|
|
|
|
|
|
|
|
|
81 |
82

83

B4

BS

86 ‘
1} ‘

WHILE HOLCING FIXED THE 2 PARAMETERS

87= 0.
89= O.
UNDERFLGW AT 32520 IN MQ SET= ZERO.

89 |
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Sample output (contd)

TEST CASE 1 ZFIT ONLY ...
PARAMETER VECTOR

Bl= 0.1163C099E-02
B2z 0.4007394£-02
83= 0.5255177€-01
84= 0.1617064€E-02
B85= 0.4101518t-02
B6= 0.1664591£-02

B7= 0.
B88= 0.1669C48E-02
B9= 0.

IN SYSTEM CPRIME oue
Z=B34B4sX+BSaY+BLEXOR24BToX0Y+BBOYRR24BIn (X424 Y002)
STANDARD DEVIATION OF DATA= 0.4061379E-01
COVARIANCE MATRIX OF CUEFFICIENTS

1 2 3 4 5 6
0.27572E-05 0.22614E-08 0.2B788E-06 0.30962E-05 0.23469€E-08 0.35991E-10
0.22614€E-08 0.25772E-C5 ~0.45520E-07 0.235236-08 0.28918E-05 0.18486E-10
0.2878BE-06 ~0.455206-07 0.16477E-03 0.34008E-06 -0.55604E-07 -0.74346E-08
0.30962E-05 0.23523E-C8 0.34008E-06 0.34B18t-05 0.24419E-08 0.38852E-10
0.23469E-08 0.28918E~05 ~0.55604E~07 0.24419E-08 0.32497E-05 0.21013E-10
0.35991E-10 0.18486E-10 -0.74346E-08 0.38852E-10 0.21013E-10 0.56102E-12

~0.66585E-11 0.48910E-10 -0.75338E-08 -0.82351€-11 0.55546E-10 0.34035¢-12

~NOoOWMESWN -

OIRECTICN COSINES OF AXIS OF PARABOLOID

u v w
0.1163099€-02 0.4007394E-02 0.9999913E 00
COVARIANCE MATRIX DF PHI AND THETA

0.5169707E 03 0.3941120E-01
0.3941120€-01 0.8510499€E-02

ROTATION MATRIX A
0.9999993E 00 -0.2330509E-05 -0.116309%E-02

-0.2330509€-05 049999920t 00 -0.4007394€-02
0.1163099€-02 0.4007394¢t-02 0.9999913E 00

90

T
-0.66585E-11
0.48910€E~10
-0.75338E-08
-0.82351£-11
0.55546E-10
0.34035€E-12
0.57509E-12




TEST CASE 1 ZFIT ONLY ...

I IDENY WEIGHT
1 5 1.5046
2 6 2.0338
3 7 1.2159
4 L] 1.0760
5 9 1.7208
6 10 1.2822
7 i1 0.6373
8 12 0.3149
9 13 0.0975

10 14 0.0831

11 15 0.0831

12 16 0.0975

13 17 0.3149

14 i8 0.6373

15 19 1.8726

16 20 2.2275

17 2} 1.2159

18 22 2.0338

19 23 1.5046

20 3 1.5046

21 4 2.0338

22 5 1.2159

23 6 1.0760

24 7 1.9757

25 8 1.0491

26 9 0.6373

27 10 0.3149

28 11 0.0975

29 12 0.0831

30 13 0.0831

31 14 0.0975

32 15 0.3149

33 16 0.6373

34 17 1.2822

35 18 1.3122

36 9 0.9422

37 20 0.6348

38 21 1.2159

39 22 2.0338

«0 23 1.5046

3UM OF WEIGHTED SQUARES= (.54432840-01

X
-176.7042
-154.5697
-132.2858
-129.5442
-105.5628

~12.9341
-52.0959
-30.7068
-27.5613
~18.2033
18.1722
27.5686
31.4726
54.3760
72.7118
129.5680
133.0994
157.7075
176.6571
-0.9698
-0.6484
-0.3189
~0.2784
0.1406
~0.2016
~0.2295
-0.0488
0.0407
0.2107
-0.0598
-0.0348
0.0397
0.2975
0.4869
0.3815
0.4164
0.4512
0.4586
0.5611
0.5637

AEIGHTED RMS= 0.3688931D-C1

Sample output (contd)

COORDINATE SYSTeM C
Y

~0.3743
-0.1528
C.0277
0.0421
0.1305
-0.2596
-0.2386
~0.2307
-0.2052
-0.1447
0.0957
0.2608
043409
0.6614
0.9024
~0.1253
-0.2006
—0.3495
~0.3443
176.0262
156.1179
133.0898
129.4786
97.8835
72.8710
52.6336
31.3654
27.5293
18,1603
-18.2323
-27.5758
-31.4222
-53.7517
-76.0849
-104.8632
-116.5137
~129.4943
-133.1821
-156.4923
~176.6852

SPHERICAL CCCRDINATES OF AXiS OF PARABULDIC

PHE THETA
(DEG.) (DEG. )

73.8152 a9,

1609

VERTEX OF PARASBOLOID

X A\
-0.4856634E~CC -0.122849CE 01

z
0.5512768k-01

z
51.9674
39.7987
29.1157
27.9652
18.5658

8.8192
4.5591
1.6006
1.2422
Ca.4496
C.4527
1.3105
1.6903
4.9656
8.8790
27.9995
29.6320
41.5362
52.0216
51.6172
40.6844
29.6041
27.9905
16.0395
8.9766
4.6793
1.6583
1.2956
0.5581
0.3605
1.1133
1.6188
4.9272
S.7506
18.4602
22.7351
28.0461
29.7100
41.0260
52.2163

COCRDINATE SYSTEM CPRIME
X Y

-176.7645
-154.6159
~132.3196
-129.5767
-105.5844
—T2.9443
-52.1012
-3.07C9
=27.5627
~18.2038
18.1717
2745671
31.4707
54.37C2
72.7015
129.5353
133.0649
157.6591
176.5965
-1.03C3
~0.6961
~0.3537
~0.3112
0.1217
-0.2122
~042350
~0.0508
0.0391
0.2100
-0.06C2
-0.0361
0.0379
0.2919
0.4757
0.36C3
0.3902
G.4188
0.4243
0.5138
0.5034
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-0.5821
-0.3119
~0.0886
-0.0697
0.0563
-0.2947
~0.2567
-0.0237
~0.2101
~0.1465
0.0939
0.2555
0.3340
0.6414
0.8666
~0.2379
~0.3197
~0.5163
-0.5532
175.8180
155.9536
132.9701
129.3654
97.8184
72.8345
52.6144
31.3585
27.5239
18.1579
-18.2336
-27.5800
~31.4284
-53.7710
~76.1234
-104.9364
-116.6039
-129.6057
-133.3000
~156.6555
-176.8930

4
51.7600
39.6179
28.9617
27.8145
18.4434
8.7333
4.4975
0.1564
1.2094
0.4279
0.4742
1.3436
1.7283
5.0315
B8.9671
28.1495
29.7857
41.7179
52,2252
52.3210
41.3089
30.1368
28.5088
16.4318
9.2683
4.8899
1.7840
1.4059
0.6312
0.2874
1.0027
1.4929
4.7121
9.4462
18.04C3
22.2685
27.5275
29.1765
40.3991
51.5085

RESIDUE
R

~0.0162
0.0227
-0.0209
0.0231
0.0044
~0.0573
0.0116
-0.0008
-0.0624
-0.1463
~0.1578
-0.0197
~0.0253
~0.,0330
-0.0060
-0.0425
0.0455
0.0363
~0.0236
~0.0463
0.0233
0.0287
-0.0062
0.0076
0.0632
0.0015
-0.0384
-0.0240
-0.0466
-0.2452
-0.2062
~0.0794
0.0538
0.0330
0.0384
0.0002
-0.0305
0.0126
0.0278
~0.0662

o1
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Sample output

TEST CASE 2 PFIT ONLY ...
se SYMBOL TABLE es

SYMBOL CEFINITION
IF1T7 PARABOLOID FIT BASED ON MINIMIZING SUM OF WEIGHTED SQUARES CF Z DISTANCES
PFIT PARABOLUID FIT BASEC UN MINIMIZING SUM UF WEtIGHTED SQUARES OF PATH LENGTH ERRORS
C RECTANGULR CARTESIAN COORDINATE SYSTEM IN WHICH DATA POINTS ARE GIVEN
CPRIME RECTANGULAR CARTESIAN COORDINATE SYSTEM IN WHICH PARABOLOID IS PARAMETERIZED WITH AXIS PARALLEL TO Z-AXIS
B THE COEFFICIENT VECTOR (B1,B2y...y89) WHICH DEFINES THE PARABOLOID AND IS DEVERMINED BY THE PRUGRAM
80 THE INITIAL VALUE VECTOR OF B
L THE INPUT VECTOR OF INTEGERS (L1sL2yee.+L9) SUCH THAT THE VALUE OF LJ DETERMINES WHETHER BJ IS TO BE COMPUTED
PRBTYP INPUT INTEGER SPECIFYING TYPE OF FIT DESIRED O0=ZFIT 1=PFIT 2=80TH
PNTOPT INPUT INTEGER SPECIFYING FORMAT OF CARDS CONTAINING DATA POINTS
LAST INPUT INTEGER 0=ANOTHER CASE FOLLOWS 1=THIS IS LAST CASE
[ TMAX CPTICNAL INPUT PARAMETER USED BY STPRGS
SOIN GPTICNAL INPUT PARAMETER USED BY STPRGS
KPRINT UPTICNAL INPUT PARAMETER USED BY STPRGS
co OPTICNAL INPUT PARAMETER USED BY STPRGS
L] NUMBER UF DATA PQINTS
PRBTYP  PNTCPT LAST

t 1 0
[TMAX KPRINT SDIN (o]

10 0 0.5000000£-03 1.0000000E-~08

DPRINT{L)= C DPRINT(2)= O ODPRINT(3)= O

M= 40

TEST CASE 2 PFIT ONLY ...

THIS IS A PFIT PRUBLEM

L 8C
1 0.
1 0.
1 0.
1 0.
1 0.
20 0.
20 0.

20 0.

1 1.0000COCE QO

PFIT IS INSTRUCTED TO PRODUCE A CIRCULAR PARABOLGID BY DETERMINING THE 6 PARAMETERS
(2]

B2

83

B4

BS

89

92




Sample output (contd)

TEST CASE 2 PFIT ONLY ...
PARAMETER VECTCR

Bl= 0.1696527€-02
B2= 0.3768811£-02
B83= 0.4926302E-01
B4= 0.22C7515&-02
BS5= 0.3830187€-02

86= 0.
87= 0.
88= 0.

89= 0.1667018E-02

IN SYSTEM CPRIME <.

1=834B4eX+B5eY+B6aXws24BToXeY+BBOYRa24BT0(Xnn2¢Yau2)

STANDARD CEVIATICN OF DATA= 0.1C37703E-00

COVARIANCE MATRIX GF COEFFICIENTS

1 2 3

O S W

DIRECTECN CUSINES UF AXIS OF PARABULOIO

u v w
0.1636527€-02 0.3768811£-02 0.9999915E 00
CUVARIANCE MATRIX OF PHI AND THETA

0.1203612f 04 0.1085629€E-00
0.1085629£-00 0.1985528E-01

ROTATEUN #ATRIX A

0.9999986E 00 =-0.3196958E-05 -0.1696527€-02
~-G.3136958£-05 0.9999929¢ 00 -0.3768811E-02
0.1696527£-C2 0.3768811E-02 0.9999915€ 00

TEST CASE 2 PFIT ONLY ...
COVARIANCE PATRIX UF  (PHI THETA,Al,A2443,F)

0.3666412E-00 0.3307015E~-04 0.4675833E-00
0.3307015€-04 0.6048265E-05 0.8734562E-03
0.4675833L-00 0.8734562t-03 0.7117439E 00
~0.1979604E-0C 0.1825528E-02 0.10237976-02
0.1859664E-03 0.8938656E-05 0.1449408E-02
0.6721992£-03 0.8649086E-05 0.1936276£-02

0.63291£-05 0.102006-CT7 0.32425E-06 0.T70708E-05
0.10200E-07 0.59820£-C5 -0.16593E-06 0.10784E-07
0.32425€-06 -0.16593€-C6 0.31618k-03 0.39913E-06
0.70708¢t-05 O0.10784E-C7 (.39913E-06 0.79118E-05
0.11013£6-07 0.66698E-05 ~0.19620E-06 0.11658E~07
0.67624t-10 0.74991E-10 -0.15161€-07 0.73120E-10

4 5

-0.1979604E-00
0.1825528E-02
0.1023797E-02
0.67C1083E 0O
0.2617341E-02
0.2230510E-02

6

0411013€E-07 0.67624E~10
0.6669BE~05 C.74991£-10
-0.19620E~06 -0.15161E-07
0.116586-07 C.73120E-10
0.74492E-05 C.85024E-10
0.85024E-10 0.10273¢-11

0.1859664£-03
0.8938656€E~05
0.1449408E-02
0.2617341E-02
0.3293679€-03
0.1376938E-02

0.6721992€-03
0.8649086E-05
0.1936276E-02
0.2230510€-02
0.1376938E-02
0.8314077¢-02
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Sample output (contd)

TEST CASE 2 PFIT ONLY ...

COORCINATE SYSTEM C

1 IDENT WEIGHT X Y
1 5 1.5046 -176.7042 =043743
2 6 2.0338 -154.5697 -0.1528
3 7 1.2159 -132.2858 0.0277
4 8 1.0760 -129.5442 0.0421
5 9 1.7208 -105.5628 0.1305
6 10 1.2822 =72.9341 -0.2596
7 11 0.6373 =52.0959 -0.2386
8 12 0.3149 -30.7068 -C.2307
9 13 0.0975 -27.5613 -0.2052
10 14 0.0831 -18,2033 =0.1447
11 15 0.0831 18.1722 0.0957
12 16 0.0975 27.5686 0.2608
13 17 0.3149 31.4726 0.3409
14 18 0.6373 54,3760 0.6614
15 19 1.8726 72.7118 0.9024
i6 20 2.2275 129.5680 -0.1253
17 21 1.2159 133.0994 -0.2006
18 22 2.0338 157.7075 -0.3495
19 23 1.5046 176.6571 -0.3443
20 3 1.5046 -0.9698 176.0262
21 4 2.0338 -0.6484 156.1179
22 5 1.2159 -0.3189 133.0898
23 6 1.0760 -0.2784 129.41786
24 7 1.9757 0.1406 97.8835
25 8 1.0491 ~0.2016 72.8710
26 9 0.6373 -0.2295 52.6336
27 10 0.3149 -0.0488 31.3654
28 11 0.0975 0.0407 27.5293
29 12 0.0831 0.2107 18.1603
30 13 0.0831 -0.0598 -18.2323
31 14 0.0975 -0.0348 -27.5758
32 15 0.3149 0.0397 -31.4222
33 16 0.6373 0.2975 ~53.7517
34 17 l.2822 0.4869 -76.0849
35 18 1.3122 0.3815 ~104.8632
36 9 0.9422 0.4164 -116.5137
37 20 0.6348 0.4512 -129.4943
38 21 1.2159 0.4586 -133.1821
39 22 2.0338 0.5611 -156.4923
40 23 1.5046 0.5637 -176.6852

SUM OF WEIGHTED SQUARES= 0.3661215D-00
1/2 LAMBDA WEIGHTED RMS=* 0.47835750-01
SPHERICAL CLORDINATES OF AXIS OF PARABULUOID
PHI THETA
{DEG.} (DEG.)
65.7652 89.7632

VERFEX OF PARABOLOID

X Y 4
-0.6620318E 00 -0.1148629E 01 0.5178468E-01

z
51.9674
39.7987
29.1157
27.9652
18.5658

8.8192
445591
1.6006
1.2422
0.4496
0.4527
1.3105
1.6%03
4.9656
8.8790
27.9995
29.6320
41.5362
52.0216
51.6172
40,6844
29.6041
27.9905
16.0395
8.9766
4.6793
1.6583
1.2956
C.5581
C.3605
1.1133
l1.6188
4.9272
9.7506
18.4602
22.7351
28,0461
29.7100
41.0260
52.2163

X
-0.4076064L-00

COCRDINATE S
X

-176.7921
-154.6370
-132.3350
-129.5915
-105.5942
-72.9489
-52.1036
-3.0709
-27.563¢4
-18.2040
18.1714
27.5664
31.4697
54.3675
12.6967
129.5203
133.0490
157.6368
176.5686
-1.0580
-0.7179
~0.3696
~0.3263
0.1131
-0.2171
-0.2376
-0.0518
0.0384
0.2C97
-0.0603
-0.0366
0.0370
0.2893
0.47C6
0.3505
0.3782
0.4C40
G.4C86
0.4920
0.4757

Y
-~0.5695
-0.3023
-0.0816
-0.0629

0.0608
-0.2926
-0.2556
-0.0237
-0.2098
-0.1464

0.0940

0.2558

0.3344

0.6426

0.8687
-0.2313
-0.3127
-0.5065
-0.5409

175.8304
155.9634
132.9773
129.3722
97.8223
72.8367
52.6156
31.3589
27.5243
18.1581
-18.2335
-27.5798
-31.4280
~53.7698
-76.1211
~104.9321
~116.5986

-129.5991

-133.2931

-156.6458

-176.8807

FOCUS CF PARABOLOIC

-0.5834263t 00

Y

YSTEM CPRIME

z
51.6658
39.5355
28.8912
27.7454
18.3870

8.6944
4.4698
0.1548
1.1947
0.4182
0.483%
1.3582
1.7450
5.0603
9.0057
28.2186
29.8568
41.8021
52.3196
52.2785
41.2713
30.1049
28.4778
16.4085
9.2508
4.8772
1.7764
1.3994
0.6269
0.2917
1.0093
1.5004
4.7251
9.4646
18.0655
22.2965
27.5586
29.2085
40.4368
51.5509

z
0.1500189¢ 03

RESIDUE
Q
~0.1412
-0.0540
-0.0996
-0.0226
-0.0300
-0.1209
0.0210
-0.0010
-0.1180
-0.28406
=0.3115
-0.0391
-0.0517
-0.0765
-0.0350
~0.1360
0.0087
~0.0281
-0.1329
0.0270
0.1191
0.1151
0.0545
0.0582
0.1492
0.0230
-0.063%
-0.0362
-0.0837
~0.4821
-0.4014
-0.1486
0.1190
0.0868
0.1109
0.0510
0.0092
0.0848
0.1274
0.0329




TEST C

SYMBOL

IFIT
PFIT

c
CPRIME
8

B8O

L
PRBTYP
PNTOPT
LAST
1TRAX
SDIN
KPRINY
(4]

"

PRBTYP
2

TTMAX
10

DPRINT{

M= 40

Sample output

ASE 3 ZFIT FULLOWEL BY PFIT ...
#s SYMBOL TABLE es
CEFINITION

PARABOLCID FIY BASED ON MINIMIZING SUM OF WEIGHTED SQUARES OF Z CISTANCES

PARABOLUID FIT BASED ON MINIMIZING SUM UF WEIGHTED SQUARES OF PATH LENGTH ERRORS

RECTANGULR CARTESIAN COORDINATE SYSTEM IN WHICH UATA PUINTS ARE GIVEN

RECTANGULAR CARTESIAN COORDINATE SYSTEM IN WHICH PARABOLOID IS PARAMETERIZED WITH AXIS PARALLEL YO Z-~-AXIS
THE COEFFICIENY VECTOR (BlyB2y.eeyB9) WHICH DEFINES THE PARABCLOID AND IS DETERMINED BY THE PROGRAM

THt INITIAL VALUE VECTOR OF 8

THE INPUT VECTOR CF INTEGERS (L1¢L2+.009L9) SUCH THAT THE VALUE OF LJ DETERMINES WHETHER BJ IS TO BE COMPUTED
INPUT INTEGER SPECIFYING TYPE OF FIT DESIRED O0=ZFIT 1=PFIT 2=80TH

INPUT INTEGER SPECIFYING FORMAT OF CARDS CONTAINING DATA PDINTS

INPUT INTEGER O=ANOTHER CASE FOLLOWS 1=THIS IS LAST CASE

OPTICNAL INPUT PARAMETER USED BY STPRGS

CPTICNAL INPUT PARAMETER USED BY STPRGS

OPTICNAL INPUT PARAMETER USED BY STPRGS

CPTIGNAL INPUT PARAMETER USED BY STPRGS

NUMBER OF DATA POINTS

PNTCPT  LAST
1 0

KPRINT SDIN
4] 0.5000000€-03 1.0000000£~08

1)= C DPRINT(2)= O DPRINT(3)= O

TEST CASE 3 ZFIY FOLLOWED BY PFIT ...

THEIS IS A ZFIT PROBLEM

~N
o N
o
.

N
(=]
o
.

ZFIT 1S

80

INSTRUCTED TU PRODUCE AN ELLIPTIC PARABOLOID BY DETERMINING THE 7 PARAMETERS

Bl
B2
83
B84
B85
86
B8

WHILE HOLCING FIXED THE 2 PARAMETERS

B?7= 0.
89= 0.
UNDERFLCw AT 32520 IN MmQ SET= ZERO.
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TEST CASE 3 ZFIT FULLOWEL BY PFIT ...
PARAMETER VECTCR

8l= 0.1163C99E-02
B2= 0.4007394E-02
B3= 0.5255177c-01
B4= 0.1617C64E-02
B5= 0.4101518E-02
B6= 0.1664591€-02

B7= 0.
B8= 0.1669048E-02
89= 0.

IN SYSTEM CPRIME ...

Sample output (contd)

I=2B34B4*X+B5#Y+ROAXRR2+BToXeY+BBaYRa24BF (X 824Y0u2)

STANDARD CEVIATICN OF DATA= 0.4061379€-01

COVAR[ANCE MATRIX OF COEFFICIENTS

)3 2 3

NV S W -

DIRECTION COSINES OF AXIS OF PARABULOID

v v L
0.1163099E-02 0.4007394E-02 0.9999913E 00
COVARIANCE MATRIX OF PHI AND THETA

0.51697C7E 03 0.394112CE-O1
0.394112CE-0L 0.8510499E-02

ROTATION MATRIX A
0.9999993E 00 -0.2330509E-05 -0.1163099€-02

-0.2330509k-C5 0.9999920E 00 -0.4007394E-02
0.1163099E-02 0.4007394E-02 0.9999913k 00

4 5

0.27572E~05 0.22614E~08 0.28788E-06 0.30962E~05 0.23469E-08
0.22614€-08 0.257726-C5 -0.45520t-07 0.23523E6-08 0.28918E-05
0.28788E-06 -0.45520£~C7 0.16477E~03 0.34008E~06 -0.55604E-07
0.30962E-05 0.23523E-08 0.34008E~06 0.3481BE-05 0.24419€-08
0.23469E~08 0.28918E~05 -0.55604t~07 0.24419€E-08 0.32497€-05
0.35991E~10 0.18486E-10 -0.74346E~08 0.38852E-10 0.21013E~10
~0.66585E-11 0.489106~10 -0.75338E-08 -0.82351E-11 0.55546E~10

L]
0.35991£-10
0.18486E-10

~Ca74346E-08
0.38852E-10
0.21013E-10
0.56102€-12
0.34035E-12

7
-0.66585€E-11
0.48910€E-10
-0.75338€E-08
-0.82351€-11
0.55546E-10
0.34035E-12
0.57509E-12
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Sample output (contd)

TEST CASE 3 ZIFIT FOLLOWEC BY PFIT ...

COORDINAYE SYSTEM C CODRDINATE SYSTEM CPRIME RESIDUE
1 IDENT HEIGHT X A z X Y 4 R
1 5 1.5046 -176.7042 -0.3743 51.9674 -176.7645 -0.5821 51.7600 ~0.0162
2 6 2.0338 -154.5697 -0.1528 39.7987 ~154.6159 -0.3119 39.6179 0.0227
3 7 1.2159 -132.2858 0.0277 29.1157 -132.3196 -0.0886 28.9617 -0.0209
4 8 1.0760 -129.5442 G.0421 27.9652 -129.5767 -0.0697 27.8145 0.0231
5 9 1.7208 -105.5628 0.1305 18.5658 ~105.5844 0.0563 18.4434 0.004%
& 10 1.2822 -T72.9341 ~0.2596 8.8192 -72.9443 -0.2947 8.7333 -0.0573
7 11 0.6373 -52.0959 -0.2386 445591 -52.1012 -0.2567 4.4975 C.0L116
8 12 0.3149 -30.7068 -0.2307 1.6006 -3.07C9 -0.0237 0.1564 -0.0008
9 13 0.0975 -27.5613 ~0.2052 1.2422 -27.5627 -0.2101 1.2094 ~0.0624
10 14 0.0831 -18.2033 ~0.1447 0.4496 -18.2038 -0.1465 0.4279 ~0.1463
11 15 0.0831 18.1722 0.0957 C.4527 18.1717 0.0939 0.4742 -0.1578
12 16 0.0975 27.5686 0.2608 1.3105 27.5671 0.2555 1.3436 -0.0197
13 17 0.3149 31.4726 0.3409 1.6903 31.47C7 0.3340 1.7283 ~0.0253
14 18 0.6373 54.3760 0.6614 4.9656 54.37C2 0.6414 5.0315 -0.0330
15 19 1.8726 12.7118 0.9024 8.8790 72.7015 0.8666 8.9671 -0.0060
16 20 2.2275 129.5680 ~0.1253 27.9995 129.5353 -0.2379 2841495 -0.0425
17 21 1.2159 133.0994 -0.2006 29.6320 133.0649 -0.3197 29.7857 0.0455
18 22 2.0338 157.7075 ~0.34595 41.5362 157.6591 -0.5163 41.7179 0.0363
19 23 1.5046 176.6571 ~0.3443 52.0216 176.5965 -0.5532 52.2252 -0.0236
20 3 1.5046 -0.9698 176.0262 51.6172 -1.03C3 175.8180 52.3210 -0.0463
21 4 2.0338 -0.6484 156.1179 4C.6844 -0.6961 155.9536 41.3089 0.0233
22 S 1.2159 ~0.3189 133.0898 29.6041 -0.3537 132.9701 30.1368 0.0287
23 [} 1.0760 -0.2784 129.4786 27.9905 -0.3112 129.3654 28.5088 -0.0062
24 7 1.9757 0.1406 97.8835 16.0395 0.1217 97.8184 16.4318 0.0076
25 8 1.0491 -0.2016 72.8710 8.9766 -0.2122 72.8345 9.2683 0.0632
26 9 0.6373 -0.229% 52.6336 4.6793 -0.2350 52.6144 4.8899 0.0015
27 10 0.3149 -0.0488 31.3654 1.6583 -0.0508 31.3585 1.7840 ~0.0384
28 11 0.0975 0.0407 27.5293 1.2956 0.0391 27.5239 1.4059 ~0.0240
29 12 0.0831 0.2107 18.1603 0.5581 0.2100 18.1579 0.6312 -0.0466
30 13 0.0831 -0.0598 -18.2323 0.3605 -0.0602 -18.2336 0.2874 -0.2452
31 14 0.0975 -0.0348 -27.5758 1.1133 -0.0361 -27.5800 1.0027 -0.2062
32 15 0.3149 0.0397 -31.4222 1.6188 0.0379 -31.4284 1.4929 -0.0794
33 16 0.6373 0.2975 ~53.7517 4.9272 0.2919 -53.7710 4.7121 0.0538
34 17 1.2822 0.4869 -76.0849 9.7506 0.4757 -16.1234 9.4462 0.0330
35 18 1.3122 0.3815 ~104.8632 18.4602 0.3603 -104.9364 18.0403 0.0384
36 9 0.9422 0.4164 -116.5137 22.71351 0.3502 -116.6039 22.2685 0.0002
37 20 0.6348 0.4512 -129.4943 28.0461 O.4188 ~129.6057 27.5275 -0.0305
38 21 1.2159 G.4586 -133.1821 29.7100 0.4243 -133.3000 29.1765 0.0126
39 22 2.0338 0.5611 -156.4923 41.0260 0.5138 ~-156.6555 40.3991 0.0278
40 23 1.5046 0.5637 -176.6852 52.2163 0.5034 ~176.8930 51.5085 ~0.0462

SUM OF WEIGHTED SQUARES= 0.5443284D-01
WEIGHTED RMS= 0.36889310-C1
SPHERICAL CCORDINATES OF AXIS OF PARABOLOID
PHI THETA
(DEG.) (DEG.)
73.8152 89.7609

VERTEX OF PARABOLOID

X Y 4
~0.4856634E-00 -0.122849CE 01 0.5512768E£-01
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Sample output

TEST CASE 3 ZFIT FOLLOWEC 8Y PFIT ...

SYMBOL

FIT
PFIT

C
CPRIME
8

80

L
PRBTYP
PNTOPT
LAST

[ TMAX
SOIN
KPRINT
co

M

PRBTYP
2

1TMAX
10

*® SYMBOL TABLE ws

CEFINITION
PARABOLCIO FIT BASED ON MINIMIZING SUM OF WEIGHTED SQUARES GF Z DISTANCES
PARABOLUID FIT BASED ON MINIMIZING SUM OF WEIGHTED SQUARES OF PATH LENGTH ERRURS
RECTANGULR CARTESIAN COORDINATE SYSTEM IN WHICH DATA POINTS ARE GIVEN .
RECTANGULAR CARTESIAN COORDINATE SYSTEM IN WHICH PARABOLOID IS PARAMETERIZED WITH AXIS PARALLEL TO Z-AXIS
THE CCEFFICIENT VECTOR (B1,B2y...489) WHICH CEFINES THE PARABOLOIC AND IS DETERMINED BY THE PROGRAM
THE INITIAL VALUE VECTOR OF 8
THE INPUT VECTOR CF ENTEGERS {L1,L2y.049L9) SUCH THAT THE VALUE OF LJ DETERMINES WHETHER BJ IS TO BE COMPUTED
INPUT INTEGER SPECIFYING TYPE OF FIT DESIREO O=ZFIT 1=PFIT 2=80TH
INPUT INTEGER SPECIFYING FORMAT OF CARDS CONTAINING DATA PQINTS
INPUT INTEGER O=ANOTHER CASE FOLLOWS 1=THIS IS LAST CASE
CPTICNAL INPUT PARAMETER USED BY STPRGS
OPTICNAL INPUT PARAMETER USEC BY STPRGS
OPTICNAL INPUT PARAMETER USED BY STPRGS
OPTICNAL INPUT PARAMETER USED BY STPRGS
NU¥BER OF DATA PQINTS
PNTCPT LAST
0
KPRINT SDIN
0 0.5000000€E-03 1.0000000E-08

OPRINT(L)= C CPRINT(2)= O OPRINT(3)= 0O

TEST CASE 3 ZFIT FULLOWEC BY PFIT ...

THIS IS A PFIT PROBLEM

NN
OO O

=)

.

8cC

0.
1.0000C00E CO

PFIT IS INSTRUCTED TO PRUCUCE A CIRCULAR PARABOLCID BY DETERMINING THE & PARAMETERS




Sample output (contd)

TEST CASE 3 ZFIT FOLLOWED BY PHIT ...
PARAMETER VECTOR

Bl= 0.1696527€-02
82= 0.3768811£-02
832 0.4926302E-01
Bé= 0.2207515E-02
#5= 0.3830187¢-02
B6= 0.
87= 0.
88= .
89> 0.1667018E-02

IN SYSTEM CPRIME ...

1=B3+B4eX¢B50Y+BbeXen24BTeXaY+BBuYen24B9¢({Xun2even2)

STANDARD DEVIATIUN OF DATA= 0.1037703E-00

COVARIANCE MATRIX OF COEFFICIENTS

1 2 3

L S N

DIRECTICN COSINES UF AXIS OF PARABOLOID

u v L
0.1696527E-02 0.3768811E~02 0.9999915€ 00
COVARIANCE MATRIX OF PHI AND THETA

0.1203612€ 04 0.1085629E-00
0.1085629€-00 0.1985528E-01

ROTATIUN MATRIX A

0.9999986€ 00 -0.319695B8€-05 -0.1696527£-02
-0.3196958£-05 0.9999929€ 00 -0.3768811&E-02
0.1696527€-02 0.3768811E~0G2 0.9999915€ 00

TEST CASE 3 ZFIT FULLOWEL 8Y PFIT ...
COVARIANCE MAIRIX OF (PHI,THETA,ALl,42,A3,F)

0.3666412E-CC 0.3307015¢c~04 0.4675833E~00
0.3307015£-04 0.6048265€-05 0.6734562€E-03
0.4675833€-00 0.8734562E-03 0.7117439€ 00
-0.1979604E-00 0.1825528€-02 0.1023797e-02
0.1859664£-03 0.8938656E-05 0.1649408E-02
0.6721992£-03 0.8649086E-05 0.1936276£~02

4
0.63291€-05 0.10200E-C7 0.32425€-06 0.T70708€-05
0.10200E-07 0.59820E-05 ~0.16593€-06 0.10784E-07
0.32425¢-06 -0.16593E~C6 0.316186-03 0.39913E-06
0.70708E-05 0.10784E~C7 0.39913£-06 0.79118€-05
0.11013€E-07 0.66698E~05 -0.19620€6-06 0.11658E-07
0.67624E-10 0.74991E~10 -0.151616-07 0.73120E~-10

5

~0.1979604E-00
0.1825528E-02
0.1023797€-02
G.67C1083E 00
0.2617341€-02
0.2230510€-02

6
0.11013€-07 0.67624E~10
0.6669BE-05 0.74991E~10

~0.19620E-06 -0.15161€-07
0.11658E-07 0.73120€-10
0.74492E~05 0.85024E~10
0.85024E-10 ©.10273&-~11

0.1859664E-03
0.8938656E-05
0.1449408E-02
0.2617341E-02
0.3293679€-03
0.1376938€~-02

0.6721992€-03
0.8649086E~-05
0.1936276£-02
0.2230510€-02
G.1376938E-02
0.8314077€-02
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Sample output (contd)

TEST CASE 3 ZFIT FULLOWEC BY PFIT ...

COORDINATE SYSTEM C
Y

1 IDENT WETGHT x z
1 5 1.5046 ~176.7042 -0.3743 51.9674
2 6 2.0338  -1564.5697 -0.1528 39.7987
3 7 1.2159  -132.2858 0.0277 29.1157
4 8 1.0760  -129.5442 0.0421 27.9652
s 9 1.7208 -105.5628 0.1305 18.5658
6 10 1.2822 -72.9341 -0.2596 8.8192
7 1 0.6373 -52.0959 -0.2386 4.5591
8 12 0.3149 -30.7068 -0.2307 1.6006
9 13 040975 -27.5613 -0.2052 1.2422
10 14 0.0831 -18.2033 -0.1447 0.4496
11 15 0.0831 18.1722 0.0957 0.4527
12 16 0.0975 27.5686 0.2608 1.3105
13 17 0.3149 31.4726 0.3409 1.6903
14 18 0.6373 54,3760 0.6614 4.9656
15 19 1.8726 72.7118 0.9024 8.8790
16 20 2.2275 129.5680 -0.1253 27.9995
17 21 1.2159 133.0994 -0.2006 29.6320
18 22 2.0338 157.7075 ~0.3495 41.5362
19 23 1.5046 176.6571 -0.3443 52.0216
20 3 1.5046 -0.9698 176.0262 51.6172
21 o 2.0338 ~0.6484 156.1179 40,6844
22 5 1.2159 -0.3189 133.0898 29.6041
23 6 1.0760 -0.2784 129.4786 27.9905
24 7 1.9757 0.1406 97.8835 16,0395
25 8 1.0491 -0.2016 72.8710 8.9766
26 9 0.6373 -0.2295 52.6336 4.6793
21 10 043149 ~0.0488 31.3654 1.6583
28 11 0.0975 0.0407 27.5293 1.2956
29 12 0.0831 0.2107 18.1603 0.5581
30 13 0.0831 -0.0598 -18.2323 0.3605
31 14 0.0975 -0.0348 -27.5758 1.1133
32 15 0.3149 0.0397 -31.4222 1.6188
33 16 0.6373 0.2975 -53.7517 4.9272
34 17 1.2822 0.4869 -76.0849 9.7506
35 18 1.3122 0.3815 ~-104.8632 18.4602
36 9 0.9422 0.4164 ~-116.5137 22,7351
37 20 0.6348 0.4512  -129.4943 28.0461
38 21 1.2159 0.4586 -133.1821 29.7100
39 22 2.0338 0.5611 -156.4923 41.0260
40 23 1.5046 0.5637 -176.6852 52,2163

SUM OF WEIGHTED SQUARES= 0.36612150-00
172 LAMBDA WEIGHTED RMS= 0.47835750-01
SPHERICAL CCORDINATES OF AX1S OF PARABULOID
PHI THETA
{DEG.) (DEG.)
65.7652 89.7632

VERTEX OF PARABOLUID

X Y z
-0.6620318E 00 -0.114B62%E Ol 0.5178468E-01

X Y
~0.4076064€-00 -0.5834263E 00

COORDINATE SYSTEM CPRIME
X Y z

-176.7921
-154.6370
-132.3350
-129.591%
~105.5942
-72.9489
-52.1036
-3.07C9
=27.5634
-18.2040
18.1714
27.5664
3144697
54436175
T2.6967
129.5203
133.0490
157.6368
176.5686
~1.0580
-0.7179
-0.3696
-043263
0.1131
~0.2171
~0.2376
-0.0518
0.0384
0.2097
-0.0603
-0.0366
0.0370
0.2893
0.4706
0.3505
0.3782
0.4040
0.4086
0.4920
0.4757

-0.5695
-0.3023
-0.0816
-0.0629
0.0608
~0.2926
-0.2556
-0.0237
-0.2098
-0.1464
0.0940
0.2558
0.3344
0.6426
0.8687
-0.2313
-0.3127
~0.5065
-0.5409
175.8304
155.9634
132.9773
129.3722
97.8223
72.8367
52.6156
31.3589
27.5243
18.1581
-18.2335
-27.5798
-31.4280
-53.7698
-76.1211
-104.9321
-116.5986
-129.5991
-133.2931
-156.6458
~176.8807

FOCUS OF PARABCLCID

51.6658
39.5355
28.8912
27.7454
18.3870
8.6944
4.4698
0.1548
1.1947
0.4182
0.4839
1.3582
1.7450
5.0603
9.0057
28.2186
29.8568
41.8021
52.3196
52.2785
41.2713
30.1049
28.4778
16.4085
9.2508
4.8772
1.7764
1.3994
0.6269
0.2917
1.0093
1.5004
4.7251
9.4646
18.0635
22.2965
27.5586
29.2085
40.4368
51.5509

7
0.1500189¢ 03

RESIDUE
Q

-0.1412
-0.0540
-0.0996
-0.0226
-0.0300
-0.1209
0.0210
-0.0010
-0.1180
~0.2846
-0.3115
-0.0391
-0.0517
-0.0765
-0.0350
-0.1360
0.0087
-0.0281
-0.1329
0.0270
0.1191
0.1151
0.0545
0.0582
0.1492
0.0230
-0.0635
~0.0362
-0.0837
-0.4821
-0.4014
-0.1486
0.1190
0.0868
0.1109
0.0510
0.0092
0.0848
0.1274
0.0329



Sample output
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PARABOLOID FIT BASED ON MINIMIZING SUM OF WEIGHTED SQUARES OF Z DISTANCES
PARABOLOID FIT BASED ON MINIMIZING SUM OF WEIGHTED SQUARES OF PATH LENGTH ERRORS

RECTANGULAR CARTESIAN COORDINATE SYSTEM IN WHICH PARABOLOID IS PARAMETERIZED WITH AXIS PARALLEL YO Z-AX1>
THE COEFFICIENT VECTOR (B1482y...+89) WHICH DEFINES THE PARABOLOID AND IS DEVERMINED 8Y THE PROGRANM

THE INPUT VECTOR GF INTEGERS {L1lsL2y.0.yL9) SUCH THAT THE VALUE OF LJ DEVERMINES WHETHER BJ IS TO BE COMPUTED

1=PFIT 2=BOTH

TEST CASE 4 ILLUSTRATES USE OF DPRINT {ZFIT ONLY)
ss SYMBOL TABLE e
SYMBOL  CEFINITION
TFIT
PFIT
[ RECTANGULR CARTESIAN CODRDINATE SYSTEM IN WHICH DATA POINTS ARE GIVEN
CPRIME
8
B8O THE INITIAL VALUE VECTOR OF 8
L
PRBTYP  INPUT INTEGER SPECIFYING TYPE OF FIT DESIRED 0=ZFIT
PNTOPT  INPUT INTEGER SPECIFYING FORMAT OF CARDS CONTAINING DATA POINTS
LAST INPUT INTEGER O=ANOTHER CASE FOLLOWS 1=THIS IS LAST CASE
ITHAX OPTIGNAL INPUT PARAMETER USED BY STPRGS
SOIN OPTICNAL INPUT PARAMETER USED BY STPRGS
KPRINT  CPTIONAL INPUT PARAMETER USED BY STPRGS
() GPTICNAL INPUT PARAMETER USED BY STPRG5
" NUMBLR UF DATA PGINTS
PRBTYP PNTCPT LAST
o 1
ITMAX  KPRINT SDIN
10 0 0.5000000E-03  1.0000000E~08
DPRINT(1)= 1 DPRINT(2)= 1 DPRINT(3)= 1
M= 40
TEST CASE 4 [ILLUSTRATES USE OF DPRINT (ZFIT ONLY)
RAW INPUT DATA ...
1 x ¥ z WEIGHT
1 -176.7C420 -0.37426 51.96743 2.40800
2 -154.56969 -0.1528¢ 39.79868 3.25500
3 -132.28578 0.02773 29.11573 1.94600
4 =129.54424 0.04210 27.96523 1.72200
S -105.5¢285 0.13047 18.56580 2.75400
6 -72.93408 -0425958 8.81920 2.05200
7 -52.09592 -0.23859 4.55912 1.02000
8 -30.7C681 -0.23072 1.60057 0.50400
9 -27.56130 -0.20518 1.2422¢ 0.15600
10 -18.20327 -0.14474 0.44961 0.13300
11 18.17219 0.09574 0.45267 0.13300
12 27.56865 0.26083 1.31050 0.15600
13 31.47264 0.34087 1.69033 0.50400
14 54.37600 0.66145 4.96562 1.02000
15 72.71185 0.90239 8.87899 2.99700
16  129.56800 -0.12535 27.99954 3.56500
17T 133.09945 -0.20063 29.63198 1.94600
18 157.7C750 -0.34949 41.53619 3.25500
19 176.65711 -0.34429 52.02160 2.40800
20 -0.96983  176.02622 51.61720 2.40800
21 -0.64840  156.11788 40.68442 3.25500
22 -0.31895  133.08984 29.60411 1.94600
23 -0.27839  129.47864 27.99053 1.72200
24 0.14G63 97.88346 16.03951 3.16200
25 -0.2C163 72.687105 8.97660 1-67900
26 -0.22947 52.63356 4.67928 1.02000
27 -0.04884 31.36536 1.65833 0.50400
28 0.04067 27.52934 1.29559 0415600
29 0.21C70 18.16032 0.55815 0.13300
30 -0.05979 -18.23230 0.36052 0.13300
31 ~0.03482  -27.57579 1.11329 0.15600
32 0.03966 -31.42217 1.61882 0.50400
33 0.29753  -53.75166 4.92723 1.02000
24 0.48686 -76.08494 9.75063 2.05200
35 0.38151 -104.86324 i6.46023 2.10000
36 0.41636 -116.51373 22.73514 1.50800
37 0.45116 ~129.49434 28.04614 1.01600
38 0.45859 -133.18206 29.70996 1.94600
39 0.56115 -156.49233 41.0259 3.25500
40 0.56372 -176.68521 52.21633 2.40800
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Sample output (contd)

TEST CASE 4 ILLUSTRATES USE OF DPRINT (ZFIT ONLY) ...

NORMAL [ZED WEIGHTS ... WBAR= 1.60042
1 WEIGHT
1 1.50460
2 2.03383
3 1.21593
4 1.07596
5 1.72079
6 1.28216
7 0.63733
8 0.31492
9 0.09747
10 0.08310
11 0.08310
12 0.09747
13 0431492
14 0.63733
15 1.87263
16 2.,22753
17 1.21593
18 2.03383
19 1.50460
20 1.50460
21 2.03383
22 1.21593
23 1.07596
24 1%97573
25 1.04910
26 0.623733
27 0.31492
28 0.09747
29 0.08310
30 0.08310
31 0.09747
32 0.31492
33 0.63733
34 1.28216
35 1.31215
36 0.94225
37 0.63483
38 1.21593
39 2.03383
40 1.50460

TEST CASE 4 [LLUSTRATES USt OF DPRINT (ZFIT ONLY) ...
THIS IS A ZFIT PROBLEM

BO

~

- e
=]
.

20 0.
ZFIT IS INSTRUCTED TO PRODUCE AN ELLIPTIC PARABOLOID BY DETERMINING THE 7 PARAMETERS

81
B2
B3
84
85
86
1]

WHILE HOLDING FIXED THE 2 PARAMETERS

87= 0.
B9=s 0.
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. Sample output {contd)

TEST CASE 4 [ILLUSTRATES USE OF DPRINT (ZFIT ONLY) ...

- MATRIX A
i 1.0000C -0. -0.
| -0. 1.00000 -0.
0. 0. 1.00000
MATRIX AU
-0. -0. -1.00000
-0, -0. c.
1.0000C 0. -0.
MATRIX AV
-0. -0. 0.
-0. -0. -1.00000
o. 1.00000 -0.
171 xi Yi 31 xul Yut 21 xv1 YVl zv1
1 1 ~176.70420 ~0.37426 51.96743  ~51.96743 0. -176.70420 0. -51.96743 -0.37426

Rl R11 R13 Ria
0.51967430 02 -0.1767042C 03 -0.3742600C-00 -1.00C00000 00 0.17670420 03

R16 R17 Ri8
0.37426000-00 -0.31224370 05 -0.66133310 02 -0.14C07050-00 -0.31224510 05

s
0.40485630 05

VECTOR #®
~0.21454D 04 0.10797D 04 0.11023D 04 0.21454D 04 =-0.10797D 04 0.12252D 0B -0.48485D 05 0.12003D 08 0.24254D 08

MATRIX G JE—
0.33171D 06 -0.11186D 04 =-0.20227D 02 -0.33171D 06 0.111860 04 -0.12298D 07 0.55854D 05 0.384520 04 -0.122600 07
-0.111860 04 0.32833D 06 0.21254D 02 0.11186D 04 -0.32833D 06 0.558540 05 0.384520 04 0.51265D 0& 0.568500 06
-0.202270 02 0.21254D C2 0.400000 02 0.20227D 02 -0.21254D 02 0.33171D 06 -0.11186D 04 0.32833D0 06 0.660050 06
-0.331710 06 0.11186D0 04 0.20227D 02 0.33171D 06 -0.11186D O4 0.12298D 07 =-0.55854D 05 -0.38452D0 04 0.122600 07
0.111860 04 -0.32833D Cé6 ~0.21254D 02 -0.111860D 04 0.328330 06 -0.55854D 05 -0.38452D 04 -0.51265D 06 -0.568500 06
-0.122980 07 0.55854D C5 0.33171D0 06 0.122980 07 -0.558540 05 0.734940 10 -0.213850 07 0.143320 06 0.73496D 10
0.558540 05 0.38452D 04 -0.11186D 04 -0.55854D 05 -0.384520 C4 -0.213850 07 0.143320 06 -0.26878D0 08 -0.29016D 08
0.384520 04 0.51265D C6 0.328330 06 -0.38452D 04 -0.512650 06 0.14332D 06 -0.26878D 08 0.718100 10 0.718110 10
-0.122600 07 0.568500 C6 0.660050 06 £.12260D 07 -0.568500 0¢& 0.73496D 10 -0.290160 08 C.71811D 10 0.145310 11

UNDERFLOW AT 32520 IN MQ SET= ZERD.

VECTOR B 7= 1
0. 0. 0.52547E-01 0.31130E-03 -0.39483£-03 0.16646£-02 0. 0.16690£~-02 0.

TEST CASE 4 [ILLUSTRATES USE OF DPRINT (ZFIT ONLY) ...

MATRIX A i
1.00000 -0. -0.
-0. 1.00000 -0.
c. 0. 1.00000
MATRIX AU
-0. -0. -1.00000 o
-0. -0. c.
1.00C0C 0. -0.
MATRIX AV
-0. -0. .
-0. -0. -1.00000
0. 1.00000 -0,
i x1 Y1 71 xul Yul p{N} xv1 vl vl
2 1 -176.70620 ~0.37426 51.96743 -51.96743 0. ~176.70420 0. -51.96743 -0.37426
Rl (3%} R12 R13 R14

~0_5423119D-02 -0.2072589C 03 -0.45970070-00 -1.0000000D 00 0.17670420 03
R16 R17 R18 K19
0.37642600D-00 ~-0.3122437C 05 <-0.6613331D 02 -0.14C0705D-00 -0.3122451D 05
)
0.65523020-01

VECTOR H
0.69388C ©0 0.25662D0 01 0.524280-05 0.381190-C5 -0.63572D-05 0.22071C~01 0.88632C 01 0.928200-01 0.114890-00

MATRIX G
0.41890D 06 -0.14666D C4 =-0.27713D 02 ~0.37250D 06 0.12803D 04 -0.146770 07 0.65466D 05 0.25521D0 04 -0.14652D0 07
-0.14666C 04 0.41400D 06 0.25293D 02 0.128120 0% -0.36840C 06 0.70314D 05 0.627600 04 0.59236D 06 0.66267D 06
-0.27713D 02 0.252930 C2 0.400000 02 0.202270 02 -0.212540 02 0.331710 06 -0.111860 04 0.328330 06 0.660050 06
-0.37250D 06 0.128120 Ce 0.202270 02 0.331710 06 -0.11186D 04 0.12298D 07 -0.558540 05 ~0.384520 04 0.122600 07
0.12803D 04 -0.368400 06 -0.21254D 02 -0.111860 04 0.32833D 06 -0.55854D 05 -0.38452D 04 -0.512650 06 =-0.568500 06
-0.14677C 07 0.703140 C5 0.331710 06 0.12298D0 07 -0.55854D 0S5 0.734940 10 -0.213850 07 0.14332D0 06 0.73496D 10
0.654660 05 0.627600 04 -0.111860 04 -0.55854D 05 -0.384520 04 -0.21385D 07 0.143320 06 -0.26878D 08 -0.29016D 08
0.255210 04 0.592360 C6 0.32833D 06 -0.38452D 04 -0.51265D 06 0.14332D 06 -0.268780 08 0.718100 10 0.71811D 10
-0.146520 07 0.662670 Co6 0.660050 06 0.12260D 07 -0.568500 06 0.734960 10 -0.290160 08 0.718110 10 0.145310 11

VECTOR B IFf= 2
0.11631E-02 0.40107E-02 0.52536E-01 C.16171E-02 0.41052€-02 0.16646E-02 0. 0.16690E-02 0.
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Sample output (contd)

(ZFIT ONLY) .

TEST CASE 4 ILLUSTRATES USE OF DPRINY
MATRIX A
1.00000 -0.00000 -0.00116
-0.0000C 0.99999 -0.00401
0.00116 0.00401 0.99999
MATRIX AU
-0.00116 -0.00201 -1.00000
-0.00201 -0.00000 0.
1.0000C 0. -0.00116
MATRIX AV
-0.00000C ~0.00058 0.
~0.00058 ~0.00401 -1.00000
0. 1.00000 -0.00401
1 X1 Yi 21
3 1 -176.76452 -0.58227 51.75995

R1
-0.15660570-01

0.58227240

00

N
0.54448510-01

VECTOR H

-0.311310-01

MATRIX G
0.418920
-0.146620
-0.289830
-0.372500
0.129100
-0.146350
0.121310
0.26735D
-0.146090

VECTOR 8

06
04
02
a6
04
a7
06
04
07

7=

0.11631t-02

-0.20714180 03

-0.47045420~00

Xul
-51.76115

R13
-1.00000000 00

Yul Ul
0.35436 -176.76464

R1l4
0.17676450 03

R17
-0.31245700 05 -0.10292510 03 -0.33904120-00 -0.31246030 05

0.11770D-01

~0.14662D0 04
0.41399D0 06
0.209040 02
04128110 04

-0.368400 C6
0.,70977D0 C5
0.22294D 05
0.60666D 06
0.67763D 06

3
0.40074E-02

TEST CASE 4 [LLUSTRATES USE
MATRIX A
1.00000 -0.00000 ~0
-0,0000¢C 0.99999 -0
0.0011¢6 0.00401 o]
MATRIX Av
-0.00116 -0.00200 -1
-0.00200 -0.00000 Q
1.00000 0. -0
MATRIX AV
-0.00000 -0.00058 [¢]
-0.,00058 -0.00401 -1
0. 1.00000 -0
17 1 xi Yl
4 1 -176.76452 -0.58210

-0.16227550-~01

0.5820992D

S
0.5443284C~

VECTOR H
~0.486890-0

MATRIX G
0.418920
~0.146620
-0.28983D
-0.3725¢D
0.129100
-0.146350D
0.121270
0.26736D
~0.14609C

Y]

01

2

0&
04
02
06
04
o7
0é
04
07

-0.2071422C 03

R16
-0.31245700 05

=0.779740-03

~0.14662D0 C4
0.413990 06
0.20908D 02
0.12811D 04
~0436840D 06
0.709760L ¢S
0.22294D CS
0.606650 C6
0.677620 C6

0.203520-01

-0.289830
0.209040
0.400000
0.189450

-0.25674D
0.331710

-0.112720
0.32834D
0.660040D

02
02
02
02
02
06
04
o1
o6

0.52552E-01

OF DPRINT

.00116
«00401
99999

-00000
«0Cl1e

+00000
00401

(ZFIT UNLY) ..

z1
51.75995

R12

~0.47044570-00

R17

~0.10289450 03

0.98830D0-05

-0.289830
0.209080
0.400000
0.189450

=0.256710
0.331710

=-0.112720
0.328340
0.66004D

02
02
02
02
02
06
04
06
06

0.244190-01

-0.372500
0.12811D
0.18945D
0.331710

-0.112720
0.11871D

-0.10488D

-0.174130
0.116%960

06
04
02
06
04
o7
06
3
[oh4

0.16171€-02

Xyl
-51.76115

0.129100
-0.368400
-0.256740
-0.112720

0.328340
-0.104880
~0.17413D
-0.657060
~0.761940D

0.41015€E~

-0.18157D-01

04
06
02
04
a6
06
05
o1
06

Q2

XV
0.0

04134970 03

-0.146350
0.709770
0.331710
0.118710

~0.104880
0.734910

-0.242050
0.177070
0.734930D

0.16646E—

Yul Ul
0.35406 -176.76464

07 0.121310 06 0.267350 04
05 0.22294D 05 0.606660 06
06 -0.,112720 04 0.328340 06
07 -0.10488D 06 =-0.17413D 05
06 -0.17413D 05 -0.65706D 06
10 -0.242050 07 0.177070 06
o7 0.17707D 06 -0.26852D 08
06 -0.268520 08 0.718110 10
10 -0.29273D 08 0.718130 10
02 0. 0.16690E-02
XVl Yvl vl

0.00022 -51.86317 -0.58252

0022

Yvi
-51.86316

~0.36396D 01

R R14
-1.00€00000 00 0.17676450 03

R18 R19

-0.33883940-00

0.38247D0-C2

-0.37250D0
0.128110
0.18%45D
0.331710

-0.112720
0.118710

-0.104840D

-0.174130D
0.116960

06
04
02
06
04
07
06
05
07

0.679250-03

0.129100
-0.368400D
-0.25671C
-0.11272D

0.328340
~0.104840
~0.174130
-0.656940
-0.761780

04
ce
02
(e
06
06
05
06
o6

-0.3124603D 05

0.114410-00

-0.146350
0.709760
0.331710
0.118710

-0.104840
0.734910

-0.242030
0.177040
0.734930

o1
05
06
07
06
10
or
06
10

0.121270
0.222940
-0.11272D
-0.10484D
~0.17413D
-0.24203D
0.177040
-0.268520
-0.292720

-0.243730 Ol

06
05
04
06
05
o7
06
08
08

vl

-0.58269

0.30846D 03

0.103250-00

0.26736D
0.606650
0.328340
-0.17413D
-0.656940
0.177040
-0.26852D
0.718110
0.718130

04
Qs
06
05
06
06
08
10
10

0.44343D0 03

-0.14609D
0.677630
0.66004D
0.116960

-0.761940
0.73493D

-0.292730
0.718130
0.145310

0.

07
06
06
07
06
10
o]
10
11

0.217670-00

-0.146090
0.677620
0.66004D
0.116960

-0.761780D
04734930

-0.292720
0.718130
0.145310D

o7
06
06
07
06
10
08
10
11




P

TE
PAl

Bl=
82=
B83=
B4=
85=
B86=
87=
B88=
B9=

IN SYSTEM CPRIVE ...

Sample output (contd)

ST CASE 4 ILLUSTRATES USE OF DPRINT {ZFIT ONLY) ...

RAMETER VECTOR

0.1163C99E-02
0.40C7394£-02
0.5255177E-01
0.1617C64E-02
0.41C1518€~02
0.1664591E-02

0.
0.1669C48E~02
0.

2=B3+B4eX+B5eY+BEu 0u24BTo aY+BBaYau24B98(Xna2¢Ye02)

STANDARD LEVIATICN OF DATA=

NV A WN ~

O.

1

0.4061379€-01

CUVARIANCE MATRIX OF COEFFICIENTS

2

0.27572E-05 0.22614F-C8
0.22614£-08 0.25772E-C5
0.28788£-06 -0.45520€-C7
0.30962¢-C5 0.23523+-C8
0.23469£-08 0.28918£-C5
0.35991t-10 0.18486£-10
-0.66585E-11 0.489106-10

DIRECTICN COSINES UF AXIS

3
0.28788E~06
~0.45520E-07
0.16477¢~03
0.34008t-06
-0.55604E-07
~0a74346E-08
-0.75338E~08

OF PARABULOID

4
0.30962€-05
0.23523E-08
0.34008£-06
0.34818E-05
0.24419E-08
0.38852€~10

-0.82351¢~11

u v W
1163099€-02 0.4007394€-02 0.9999913E 00

COVARJANCE FATRIX OF PHI AND THETA

Oa
~0.
0.

0.5169707€ 03
0.394112CE-01

0+394112CE-C1
0.8510495E-02

RCTATION MATRIX A

9999993F 00 -0.2330509£-05

~-0.1163099€-02

2330509€-05 0.9999920t 00 -0.4007394E-02

1163099E-¢2 0.4007394E-C2

0.9999913¢ 00

5
0.23469£-08
0.28918E-05

-0.55604E~07
0.24419E~08
0.32497E~-05
0.21013€-10
0.55546E-10

6
0.35991E-10
C.18486E-10

-0.74346E~08
0.38852€-10
C.21013E-10
0.56102€-12
0.34035€-12

7
-0.66585E-11
0.48910E-10
-0.75338E-08
~0.82351€-11
0.55546€£-10
0.34035E-12
0.57509t-12
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TEST CASE 4 ILLUSTRATES

1 IDENT nEIGHT
1 5 1.5046
2 6 2.0338
3 7 1.2159
4 8 1.0760
5 9 1.7208
6 10 1.2822
7 11 0.6373
8 12 0.3149
9 13 0.0975

10 14 0.0831

11 15 0.0831

12 16 0.0975

13 17 0.3149

14 18 0.6373

15 19 1.8726

16 20 2.2275

17 21 1.2159

18 22 2.0338

19 23 1.5046

20 3 1.5046

21 4 2.0338

22 5 1.2159

23 6 1.0760

24 7 1.9757

25 8 1.0491

26 9 0.6373

27 10 0.3149

28 11 0.097%

29 12 0.0831

30 13 0.0831

31 14 0.0975

32 15 0.3149

33 16 0.6373

34 17 1.2822

35 18 1.3122

36 9 0.9422

37 20 0.6348

38 21 1.2159

39 22 2.0338

40 23 1.5046

SUM OF WEIGHTED SQUARES= 0.5443284D-01

NO. 32-979

USE OF DPRINT

X
~176.7042
~154.5697
-132.2858
~129.5442
-105.5628

-72.9341
~52.0959
-30.7068
-27.5613
-18.2033
18.1722
27.5686
31.4726
54.3760
12.7118
129.5680
133.0994
157.7075
176.6571
-0.9698
-0.6484
~0.3189
~0.2784
0.1406
-0.2016
-0.2295
-0.0488
0.0407
0.2107
-0.0598
-0.0348
0.0397
0.2975
0.4869
0.3815
0.4164
0.4512
0.4586
0.5611
0.5637

WEIGHTED RMS= 0.3688931D-01

Sample output (contd)

COURDINATE SYSTEM C
Y

~0.3743
-0.1528
0.0277
0.0421
0.1305
=0.259¢6
-0.2386
-0.2307
-0.2052
~0.1447
0.0957
0.2608
0.3409
0.6614
0.9024
-0.1253
-0.2006
-0.3495
=0.3443
176.0262
156.1179
133.0898
129.4786
97.8835
72.8710
52.6336
31.3654
27.5293
18.1603
-18.2323
~27.5758
~31.4222
-53,7517
-76.0849
-104.8632
~116.5137
=129.4943
-133.1821
~156.4923
-176.6852

SPHERICAL CCORDINATES OF AXIS OF PARABOLOIC

PHI THETA
{DEG.) {DEG.)

73.8152 89.

1609

VERTEX OF PARABOLOID

X Y
~C.4856634E-00 -0.1228490€ 01

z
0.5512768E-01

(ZFIT ONLY)

4
51.9674
39.7987
29.1157
27.9652
18.5658
8.8192
445591
1.6006
1.2422
C.4496
C.4527
1.3105
1.6903
449656
8.8790
27.9995
29.6320
41.5362
52.0216
5l.6172
40.6844
29.6041
27.990%
16.0395
8.9766
4.6793
1.6583
1.2956
0.5581
0.3605
1.1133
1.6188
4.9272
9.7506
18.4602
22.17351
28,0461
29.7100
41.0260
52.2163

COURGINATE SYSTEM CPRIME
X A\

=176.7645
~154.6159
~132.319¢
-129.5767
-105.5844
=T72.9443
-52.1012
-3.07C9
-27.5627
-18.2038
18.1717
27.5671
31.4707
54.3702
T72.7015
129.5353
133.0649
157.6591
176.5965
-1.0303
-0.6961
-0.3537
-0.3112
0.1217
~0.2122
-0.2350
-0.0508
0.0391
0.2100
-0.0602
-0.0361
0.0379
0.2919
0.4757
0.3603
0.3902
0.4188
0.4243
0.5138
0.5034

~0.5821
-0.3119
-0.0886
-0.0697
0.0563
-0.2947
-0.2567
-0.0237
-0.2101
~0.1465
0.0939
02555
0.3340
0.6414
0.8666
-0.2379
-0.3197
-0.5163
-0.5532
175.8180
155.9536
132.9701
129.3654
97.8184
72.8345
52.6144
31.3585
27.5239
18.1579
-18.2336
~27.5800
=31.4284
~53.7710
-76.1234
-104.9364
-116.6039
-129.6057
-133.3000
-156.6555
-176.8930

z
51.7600
39.6179
28.9617
27.8145
18,4434

8.7333
4.4975
0.1564
1.2094
0.4279
0.4742
1.3436
1.7283
5.0315
8.9671
28.1495
29.7857
41.7179
52.2252
52.3210
41.3089
30.1368
28.5088
16.4318
9.2683
4.8899
1.7840
1.4059
0.6312
0.2874
1.0027
1.4929
4.7121
9.4462
18.0403
22.2685
27.5275
29.1765
40.3991
51.5085

RESIDUE
R

-0.0162
0.0227
-0.0209
0.0231
00044
~0.0573
0.0116
-0.0008
~0.0624
~0.1463
-0.1578
-0.0197
-0.0253
~0.0330
~0.0060
-0.0425
0.0455
0.0363
-0.0236
-0.0463
0.0233
0.0287
-0.0062
0.0076
0.0632
0.0015
~0.0384
-0.0240
~0.0466
~0.2452
~0.2062
-0.0794
0.0538
0.0330
0.0384
0.0002
-0.0305
0.0126
0.0278
-0.0462
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XIIl- RADIATION PATTERN PROGRAMS =

RS B
_, D.Bathker.* /&7~

Program: 5338, source deck in Jet Propulsion Labora-
tory Library {revised March 17, 1965)

Program: 5345, source deck in Jet Propulsion Labora-
tory Library (revised to Fortran 1V, June
1966)

Engineer: P. Potter {5338); M. S. Katow (5345)

Mathematician: C. Lawson

Programmer: R. Matsumoto

A. Program Description

Each program numerically evaluates the scalar far-
field radiation pattern integral (Ref. 16) by a trapezoid
rule approximation. The secondary radiation pattern of a
large paraboloidal antenna is obtained given the feed
amplitude and phase and reflector surface characteristics.

Reflector surface distortion input for Program 5338 is
specified as full RF path length error at points in a
cylindrical coordinate system. Reflector surface distortion
input for Program 5345 is specified as x-, y-, z-deflections
at points in a rectangular coordinate system. The feed

NC7-2873h

amplitude function W(I, J) input is defined to be the feed
pattern (positive or negative field), and Program 5338
forms the aperture illumination. Program 5345 amplitude
W(I, ]) input is defined to be the aperture illumination
(positive field only). With the final exception of an added
case identification card in Program 5338, the programs
are otherwise identical.

B. Applications

In addition to the prediction of far-field radiation pat-
terns and gain loss due to phasing errors, the programs
have provided a variety of other useful data. The block-
ing caused by quadripod structures has been input to
the W(I, J) array both as zero field intensity (Ref. 17)
and as a fractional field intensity (Ref. 18). Quadripod
transparency was evaluated by a comparison of measured
and computed radiation patterns.

A 30-ft paraboloidal surface exhibiting moderate astig-
matism (Ref. 19) was subsequently examined by civil
engineering techniques; radiation patterns were com-
puted with the surface data included (Ref. 20).
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The same paraboloid was utilized in an experiment at
extremely high frequency (D/A~700, Refs. 21 and 22).
Measured and computed patterns disagreed; this fact led
to an investigation of apex feedhorn physical placement.
It was determined through manipulation of the feed phase
error (H3) input that the experimental placement of the
feedhorn was in error.

The program may also be used for unusual reflector
shapes by appropriate adjustments in W(I,J) and H3(I,])
(Ref. 23).

Defocusing effects on gain and pointing may be investi-
gated by the feed offset parameters in Program 5345,

C. Input
1. Program 5338

Card Parameters Format
1 ICASE IMONTH IDAY IYEAR| 7110
2 TITLE 12A6
3 FK F FACT XMIN XMAX 7F10.0
YMIN YMAX
4 LRSW LWSW LNBSW 7110
LH3SW LDZSW NR
5 R(I) R(2) - - - 7F10.0
NB(I1) NB(2) - - - 7110
W(1,1) W(L,2) - - - 7F10.0
H3(1,1) H3(L,2) - - -
DZ(11) DZ(1,2) - - - 7F10.0
N NPHI 7110
N+1 PHI THETAI THETA?2 7F10.0
TTHETA
N-+NPHI| PHI THETAI THETA2 7F10.0
TTHETA

ICASE = case number

IMONTH, IDAY,
IYEAR = date

TITLE = any alphanumeric identification
FK = propagation constant 27/, in."!
F = focal length, in.

FACT = an addition factor for plot nor-
malization, db

108

XMIN, XMAX,
YMIN, YMAX =

LRSW =

LWSW =

minimum and maximum values of
antenna polar angle (in degrees)
and amplitude (in decibels), re--
spectively, to define the grid and
range of output plots

1 to read in R(I) array
2 to read array to zero

3 to use values from previous case
in core

1 to read in skeleton W(I) array;
program forms rotationally sym-
metric W(I,]) array

= 2read in W(I,]) array
= 3 use values from previous case

LNBSW =

1read in NB(I) array

= 2set array to zero

LH3SW =

3 use values from previous case in
core

1read in skeleton H3(I) array; pro-
gram forms rotationally symmetric
HS3(L,]) array

= 2set array to zero
= 3read in H3(L,])

LDZSW =

1 read in DZ(I,])

= 2 set array to zero

= 3 use values from previous case in

W(L]) =

H(L]) =

core

the number of radius values (the
range of I in the input arrays) < 27

radius values for input fields, etc.,
in.; omit for LRSW =2 o0r 3

number of equal azimuthal incre-
ments for each radius value R(I)
(range of J in input arrays); omit
for LNBSW =2 or 3, NB(I) < 180

reflector illumination at the point
L], v; W(I) only for LWSW =1,
omit for LWSW =3

phase angle of reflector illumina-
tion, deg; H(I) only for LH3SW
= 1; omit for LH3SW = 2
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DZ(L]J) = full RF path length deflection of
surface, from nominal paraboloid,
at the point LJ, in., omit for
LDZSW =2o0r3

NPHI = number of azimuthal cuts (PHI
values) for which output data is
desired, < 8
PHI = azimuthal angle of desired cut

THETAI = initial value of polar angle (p) for
computations and output data

THETA2 = last value of polar angle

TTHETA = number of polar angle increments,
< 150

All input data within a card group must appear as seven

values per card. When the end of an array row is reached,
proceed to the next card, first field.

2. Program 5345

Card Parameters Format
1 ICASE IMONTH IDAY 4110
IYEAR
2 FK F FACT XMIN XMAX |7F10.0
YMIN YMAX
3 DELTOL XOFF YOFF 4F10.0
ZOFF
4 NOFRT NPHI LWSW 7110
LH3SW
5 NB(I) NB(2) - - - 7110
W(1,1) W(1,2) - - - 7F10.0
H3(1,1) H3(1)2)
N
N+1 PHI THETAI THETA2 4F10.0
TTHETA
N-+NPHI| PHI THETAI THETA2 2F10.5,
TTHETA XY UV W ID| 10X3F10.5,
XY UV W ID|10XI10

Parameters are identical to those for Program 5338 except
as follows:

W(L,]) = must include space loss

DELTOL = allowable tolerance for evalu-
ating radius values; this, en-
sures that radius input values
(xy) are the correct numbers
in proper order

XOFF,YOFF,ZOFF = constant factors added to all
U, V, W deflections to effect
an offset feed pattern

NOFRT = number of radius values; same
as NR in Program 5338

x,y = Cartesian coordinates of data
point

U,V,W = deflections from nominal para-
boloid in x, y, and z directions,
respectively. Z is directed

along the axis of nominal par-
aboloid

ID = joint identification number

The last group of cards, containing the deflection data,
must be arranged such that all of the cards of the same
radius are together in the proper order, starting from the
innermost radius. The maximum number of x, y values
for any one radius cannot exceed 180.

All data must be consistent with every other data. If
the DZ(I, ]) or (x, y, z) points on the antenna are in a
counterclockwise direction with reference axis on the hori-
zontal as 0 deg, then both the H3 and W array must also
follow this same convention. The program does not know,
or care, which system of reference is used; it is up to the
user only to be consistent in using his reference plane. In
order for the plots to come out so that they may be
“butted” together, it is required that the reference axis
be at 0° and in a counterclockwise direction.

Timing. Approximately 10 min are required for each ¢
value with 27 X 180 arrays; TTHETA = 100.

D. Output

These programs print out input data including inter-
nally generated arrays for some options. Computed data is
normalized by a number representing the gain of the
antenna if all of the field points radiated in phase. Thus, if
the maximum value of the output is — 1 db, this represents
the loss due to an imperfect surface and/or the H3 feed
phase error. Note that this is not a measure of antenna
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efficiency, since the normalizing value has loss due to illu-
mination efficiency. The amplitude (in decibels), normal-
ized as discussed above, real and imaginary parts (in
volts), un-normalized, and phase angle are output for the
specified THETA values for each specified PHI cut. Pho-
tographic plots of the amplitude values (in decibels) are
also output. The output of Program 5345 is identical to
that of Program 5338 with the exception of the echoing
of the input table. That is, x, y, z deflection data is printed
out for Program 5345; DZ(I, J) data is printed out for
Program 5338.

E. Sample Case

The sample case for Program 5338 represents the Gold-
stone Venus Station 30-ft reflector with the original quad-
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ripod structure of 90-deg symmetry (Fig. 13 of Ref. 20). .
Frequency is 16.33 GHz; NR = 27, NB = 112. The array
size was selected to provide a reasonable approximation
to quadripod shadowing, which is taken as zero field. -
(Feed amplitude and phase data are shown in Figs. 14
and 15 of Ref. 24.) The reflector surface data represents
deviations from a paraboloid, initially adjusted for a per-
fect surface at zenith pointing, and subsequently oriented
for horizon pointing (Fig. 16 of Ref. 20). On-axis loss of
0.496 db is due to the feed phase and reflector surface
losses. Note that, in Fig. 3, the main beam is on-axis with
respect to the best-fitted surface. Total run time for the
sample case: 25 min.

A sample case for Program 5345 is also included.




Sample input (program 5338)
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522 [ 17 66
~ Be£9130 150,000 0400 0400 1450 ~50.00 0.00
1 2 1 1 f 3 27
0.0 740 1640 21.0 284C 35.0 4240
1Y TE.0 3.0 TOT TTT 8B40 TI.0
98.0 10540 112.0 119.0 12640 133.0 14040
1470 1540 T31.0 Y68.0 175.0 1850.0
1 112 112 112 112 112 112
112 112 112 112 112 112 112
112 112 112 112 112 112 112
112 112 112 112 112 112
0.000
0.000 0,000 0.000 U000 T+ 000 U.000 0. 000
0000 04000 04000 04000 04000 0000 0.000
T.000 0. 000 T.000 0000 0000 U000 T.000
04000 0.000 0.000 04000 0.000 0.000 0.000
(sPYalels) T.000 0000 TLT00 T N00 T.T00 UL 000
0.0C0 2,000 0.000 04000 04000 0.000 0.000
V000 UL U0U UL UCT T« 000 T« UTT T UUU T UTT
0.000 04000 0,000 0.000 04000 04000 0.000
TeTON Ue VUL T« UN0 T UL UedUU Ve UUD U UUT
0.000 0,000 0,000 0.000 04000 04000 0,000
U700 e UUU U V00U T Qe VT Tt U UUW Ve U0OU
04000 0,000 0.000 04000 04000 0000 0,000
Te DO Te DT TeUDT T UDU e VT TeTTO0 e OUT
0.000 0.000 0.000 0+000 0.000 C.000 '0.000
U= CUT Te CUTT Ve UTIT UeUTNT T UL Ve GUL Ve JOU
04000 €.000 0.000 04000 04000 0.002 0.000
T 0T T OUU T 0T Te VTV Tre ULV T TTU V00U
0.000 0.000 0.0G0C C.000 0.000 04000 0000
T TICTY T 000 V0T UetITU Te LT ULV T T0OU
04000 0000 04000 0.000C 0.000 0.000 0.000
~UJe QY T g A0 T« UTT T OTTY e OUT Ve UL e UTTY
0.000 04000 Cl.0NC 0.200 Ga 000 0.000 0.000
T 7T T UTID UeUT T« U0 T UUY T TTU Ve UOU .
0000 04000 0.000 0.000 04000 0.000 04000
T. 00T T 0T T OTT TOTT T 00T V00T T 00T
04000 04000 0.000 04000 0.000 0.000 0.000
T« 0T T.TOT UeUTTU Vs UUT TCUT Ve ULV Ve Uy
Ce000 04000 0.000 04000 0000 0.000 C.C00
VU0 T T Ve LNV e U LT T« LUTU Ues LUV Rer)tieacs
0.000 0,000 0.002 04000 0.0C0 0.0C0 £.000
Ue {TTUTY e VULT Trea UUU Ve UULY Tre UVU U UV e iy
0.000 0.000 04000 04000 0.060 040C0 0.000
0.0 1.0 1.0 1.0 1:0 1.0 1e0 .
1.0 1.0 Toh 1.0 1.0 1.0 T.C
1.0 1.0 1.0 1.0 1.0 1.0 1.0
1.0 T<0 1.0 1.0 1.0 1.0 0.0
0.0 N0 1.0 1.0 1.0 1.0 1.0
1.0 1.0 1.0 1.0 1.0 Te0 L T o
1.0 140 1.0 1.0 1.0 1.0 1.0
10 1.0 1.0 1.0 TD 1T T T T
0.0 1.0 1.0 1.0 1.0 10 1.0
1e0 1.0 1.0 1.0 1.0 1.0 1.0
1.0 1.0 1.0 1.0 1.0 1.0 1.0
YNl 1.0 Te0 1.0 1.0 1.0 0.C T
0.0 N.0 1.0 1.0 1.0 1.0 1.0
Te0 1.0 1.0 T.C T.h 1.0 YT T T
1.0 1.0 1o 140 1.0 1.0 1.0
1.7 1.0 1.0 1.C 1.0 1.0 e T
Cen 1.0 1.0 1.0 1.0 1.0 1.0
Te0 1.0 1.0 1.0 1.0 1.0 1.0
1.0 1.0 1.0 1.0 1.7 1.C 1.0
1.0 1.0 1.0 1.0 1.0 1307 T0.C T -
0.0 0.0 1.0 1.0 1.0 1.0 140
1.0 1.0 1.7 1T 1.7 1.7 17T
1e0 1.0 1.0 1.0 140 1.0 1.0
T.0 1.0 1.0 T.0 1.T 1.0 TS B
) 1.0 140 1.0 1.0 1.0 1.0
1.0 1.0 T+0 T.0 1.¢C T.0 1.0
1.0 1.0 1.0 1.0 1.0 1.0 1.0
1.0 1.0 1.0 1.0 T.0 T A
Cen 0.0 1.0 1.0 1.0 1.0 1.0
1.0 1.0 1.0 10 1.0 I.C .07 T
1.9 1.0 1.0 1.0 1.0 1.0 1.0
1.¢ 1.0 1.0 1.0 1.0 1.0 T.0 T
0.0 1.0 1.0 1.0 1.0 1.0 1.0
1.0 1.0 Tev 1.0 2 T3 1.8
len 1e0 17 l1e0 len 1e0 10
1.0 1.0 1.0 T.0 1.0 1.6 Td.0 -
Qa0 2.0 1.0 1.0 1.0 1.0 1.0
1.0 1.0 1.0 1.0 1.0 1o TN
1.0 1e2 T2 le0 1.0 1e0 1.0
Ter T 0 TR 7.0 TR Ten Teh
0.0 1.0 1.0 1.0 1.0 1.0 140
1.0 T.0 1.0 T<0 T Te0
1.0 1.0 140 140 1.0 1.0 .
T.0 1.0 o0 1Ty T-0 T-0 T 0.T
0.0 0.0 1.0 10 1.0 1.0 1.0
o6 1.0 1.0 T. 0 10 T.0 TUTLY
1.0 140 14C 1sC 1.0 1.¢ 1.0
1.0 1.0 140 1.0 3.0 1.0 1.0
[Y¢] 10 T-T T 1.7 T .0
1.0 1.0 1.7 1.0 1e0 1.7 1.0
T+0 Te0 Te0 1.0 1.0 1.0 1.0 -
1.0 1.0 1.0 1.0 1.0 1.0 0.0
TeC 0.0 1.0 YU 1.0 T.T S o
lef 1.0 1.0 1.0 1.0 1.0 1.¢
T.® 1.0 1T o0 L) 107 1.2
1.0 1.8 1.0 10 1.0 1.0 1.0
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Sample input (contd)

0

Te0 1 1.0 1.0 7 1.0 1.0 1.0
140 140 1.0 1.0 1.0 1.2 1.9
1.0 LT 1.0 1.0 1.0 1.0 1.0
e 1.0 1.C 1.0 1.0 1.9 Do
TO0.n  N.0 10 1.0 1.0 1.0 1.0
1.0 140 1.0 1.0 1.0 1.0 1.9
T.0 YT T 1.n 1.0 1.0 1.9 1.0
1.0 1.0 1.0 140 1.0 1.0 1.0
0.0 1.0 1.0 140 1.0 1.0 1.0
1.0 1.0 1.0 1.0 1.0 1.0 1.0
0T T 1.8 1.0 1.0 1.0 1.9 1.0
1.0 140 1.6 140 1.0 1.0 CeC
B 7Y I 1.0 1.0 1.0 1.C 1.0
140 1.0 140 12 1.0 1eC 1.0
D T . P 140 1.0 1.0 1.0 1.0
1.0 1.0 1.0 1e0 10 1.0 1.0
BT I Y] 1.0 1.0 1.0 1.0 1.0
1.0 1.0 1.0 140 1.0 149 1.0
o e 1" 1.0 1en T 1.9
1.0 1.0 1e0 1e0 1.0 1.0 n.0
L D Ay 1.0 1.0 1.2 1.0 1.0
1.0 1.9 1.0 10 1.0 1.0 1.0
ST T 1.0 1.0 1:0 1.0 140 1.0
1.0 140 1.0 1.0 1.0 1.0 1.0

e Ne95% 0955 0.955 0.955 0.955

L AL Ceq8s Ne95= 0.94% 0.955

—TUVUSE C  N.955 0.955 n.955 0,955 04954

0.05% n.055 £e955 £e955 0.955 04955

—oer " ~an n.95% C.95% n.98& 0985

Ce05% n.955 0.9955 04958 nN.95& N.95%

rLyess N, ass h N.9&% NeI5H" N.95 04955

0e95% L N0eQ8% Ne958 NeQ”G Ne98rG

o r.oRe 0.955 £.9588 N.95% 04954

04956 0.955 04955 04955 0.955 04955

oINS CNLone n.99% 0.95% 0.95% 0.95%

04955 D955 0+955 n.955 0.555

0.0 C.955 04955 0.955 0.955

LICER N.9%5 fe955 0.95% 04955

04955 n,955 04955 0955 n.95% n.9s5

L N ne.ass 04955 n.055 0.955

N,9586 [OLL De968 N.055 0.685

LT 0.954 04955 0.955 0.9585

n.,oes 0.955 04955 ne955 0.955

04955 0,955 ' N.955 04955 0.655

00 ne955 €955 0.955 0.955

6,995 09955 T 0.955 0.955 0.955

04955 0.955 04955 0.955 n.955 0.955

T0.65E T T T0,985 0955 04955 0.955 0.955

040 04955 04955 N.955 N.955 04955

0,955 T T N,.955 0.955 0.+95%5 04955 0.955

£.955 n,a85 N.955 04955 N.955 04955

0,068 0,955 04955 0e855 TTTHLGES "0.955

Ce955 £.955 0.955

T 00958 0 TTTH.955 T T T 0.955

04955 04955

0.985 T TR 9T T TTT0.95%

D955 04955 0955 04955

T0.955  0.955 7 TTT0.95% gu5es 64955

0.955

"T0.955

Ne955 0.955

04955 T 04955

04955  0.955

fe956 04955

DeRE55 04955

TTTRYE5E T T 04955

0.95% 0.955

T 0.95% 0.955

Ne955 C.955

D955 0.955

0.955 G.955

0.955 0.955

N.917 0.917

0.917 0.917

4917 0917

Theo17 0.917

0917 0917

0.917 0.917

04917 0917

194917 04917

Ne917 0917

04917 0.917

0917 0.917

0917 0917

0.917 0.917

U917 C.917

4917 0917

Ne917 0,917

0.917 0.917

06917 0917

8,917 0.917

0.917 0e917

TRY91? 0.917

0.917 0917

0.917 Ce917

0.917 0e917

1T BT T 0917 Ne917 T 04917

N.917 0917 0e917 0.917 0917

0917 0017 ~ 09T T Be91T 04917

f.917 0.917 04917 Ne917 0.917

N0 Dear7 7 N.817 T n,017 T0.917

112




Ced17
The017
Ce017
Then
Cep8]
“Ce861
0e861
“TCen
0eR61
QeRAT
N.RAY
Caf
NeB6Y
T D.861
0e861
g

0861

VBET -

0eB61

I 2

NeRHT
DeBRT
NeR61
ot
04861
TUVEET
Ce861
Nen
TV86)
C.861
UeB61
Ten
'T.86)

Da776 .

0.776
Ca778
Oet
0.776
Ce774
T 0Tk

fa?17
"eQ17
Ce917
"e861
Ne361
ARY-1-3 1
TeB561

ALN

CeRE1
"eRA1
NeP&Y
NeRAY
CeB61
NeB61
04861
nen

NeB861
TeB61
NaB61

T CeB61

neR6]
NeR&T
n,R€1
n,n

TeR61
".B61
LTS
7.861
".261
N.861
7.861
nor

n.861
M eRA]
ne8h1
nN.776
nLTTE
n.776
1,776
0.0

076
5e776
0.776
0.776
n.776
n.776
n.776
n.C

n.776
0.778

T CeT76

0.861
Ce861

n.gel

0861
0

De668

Ne668

0e9

n.668
A.668
Ne668
N84l

Sample input (contd)

Nen17
Ne917
0.917
CeB61
Ne?61
De861
J.851
Q.841
0ePA]
NaR5]
Nel51
NeRAY
0.R61
CeR51
04851
C.8%81
04861
De861
0.B61

0.861"

0eBb1
0.861
Ce8A1
£.851
0.861
c.861
04861
NeB61
".861
N.861
CeB61
2.861
0.8k1
fe261
fe8h1
04776
C.776
04776
N.776
2.776
Ce776
Ue?76
0.776
04776
0.776
0.776
C.776
0.776
0.776
04776
0.776
0.861
n.861
C.861
0.861

0.861

0.861
n.851
0.861
C.861
0.861
94861
0.861
04861
0.861
0.861

0.861

04568
04658
Nekb8
Nee68
04668
G668
C.568
De668
Ce65b8

L 0.668

0e668

Deb68
De668
N.RAR
Ne&A8

Z2e917
0e917
Ce917
2861
DeB61
CeB61
Je841
0861
Q86"
CegA1
TeRSY
Ce88)
CeR6N
CeB6Y
0+861
04861
Ce861
CeB81
0«861
CeB61
NeB61
SeB61
CeBEN
Ne861
0e861
0.861
0eB61
CeB61
24861
0e861
D861
Te861
TeBb1
Te861
0.861
24776

Nel76

D776
0.776
o776
04775
0.776
0.776
0e776
0.776
0,774
0.775
1.776
N.776
04776
C.776
0.861
0.861
0.861
De861
0.861
0.861
0.861

5.861

CuB61

“d.88]

0eB61
OeB61
Q861
Ce861
0+861
0+861
0668
Ce668
nL.6ER
Ceb568R
Ce668
Cehb6R
Ceb68
Ne668
Ceb6B
Te668

04668

Ge668
Ce66R
o868
0,668
04668
fe841
04841
Ne841
Ce841
0e841
CeB41

0e841 "

NeBal
JeBal
Oe841
o841
CeB4Y
DeB4Y
Ce841
0.841
De841
0596
04596

NeG17
04917
0917
9.861
feBE1
7.861
NeB61
0.861
N.867
MeRAT
NeBAY
TeR&Y
NeB6]
0«861
04851
0«B61
N+861
NeB61
04861
CeB61
0e861
Te861
NeBE1
NeRE1
NeB6]
7861
0861
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0e17
0e917
Ne917
Ce861
CeB61
Del61
OeB61
DeB861
NeBHL
Ne861
0.861
0861
0861
Ce861
De861

"Ce861

CeB61
0.861
0.861
Ca861
00861
N.861
C.861
0.861
0.861
0.861
0e861
04861
2.861
0.861
0.861
DeB61
C.861
0.861
0.861
"Nea776
neT76
0e776
0.776
0.776
0.776
Ce776
0.776
0.77

ne776
0.776
Ce776
2.778
0.776
04776
0.776
0.861
NaB61
0.861
C.861
0.861
n.861
7861
C.861
C.861
C.861
0.861
0.861
0.861
0.861
0.861
0.861
0668
Ce548
Ne6&8
N.5€8
Ce668
0.668
0.668
0.668
DebkB
0.668
04668
N.&kB
Ne668
0.568
04568
04668
o841
0.841
S.841
OaBol
0+841
CeB41
Ce841
ne841
n.841
NeB4)
0.841
GeB41
De841
CeBal
0eB4l
0841
0.596
04596
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0i596 ~ 0598
0.594 N.596
[APYA h.0T
04596 Ne5%6
NYEGE T TR 596
0e596 04596
ST 7,598
0596 Ne596
0596 TTL596
04596 04596
oin .0
0+596 ne596
‘0v596 D.596
04596 0596
meA NJEED
NeRKH? NJBR2
TIRAD (AT
Cerb? LY
040 2.0
3562 BUB62
0,562 0562
0567 N.562
[R%s} N.562
[ L¥ Aa862
04562 Ne562
[T Tn.862
nett 1.2
T T A PP)
Nesk? ".562
0562 n.562
0.0 ne75
0475 n.75%
0475 0e75
N475 .75
0.0 nN.0
"5 n.75
0475 075
o785 n.75
Nen .75
Q.78 .75
N7 n.75
0e75 n.78
e n.n
0475 .75
Ce75 5.75
Ce75 0.75
0.0 0.75
0.75 n.75
N.75 fe?5
fe75 n.75
fer N0
£a75 .75
ne7s .75
2.75 .75
0.0 n.75
075 n.7s
Na75 Va7
Ge7T5 Ge75
Ced 0.7
N.75 n.75
0a7% 7.758
ne75 ~,75
Cen TeR62
LY ".E62
0567 ~.862
0.562 04562
o n.0"
Ne567 n.562
Ce562 7562
Ne567 re562
Ten” TeR62
nNe562
ne562
Nes62 N.562
CeN n,n
Ceb62 n.562
0.562 n.562
04562 562
Nen nNe473
0e473 Net73
0es73 Ne473
0e473 fet73
Cen 0.0
Gets 72 Nea73
Det71 naa72
Nets 72 Mot 13
oen Aea73
Det77 0,473
Cen72 Net71
4472 f.673
0.0 0.0
0s672 0,672
fun 7 nea?3
0e473 Net73
8.0 N.316
016 fe316
ferlp n,316
Ce?14 N6
oen o.n
Ne116 ~e216
Dea16 na3le

Sample input (contd)

0556 0596 T 0s596 —  Us596 — Us5YE
04596 04596 04535 0.596 0.0
Thes9% 04596 T8 U.596 0596

04596 N¢596 04596 04596
TTTTUVE%% T T T 0,596 T U.596 T U.596
0.596 0.596 0.596 0.596
TU.598 N5986 U595 U598
04596 Ne596 04596 04596
Ce5986 0«596  ~ "0+596 U596 Ue596
04596 04596 0.596 04596 0.0
045967 VL5967 0i5YE T T O0RSYE T UeSYE
Ce596 0e596 04596 04596 04596
0.596 7 TONSYET TTOTEYE T T T0R5YE U596
04596 04596 0.596 0.596
N.582 0562 VeSEZ 7 T0v567
04562 Ne567 04562 06562
V.552 0567 TS562 0562
0e562 0e567 0.562 0.0
04562 04562 0.562 0.562
0.862° ~ TJ562 0582 .
0.562 Ce562 04562
[OSY-Y VBET V6L
04562 04562 04562
Ne562° 0562~ 0,587
0562 0.562 0e562 0.562
0.662 G562 7 0562 0.0
04562 04562 04562
4562 0.562 0.562
04562 0.562 04562
04562 0.562 0.562
0475 B 0475 0475
0.75 5.75 0.75
0.75 0475 075
0,75 0TS 0.0
0475
.75 -
075
.75 -
.75
0.75
Ne?5
G.75
.78
.75
0.75
0475
.75
Ne75
0475
0475 )
.75 B
0.75
f.75
De75
2.75
0475
.75
0.75
.75
475
D75
2475
LYY
T e5h7
Y 04562 04562
04562 0.562 2.562 0.562 0.0
0.562 0562 ° 04587 0.582
04562 Ca562 0e562 0.562
04562 T 0562 V562 04562
N.552 Ne562 0.562 04562
5e562 Ne562 0.562 7 0.562
GCe562 Nab6P De562 04562
Ne562 0567 0.562 Ne562
0562 %562 04562 0.0
0.562 T 04562 “0.562° 0.562
0.562 N.56> 04562 0562
Ca562 04567 0562  C.562
0562 0562 04562 0.562
Nets73 Nets73 0673 0e473
0et73 0et73 04473 0.473
Dets73 NetT3 Ce& T3 7 0473
0.473 0473 0.473 0.0
0e473 Qe 73 0.473 06473
Cou73 Cet72 0673 0.673
Nes?72 Nets72 Cets 737 XA
Nett 73 Net72 Net73 Net73
Nt 0et73 DeaTV T OATY
Net73 0et72 04473 04473
0e473 04473 0473 0.473 04577
0.473 0673 Qet73 Net73 0.0
04473 Cet73 fe677 0473 TedT3
0.473 0e473 0et73 0473 04473
Gen?13 D673 Ded73 De&73 ° TTUATT
0e473 Je473 04473 0473 06473
24316 0.316 0.316 J.316 04316
Ne316 Ne316 Nedlk 0e316 0.316
Ne214 0.4 Nealh Ne314 Ne16
Ne14 04314 Ne16 0.216 2.0
T 0116 Ne316 AR ] 0.1 7 0.31%
n.316 04316 Ne3lh 0.316 0.316
_N.316 Ne316 Ne31k Ce316 C.3156




Sample input (contd)

0.316 0e316 0316 0316 0+316 0.316 04316
TeT U.31I% U316 Ue3TH U« 3T U316 TUe3TH
0e316 0«316 D316 0.316 De316 0.316 0316
U318 U3TE T3TH Ue3TE U316 COER L] 0I5
D+1316 Ce316 0316 0316 0.316 CGe316 0.0
UeT U T U316 U+3T6 U376 U316 03T
Oe216 0e316 0.316 0e316 Ne316 0e316 0.316
U TIE UTITE 0T3TE 3T BACEBE] OIS -1
De216 Ce316 0.316 0e314 0.316 0316 0.216
0.0 0.211 0.211 0e211 0,211 0e211 Ne211
Tef 0,211 D0.7211 0.211 0.211 5211 Ae211
0.0 0,211 04211 De211 T.211 0e211 0.211
0.0 0.211 0.211 0.211 0.211 5.211 0.0
Ce0 0.0 0.211 0211 0.211 06211 0.211
Cs0 0.211 0.211 0217 0.211 0.217 0.27211
0.0 0.211 0.211 0.211 0.211 0e211 0e211
0.0 0.211 6.211 0271 0.211 0.217 0.211
0.0 Na211 0e211 0211 Ne211 0211 06211
9.0 D.211 04211 0.211 Ne211 b.211 0.211
Oen N.211 0e211 0211 0.211 Ce211 Ne211
0.0 Ne211 0.211 Ne211 nN.2117 Ce211 N.0
0.0 0.0 0e211 04211 Ne211 0e211 0.211
Oun n.211 0e211 04211 Ne211 0,211 0a211
(Y] 04211 04211 0211 Ne211 0.211 04211
0.0 0.211 0.211 D211 0211 0.211 0.2T11
15.0 15.0 15.0 15.0 15.0 1540 1540
15.0 15.0 15.0 15.0 15.0 15.0 15.0
10,0 20.0 10.0 2540 10.0 2040 3640
27.0 60 2.0 0.0 0.0 158.0
Ce0 0.0 0.0 0e0 0.0 0.0 0.C
Dl De? 0.0 0.0 Ye 0 Qa0 D0
Os0 040 0.0 0.0 0.0 0.0 0.0
0.0 0e0 0.0 0.0 [N 0.0 0.0
0.0 040 0.0 0«0 NeD 00 0.0
0.0 0.0 0.0 0.0 0«0 0.0 0.0
0.0 0.0 0.0 040 Ce0 0e0 0.0
0.0 0«0 0.0 0«0 Oe0 0«0 0.0
00 C.0 0.0 0.0 0s0 0.0 0.0
00 0.0 0.0 0.0 0.0 0.0 0.0
00 0.0 0.0 C.0 2.0 0.0 0«0
0e0 0.0 0.0 0+0 0.0 0«0 0.0
Ce0 N.0 0.0 0.0 Qe 00 0.0
Oe0 0.0 CeC [F% Qa0 Ce0 0.0
[sP%)] 0.0 0.0 0.0 0.0 D0 Na0
00 0.0 0.0 Qa0 0.0 0e0 C.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0e0 %.0 0.0 Ne0 0.0 0.0
0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
Ce0 0.0 0.0 0.0 00 0.0 0.0
0«0 0.0 0.0 0.0 0.0 0.0 0.0
Qel 0«0 0.0 0«0 0«0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0e0 C.0 0+0 040 0o 0«0 0.0
o0 0.0 0.0 0.0 0.0 0.0 Q.0
Oe 0.0 0.0 0.0 0.0 0.0 0«0
0.0 0.0 G0 G 8.0 0.0 0.0
00
0.0 0.0 0.0 00 Te0 0«0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
00 0.0 040 0.0 00 0.0 00
0.0
—«029 ~«019 -+010 —+001 ~+055 ~e 046
-+«037 -.028 =019 ~+010 =016 ~.012
~+008 ~+ 004 0.000 04004 -«023 -e018
~e013 -.008 =004 0.000 -+003 -.006
—+009 ~+012 —+015 -.018 -e014 -+016
—sN1? -.018 -.020 =027 0,028 0.020
~«002 -+010 0.006 0.001
-+013 =017 =«C19 =020
—023 -.025 -+«036 -e036
—e037 =037 =051 —e04Y
-.042 ~4040 043 -.046
—~eU55 —+057 =+ 047 ~eULE ~«U4Y
-.053 -+055 -«039 —« 044
—«USB =+0627 =080 =«058
-+050 —+052 -e052 -«057
= UKT =072 = ULE =0Ty
-+010 -+001 ~eG55 -.08
-+019%9 =+0710 —«0T6 =«0T72
0.000 0.006 -e027 -e023 -.C18
=004 T+.000 U000 =003 =006
~e015 -+018 ~e012 -e014 -«016
=« U2U =022 U036 T U728 U. 020
-.002 -+010 0011 0006 04001
~+CI3 =017 ~+U018 ~e01Y —«020
-.023 ~.025 -.036 ~+036 ~+036
=037 =037 ~eU53 =«05T ~eU&Y
-+042 -+040 -+ 040 -+043 ~«046
~ o055 =«0DT =047 =eU4E R %24
-+053 -+055 -«03% -«039 -2 044
—eU5H =087 —+ 087 —eU8U —«UDE
-.050 -+052 -e047 -+052
=sU8T =077 =057 =sU%8
-e013 ~+004 -+057 —+050
=<0TE SO0T TOTH SOTU 007
0.006 04009 ~-.020 -+016 -«010
03007 0008 0700 0000 00
~e008 -+010 -+005 -+007 —+007
U e 34 U UoT Ak avr4-] Ve VIV
-.001 0.000 0.000 0.003 0.002
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Sample input (contd)

-0 -.009 -.013 -.016 -.018 -.019 -.019
=020 =020 =020 =022 --036 =034 =.033
032 -.032 -030 -+029 — 049 ~+046 -.043
=037 =036 =034 —+033 =032 =034 =036
=039 -.042 ~.044 — 044 -.037 -.038 -.039
=040 =047 = U%% = 0%5 =028 =03T =036
-+ 040 ~-. 044 -.048 -4052 -+051 -+050 -.050
= 049 = 059 =046 = U048 U7 = U%% =050
-.055 -.058 ~.062 -.067 -.056 ~e047 -.039
=031 =024 =016 =008 =057 = 0%5 =035
~4029 -.021 ~.013 24005 ~.008 -.003 0,002
~U.T08 0.010 T.012 0+0T% =01% =009 =007
0,002 n.005 0.008 0.012 0.006 0,004 04003
0.001 %000 =JONT =007 m.002 0. 000 =, 002
~001 ~4.003 -.007 -.009 04036 0.028 04020
Tenl0 0.002 T 000 =020 =025 T+000 =002
-.004 ~.009 -.013 -e016 -.019 -.019 -.018
=01 =.018 =TT =018 =036 =033 =030
-.028 -.026 ~.021 -.021 -4045 ~-.041 -.037
<030 =.028 =028 =074 =075 =025 =027
-+029 -+031 -+030 -+031 -.027 ~¢028 ~+029
<030 =032 —.03¢ <035 =021 =022 —.028
-+031 ~.034 -+038 -e042 -e041 043 045
EPLE] =042 =042 -.044 =038 =+040 =045
-4050 -+ 054 -.058 -.063 -.055 -.047 ~.040
~033 -.026 -.019 - 011 - 047 -+040 -.031
4024 -aN17 -.010 -.002 -.002 04002 0,007
0.012 A, 015 7.018 3.021 <007 =.002 0.003
04009 0,012 0.014 04018 04009 0.008 0.007
C.006 0.006 0.006 0.006 04009 C.007 0.005
0004 0.003 0.000 ~-.002 C.036 04028 04020
0+010 0.002 0.000 =080 =025 0.0C0 =.002
—.0C5 -.008 -.012 -.015 -.020 -.019 -.017
=017 -.016 =014 014 =036 =032 =028
-«024 -.020 -.015 ~+013 -e041 -.036 -.031
= 074 =.020 o018 =015 = 016 =017 =018
-eN19 -.019 -.018 -.018 -.017 -.018 -.019
~e020 —.n22 =024 =025 —.013 014 =.017
-+022 -.025 -4028 -.032 -.032 036 -+040
=038 ~eC37 ~.038 =040 =034 =032 =036
-.041 -.046 -.053 -.059 -.065 -e047 ~.041
<035 —.028 =022 =015 = 041 =.036 =027
-.020 -.014 ~.007 04000 0.004 0.008 0.012
0.015 n.01% 0.023 U.02% 0.000 0.00% 0.008
0.014 0.017 04020 0024 0.012 04012 04012
T.017 T12 0.013 T.013 0.016 T.012
0.011 0.010 0.007 C.005 04036 0.020
0.010 -.020 —.090 -.050 0.000
=005 =012 1% -.T72 =017
-.015 -.012 -.010 -.036 -.026
%020 =009 =003 =037 =075
-.018 -.010 -.006 -.009 -.010
=007 =006 =.C05 =004 =.0CY7 =008 =009
-.010 -.013 -.015 -.005 -.006 -.009
=013 =018 U7 =023 =027 =032
-.0209 -.034 -.036 -.028 -.026 -.031
= 03fh = 0a8 =055 = 054 =T%7 =047
-+036 -.024 ~.018 -.035 -.028 ~.022
=014 = ONG U007 T.012 U.016 T.017
04070 0,028 04033 0.007 0.011 04014
7013 0027 U.U30 0015 T-UTE T.0T7
0.018 0.020 04021 0.023 0.022 0,020
U619 T.017 T.0T5 U.017 0.0%6 T.0Z8 T-019
04010 04000 -.050 -.100 -.100 -+050 0.000
~«00% ~s012 =+ UT5 =024 =+020 =e017
-.014 -.010 -.006 -e036 -.030 -.023
=+01% =007 U007 —e033 =025 =+UZ0
017 -.002 0.003 -.001 ~-.c03 0.000
U.0U04 U007 TUIT T.0U7F U007 U.00T
04000 -.004 -4005 0.003 0002 -.002
e 04 =008 =017 =aCI1& =« UT9 ==07%
-.023 -4025 ~.028 -.032 -.023 -.018 -.025
=031 =.036 =043 = U5 =054 =047 =057
~+038 -.032 ~.027 -.021 -.029 -.023 -.017
=0T =008 U000 T+005 T+020 U027 U022
0,023 0,030 04034 04038 0.014 0.018 0.022
U028 02030 U.03% USU3E 0018 U+UTY U022
04024 04025 0.027 04029 04030 0.029 0.027
U.0Z6 U.U2Z5 UeUZ2 UeUTYT TU.U35 UesUZ8 U.UTY
04010 04000 -.080 -e154 -e217 -+100 0.000
=+0US = UU¥ =eUTZ =UlG =eUJZD e UZU =*UIT0
-.013 ~.007 -.007 -.002 -.037 -.028 ~+020
=UIT =a UUT UeUUT TWUTS ~e 029 =eUZ2U =015
-.006 0.000 0.006 0+012 0.007 04006 0.010
UeUTH U UTE T U UsUZh TOTT UerTT U UTU
0+010 0.010 04010 04010 0,011 0.010 0.008
U« TUS T, UUT UeUUT ~UU7 s UUD « U IV «UIT
-+017 ~e022 -.024 -.028 -.019 -.012 -.018
=+UZ8 =U37 =+ U3E “0G7 =03 s UT T <08
-+039 -.034 -+030 -.025 -.023 -+018 4012
A = VU U+ 00w UsU07 Vs UL vsULT JeULT
0.031 04035 04039 04043 0.021 04025 04029
04031 04038 0.041 0044 0.020 04023 0.026
T.h29 0.033 T.035 T.037 0. . 0
0,032 04033 0,030 04026 04037 0.028 0,019
0,010 0.000 =080 =154 =217 =.100 0.000
-+005 -.008 ~-.012 ~4014 ~e025 4021 ~e016
=TT =005 =003 U007 =077 =027 =0Ty
~4007 0,003 0.010 04023 -.024 -+015 ~+008
U000 U007 U0T% U021 0.0T5 — Us015— U020
04026 04030 04033 04037 04021 0.021 04020
0,020 _ 0.020 0.020 T.020 0.019 C.U17 —0.018




Sample input (contd)

JPL TECHNICAL REPORT NO. 32-979

0.013 0.012 0e011 0004 -»002 ~+008
=015 =.020 =025 =015 =200% =017
-.027 -.034 ~e043 —-e053 - 047 ~e043
~.036 -.032 -+028 -«017 ~e012 —«008
0.003 0.007 0e011 04030 0.033 0.036
04041 0004 D048 0.030 6.034 0.036
0044 0.046 Q0.050 0023 0.027 0.031
0+G37 T.041 04045 0.045 0.0644 0.042
0.039 04037 04035 04037 0028 0.018
0.000 -.080 —e154 —e217 -+ 100 0.000
-+ 006 -+009 —-«013 - 026 —e021 ~e016
—.00&4 0.001 0.006 =.037 =026 —e015
0.009 04020 04031 ~+019 ~+010 ~+002
0.014 0.022 0030 0.022 0026 0.030
04042 04046 04050 0031 0030 0.030
0.030 T.030 C«031 04027 0025 0.024
0,022 04021 0«019 04013 0.007 0.001
—.011 -.017 ~e027 =.010 =.001 ~.008
-e021 ~e030 —+039 -e052 -e048 ~e 044
-+040 -+038 =«03% -e026 ~+019 -«013
0.000 0.007 0.013 0027 0031 0.034
0e040 Oe044 0e047 0.031 0.033 0.035
04040 0.043 0e046 04030 04033 0037
0.044 0.048 0.052 0052 0.047 0.045
0e041 04039 04037 04025 0.018 04013
0.000 -+050 ~+100 ~+100 =.050 0.000
-+ 006 -+009 -+ 009 ~+030 -e 024 —+019
—.006 =.002 0.004 =037 =027 =.018
0.007 0.017 04027 —+017 -+008 0.000
0.C17 0.024 04036 0.025 0.029 0,032
06042 04046 0.050 0.035 0.035 04034
0.035 0.038 C.038 0.028 0.026 0.025
0.C24 04024 04022 04013 0.007 0.001
-eC11 -e017 -+023 -«016 -.009 -«016
-.029 ~+037 — 045 -+052 —+049 -+ 046
—+ 064 -«044 —+042 ~+035 —e027 -.018
-.002 0.008 0016 0.023 0.027 04031
0,035 “C.C43 0.046 0-032 ~ 0.033 §.034
0038 0.040 De041 0e043 0.047
0,050 0.055 04045 0.055 0,053
0e044 04043 0.039 0012 0.008 0.008
N.000 -.020 -a060 -.050 ~«025 0.000
-+003 -.004 ~.006 —a033 —e027 —.022
~-,008 -+004 04002 -.037 ~e028 -.018
0.005 0.014 T.02% =015 =.006 0.003
0.020 0.028 0.038 0.028 0031 C.034
B.043 T.046 D049 0.0&0 0.040 0.038
04045 0045 04045 04029 0.027 0.027
0.028 T.028 0027 T-012 U.006  ~ 0.000
-.011 -.017 -.023 -.022 -.018 -.024
=.038 =>U%4% =051 =051 =.050 —< U048
-.048 -.050 -.049 . 044 -.034 -.023
=003 D.0C8 T.020 n.020 0.024 0.028
0.037 0.041 04045 04032 0.032 0.033
B.035 T.0%6 T.T36 0045 U053 0.05%
04055 0.060 0.054 0.067 0.055 0.050
U. 048 T<T%5 T4 T. 000 =002 U.003
04001 0.000 -4020 -.025 0.000 0.001
—« 00T —e007 =+00% =U3% =<+ U3V —eUZ5
-.010 ~+006 04000 -.038 -+029 -.020
U003 T UTT TeU2U —«Ulh == 0U% UeUUDJ
0.023 04033 Ce042 04031 0,033 0.036
T U473 T.ULRS U039 T UL% Ve ULD UsUBZ
0,050 04050 04051 0.029 0.028 0.029
T.C37 V037 U031 U117 T U5 U000
-.010 -.016 -.023 -.028 -.027 -.032
=UGT =<057 =057 = 05T =050 =< 050
~-«052, -+055 -+056 -+052 -e041 -+028
=004 U UTE V.UZ3 TeUTY UsUTY T UZ3
0.035 0040 0044 0.033 0.032 0.032
UeU37Z UeU33 U372 TeUD UeUDS UeUDQ T
0.063 0070 0.073 0.068 0«060 0055
U050 U-U3% U0 ~eUlZ = UTU =007
0,005 0.010 0.000 0.000 0.003 0.003
T 0UT U000 =« U027 =« U3Y =« U3% = 0ZT
~+013 —-+008 -+002 ~«038 ~+030 —-e022
UL 00T 0L007 T0TE == 0T3 =e003 0007
0,028 0.036 04046 04034 0.036 0.038
UT.URL UeU&6 V. 04E Oe UGS Teooy T-088
04055 04055 04057 04030 0.030 04031
U.U3% Ue U35 O U UTT UesUUD Ve UUV
-+010 —e016 -+023 -e034 -«035 -+040
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Sample input (contd)

~e046 -.058 -+063 0,050 -+052
=<0%6 =061 %063 0.067 =034
~-+020 0.008 0025 D.014 0.024
0.029 0.039 T.044 0,033 B.031
0.030 0.028 04028 04059 0.067
T.070 0077 0.081 T.075 T.065
04060 04050 0.045 -e024 -.008
0+002 0013 0.027 0.007 02005
0.004 0,002 04000 -.043 -.033
~i026 =.010 =004 =038 =02%
~e014 04004 04012 -4011 0.010
04020 0.040 U051 0037 D041
0e042 0+046 0048 04053 0.056
0.058 0.061 0.063 0,031 0.033
0.035 0.037 0.038 0.010 04000
=.005 ~+016 =023 ~+039 =+ 049
=055 -+066 -+071 -=+050 =056
—+066 =.072 =075 =.018 =015
-+0l4 -.012 -.010 0.021 04020
0.020 0.019 0.019 0.036 0.032
0,030 04026 04025 0.059 0.051
04045 0,035 0.031 ~.004 =.015
-+020 -+030 -+035 ~+024 -.016
-.013 -+006 =+003 0.017 0.006
04001 -+010 -.015 ~«005 -.023
=2030 =047 =056 =016 =017
-+018 -.020 -+020 04010 0.013
04015 0.019 0,021 0.056 0.049
04045 0.0138 0034 Ne075 04061
0054 0.040 0.033 0.070 0.050
04040 0.020 0.009 04032 0.002
=014 <046 =061 =004 =.035
-+050 -.081 ~+097 —+056 -+063
~.063 -.068 =J070 2018 =013
~e011 ~-+005 ~-+003 0.026 04024
0.023 0,021 0.021 6036 0.033
0.032 0.028 0.028 04029 0.051
0+047 0.039 04035 . 001 =012
-.015 -+026 -.032 -.021 -+013
~<009 ~.002 0.000 0.017 0.006
0000 -+012 ~-.018 -.008 -.025
-.032 -.050 ~.059 ~.024 =.023
~e023 -+022 -.021 0.008 04012
0.015 0.019 0.022 0.054 0.048
0.045 0.039 0.036 0073 0.060
0.054 0042 0.035 0.072 0.052
04043 0.023 C.013 0.035 0.005
~.010 —2042 =.057 ~.010 ~.038
<052 =078 =09 - 405% =% 080
-+059 -.063 -.065 -.019 -.010
-+007 0.000 0.004 0.031 0.C28
0.027 0,024 04023 0.035 0.033
0.033 6.031 0.030 0.059 0.052
04049 04042 0.039 0.002 -.007
-+011 -.023 -.029 -.018 ~.010
-+006 04000 0.003 0.017 04005
=001 —.01% =010 =027
-+035 -+053 -.032 -.029
~.028 —.024% 0.005 T.011
0e014 0.020 0.050 0047
0.045 0.040 0.072 T.080
0055 0.044 0.074 04055
0.046 0.026 T+039 0.009
-+ 006 -+038 -.017 ~.042
=054 =078 =057 =057
-+056 -.060 -4019 -.009
=003 0,002 U007 T.036 0.0327
04030 0.028 0,026 04035 0.034
0.03% 0.033 U032 "U.U58 T U5%
0.052 04049 0.046 0,005 -.003
=+ 0U7T =+UTT =eUTY =+ UTS =eUU7
~+003 0.000 0.003 0.018 0.00%
=e0U07 =009 =«UTb =e U173 =eU3U
-+038 -.046 ~.055% ~+040 -.035
=033 =029 =075 U007 TS 00Y
0.0113 0,017 04020 0.047 04045
U.0%4% 0.0%7 U047 T U7T UL UE0
04056 0,051 0.046 0.075 0.058
U.049 U.U&T U030 U.VU473 U013
—e002 ~+018 -.033 -.023 -+045
=+UDG =« UBS =eUT75 =eUDT eUDD
-+053 ~e054 ~+054 -.020 -.007
U000 U.0U8 U017 U+0TY U051 0.03%
04033 0,031 0.028 04026 04035 0.035
U.03% U.U3% UeU34 UsU3% UsUDE UeUDD
0.054 0052 0,050 04049 0.008 0000
=e00% = UUY =018 =3027 =017 S00%
04000 04003 0.007 0.011 0.018 0004
<007 ~«UTU = UT7 ~eU2% =« UTY ~eU37Z
-+040 -.048 -+057 ~e065 -e048 -+040
=07 =eUFY <029 T02% 0000 Ve UUT
04013 0.017 0.021 00028 04045 04044




i JPL. TECHNICAL REPORT NO. 32-979

Sample input (contd)

04044 0+ 044 0.043 04043 0.069 04064 0.060
V.056 T.052 U048 LY er %) ©-U76  U.088  0.060
Ce052 0eC43 0.034 0-025 Ve048 0.032 0.017

- 0002 =.0I3 —<02% =045 ~+030 =-039 —<048
~-«057 -«066 -«076 -e050 ~051 -e052
=.049 =050 =050 =050 =.020 =013 =005
04003 N.010 0.018 0028 0046 00043 0.040
T.036 0.034 0.031 0.028 0.03% 0.035 7.03%
04036 0.036 0.036 0.037 0.058 0.057 04055
0056 0.055 0.054 U054 0.011 0.008 8.005
0.001 ~+005 -.011 -«017 -+008 -+ 004 04000

<003 - 5.010 0.015 T.018 T0.01T T.004
-+003 -+011 -«019 ~e027 ~«017 -+025 -+035
~e043 ~«050 ~e060 -+068 ~+056 —+052 =04
—-e 041 -+036 ~2031 ~e026 -e002 0002 0007
0.013 0.017 D.022 0.026 0043 De043 0.043
Do 084 04044 0045 0e045 04068 04064 0.060
0056 0.053 D049 0«045 0.077 0070 0.062
0.05% NeN46 0.0138 0020 0.052 0037 0.022
04006 -+ 009 -.026 —eD4] -+036 =e045 ~+052
-«058 -+ 067 ~e075 —+084 ~«049 049 —e 049
~e046 -e 046 ~e045 —e045 -+020 —+013 -+003
0.006 0.015 04023 0033 Ne051 0.048 0.044
04040 0.036 0.033 0.030 0.035 0.035 04036
04037 0.037 0,038 04039 04057 0.057 04057
0.058 04058 0.058 0058 0.014 6.012 0.009
0006 04000 -+006 ~e012 —e 004 04000 04003
0006 2.010 0.014 0018 0.019 0.011 D.004
~+004 -.012 ~+020 —-+029 4020 -«028 -+037
-« 045 -e053 -+062 ~070 -e 064 -«059 =052
-e045% -.039 -+0133 -+027 ~+005 -,001 0,006
0.012 0.017 0.023 0.027 0.040 0.042 04043
0e0b4 04045 04047 0e048 04066 04063 0060
0057 0e055 0.052 T.048 0078 0071 0.066
0057 04049 04041 0.033 0.057 0042 04026
0.010 -«006 -e022 ~e038 - 043 —+050 -+055
-2060 -.066 -+073 -+081 -4 047 -+047 ~e 046
—.043 =.043 ~+0a2 =2040 ~e021 =010 0,000
0.009 04020 04030 0.+ 040 0056 0+052 0047
0.043 04040 0.036 0.032 0.035 0.036
0.038 0.038 0.040 Oe041 0.058 0.058
C.059 0.060 0.062 0.062 0.015 0.013
0.010 04004 -+ 002 -+008 0.003 04005
0.009 0,013 0.018 0.022 G.011 5.003
-«005 -.013 ~+022 -+ 031 -«031 -«040
—+048 -+055 -.064 —e012 =065 —e058
~+050 -+ 084 -+035 ~+028 -e001 _ 0.005
04011 0.015 0.022 0.028 0.040 040642
TVe04a 0046 T.0a8 T.050 0.062 <060
0.058 0.056 0.054 04051 0.080 0.073 0.066
0059 0.052 0.044 0.037 0.061 0.046 0.030
04014 -+002 -.018 —e034 -+ 049 -+055 ~e059
~+067 —e067 —.073 -.078 =045 —. 04t
~e040 ~4039 ~e037 -.035 -.021 ~+010 0,002
0.013 0.024 0.036 T.048 0.056 N.052
Oe047 0+043 0.039 0+034 04035 0037
0039 0,040 T.041 TeTa3 0.058 0.060
0.061 0.063 0+065 0.066 0.019 0.017
0.015 0.00% T.003 =.003 U.005 T.009
0.013 0.017 04022 0026 Ce.C11 0.002
=.006 =015 =.U2% =033 =s03% =042
-+050 -+058 -+066 -e074 ~«072 —e064
=055 =046 —<037 =029 =+00Z T.00%
0.010 0.016 04022 0.029 0.038 0.041
D044 0047 TU.050 T.053 [ ZYL3) 0. 081 T<059
0.058 0,057 0.055 0.053 0.082 0.075 0.068
0.081 0.054 V04T U.04Y 0.065 0. 04Y U033
0+017 0.002 -+014 ~«030 -+056 ~+059 ~e062
=+085 —<068 =e072 =075 = U%3 =<U&2Z

4

T T+ T+5 TUT.
90,0 Oe 1.5 100,

T80.0 Ue T.5 100,
2700 Oe 1e5 100,
—EOF
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Sample input (program 5345)

8% (] 4 66
1e22l 4324 - . Oa e . Oa .o 2.0 -50a- O
2.0
9 -2 1 2 - R
24 24 24 24 26 24
24 24 I S
Ne 1.0 1.0 1.0 1.0 140 1.0
w0 — 3B e - S -
9N, Ce 240 50,
L 7 DU - DU PO —— 50 - - oo
0. 1
58450 7420 . ~a00134 «02254 20214) . _3a22 10703
54452 22.58 =+00175 «02225 «02411 3472 10701
—— 46481 . .- 35492 . -+0032% «G2086 02621 3472 10403
35492 46481 -« 00293 «02026 «02973 3672 10401
- 2258 B6e52 - - =e00136 «02141 «03275 3472 10107
7470 58450 -2 00047 02122 +03278 3472 10105
T 20 58450 —— e Q00047 «02122 03278 3472 — . 20105
«22458 54452 +00136 «02141 03275 3e72 20107
35.92 46 v 81 - «00293 «02026 «02973 3672 20401
-46481 35492 00325 «H2086 +02621 3.72 20403
c——=She8] 22458 —— — +00175 «02225 02411 3,72 20701
=58450 7.70 «00134 202254 «02141 3.72 20703
— =5Be80 ~7a70 . oo o .. 00013 . 402249 .._a0138Q0 ~3.72. .. . 30705
-54481 -22458 -+ 00167 «02182 «01085 3.72 31101
e =h6aBl . -35.92 ~-a00293 «02063 «00729 S 3a72 31103
~35.92 ~46481 ~e 00246 02028 « 00754 3.72 31401
e m=22458 ~54.452 -+ 00251 «02042 «00713 3472 31403
=7.70 -58450 -+00047 02088 «00595 3672 31405
220 =58480 e #00QG7 . .02088 . 00895 372 . 41405
22458 ~54452 +00151 «C2042 «00713 3.72 41403
—— 35,92 __=46.81 « 00246 «02028 «00754 2472 41401
46081 -35.92 «00293 «02063 « 00729 3.72 41103
——— S4e8]1  ~22.58. . _ - «00167 202182 «01085 3472 41101
58450 =7.70 -+00013 «02249 «01580 3.72 40705
114402 15401 -—~a00121 «01578 202364 . 17465 10109
106426 44002 ~.00032 01659 «02859 17.65 10707
91e25 -- 70402 -e00311 «C1565 +03778 17.65 10407
70.02 91425 ~. 00269 «C1671 « 04446 17465 10405
—ely Q2. . 106426 —— - — -~eQU05Z «C2C83 «046722 17465 12113,
154,01 114,02 ~.00012 +02168 204666 17.65 10111
15.03 1a.02 e eR0012- - - 02168 - - «04666——— 1765 201121
=44,02 106426 «00057 +02083 04722 17465 20113
——=70+02 -~ 9125 « 00269 «01671 «046846 17465 20405
-91.25 70,02 «00311 «01565 +03778 17.65 20407
—=106+26 - 44eQ2 . .. - +00032 «01659 +02859% 17465 20707
-114.02 15,01 +00121 «01578 «02364 17.65 20709
=114402 -15,01 . —-e0122- «01542 201197 . 17465 30711
~106+26 -44402 -+00023 «01556 +00276 1765 31105
- —=91e25  ~70.02 -.00179 «01542 —-+00232 17695 31107
-70.02 -91.25 -.00138 «01655 —-«0028¢ 17.65 31409
J— — —106.26 — ~200C57 «C1831 -+00350 17+65 31411
~15401 =114.02 «C0002 «C2013 -+00826 1765 31413
15401 ~114.02 =200002 02013 -,0Q0826 . __ 1765 .. _ _41413
44402 =106.26 +00057 +01R31 -.0035¢C 17665 41411
_ =91.25_ ____ . 00138 L1655 -«00284 17.65 41409
91.25 -70.02 «00179 +01542 -+00232 17465 41107
106426 ~b44402 200023  _401556. _.00276  17.65 .. 41105
114,02 -15,01 ~.00122 «01542 «01197 1765 40711
211.73 27.88 -« 00146 «02044 «01728 34469 10909
—82e57— — - - =.00116 +C1990 402956 34469 - 10807
16944 130402 -+00768 «C1596 «05965 346469 10510
130402 16944 —— -+ 00663 +01655 . _ «070350 34469 10508
82457 197.32 -«00164 «02314 «05997 34469 10211
27488 211.73 -a00061 022138 205848 34469 ..._10209
-27.88 211.73 +00061 «02238 +05848 34469 20209
82457 197,32 — _«00164 _ 402314 a05997 34469 20211
-130.02 16944 «00663 «01655 +07050 344,69 20508
~169.44 130,02 00768 201596 . «05965 34.69 20510
-197.32 82457 «00116 «01990 +02956 34469 20907
-211a73 21.8R8 o ..a00146 . 402064 «01728 34469 .20909 .
-211.73 -27.88 ~.00070 «02052 +00116 34469 30911
=197.32 =B2.57 . =-200260 . .a01964 . -.00686 34469 31208
=169e44 =130.02 -+ 00384 «01779 -+00893 34469 31210
=130.02 =169.44 - . =a00281. #01665 —«01771 34469 31511
~82457 =197.32 ~«00311 «01199 -¢03931 34469 31513
=27488 =211a73 = 1696 _ —204647 34069 32515
27.88 -211.73 « 00069 «C1496 -« 04647 34469 41515
82457 =1974,32 -a03931 34469 41513
130402 =169.44 -«01771 34469 41511
169abk =130.02 . __ =+ 00893 _ 34469 41210
197+32 -82,57 +00260 .01964  -+00686 34469 41208
211,23 =27.88 00070 02052 200116 34469 40911
291418 38434 ~+00170 201913 «01124 17.27 10916
271433 112439 _ ~.00038 _..02099 « 02546 17427 10913
233,00 178.79 ~e00142 »02133 03938 17427 10515
- . .- 202144 209004 1727 10912
112439 271433 202642 «05855 17.27 10218
38,34 291,18 02226 206348 17427 10215
~38434 291.18 +00005 02226 «06348 17.27 20215
_ L =312.39 271,33 . ._=400036.. . 202442 «05855 17427 20218
-178479 233,00 +00137 202144 +05004 17.27 20512
=233.00 178416. _ _a0Q0142 .02133 . 03938 17427 20515
=271.33 112439 +00038 «02099 «02544 1727 20913
~291.18 A8.34 200170 01913 201124 17227
-291.18 ~38434 -e00145 01720 ~+00779 17.27 30919
——=271.33  =112,39 e ma00613 401392 _ -.02992 17427 ..31212
-233.00 -178479 -.01023 +00962 17.27 31215
=17829 __=233,00 ~.00873 _  «00815 17,27 31519
-112439  -271433 -.00750 +00577 17.27 31522
~38.34 __-291,18 ~4002649 401097  -4Q7376 17427 31525
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Sample input (contd)

38+34 =291.18 00249 01097 ~+07376 1727 41525
=~271,33 . _.00750 . _L.0051% -208386 17427 . 41522
178479 -233.00 «N0873 «00815 - 06339 1727 41519
233.00 =17B.79 - - a01023 «00962 ~a04756 . 17427
27133 -112.39 »00613 01392 -e02992 1727 41212
29118 =3R.34 ) =
345460 45450 -.00188 «01627 «00989 17.25 11005
322810 133440 — « 20099 «01962 .. . . 202185 __ 17.25 _ _11001
27646C 212420 «00276 «02311 « 02616 1725 10605
. 212620 .. 276.80 . _ ... 00395 02311 __«03714 . 1725 _ 10601
133440 322410 +00331 «02461 « 05567 1725 10307
45450 345460 +00060 402155 206543 17+25 . 10303
-45450 345.60 ~+00060 «C2155 « 06543 17425 20303
e —=133a40 . 322410 cm.—=a00331 002461 . #05567. 17e25_ 203p7_
=212420 276460 ~+00395 «02311 «03714 17425 20601
—276460 212.20 - 200276 . 202311 02616 . 17.25 20605
=322410 133440 -+00099 «01962 +02185 1725 21001
~345460 45450 .00188 01627 «00989 1725 21005
e 365460 . —45450 . . - =a00139 . 01370 .01230. .. 17425 . 31009
=322.10 -133440 -+ 00862 «00901 17.25 31301
= 276060 —~212420 — .. .. =eJ1709 00264 . 17.25.. .. 31305
-212.20 -276460 -+01074 «00262 -+08382 17425 31601
133440 222,10 = meB063T - SOC536 e 09127 17425 -31605-
-45450 -345.60 -.00226 « 00949 -+08386 17425 31609
— o 45¢50-  ~345.60 ——— e - - «00226. . D094, .. ~,08386 . . 17,25 . 41609
13340 -322.10 «00637 «00%536 1725 41605
2420--..2216460— - #0074 00262 17425 . . 41601
27660 -212.20 «01709 «CC164 17425 41305
322410 =133a40. . «00B62 .. .00501.. . —17a25. 41301
34560 -45450 «0C139 01370 17.25 41009
..399.20_ §2.60 -+00316 01503 «01C093 19434 11017
37200 154410 +00014 «02095 +02063 19.34 11013
o 315a40 24510 «00575 «02602.. 201584 19434 .loel4
245410 31%9.40 « 00744 «02597 «02671 1934 10610
154210 37200 R «0C564 «C2394. 205452 __1%.34 10317
52460 399.20 +C0156 +01984 06863 19434 10313
e =B2a60 399,20 .. _ -.00156 __.. aC19B4 __ +06863 __ 19.34 _.20313.
~154410 372.00 -« 00564 «02394 « 05452 1934 20317
meom265e10.. 319440 oL -a00744. __a02597... . 02671 19434 ___ 20610
=319+40 245410 ~+00575 «02602 «01584 19434 20614
=372.00 154410 - ~e00014 ____ 402095 _ . 02063 S3%e34 . 21013
~399.20 52460 «C0316 «01503 +01093 1934 21017
. =399.20 ~52.6C -+G0002 «30889 ~e01346 . 1934 31021,
-2372.00 =-154.10 -.00915 «00074 ~+05633 19«34 31310
~319640_ -245.10 ~a02460 . -.C0814 -+ 10699 19«34 ...31314
~245410 =319.40 -«C1782 ~«00034 -+10303 1934 31613
154630~ =372.00 ~+00990. 400597 . _-09791  .19.34 . . 31817
~52460 ~399.20 ~«00334 +00897 19434 31621
— 52460 =38989,20__ . .. #00334 . __ 4D0897 __~a0B8972 1934 . .41621
15410 -372.00 «00990 «00597 —+09791 19«34 41617
.. 245410 . 31940 . 401782 . —a00034 _ -210303 = 19434 41613,
31940 ~245.10 « 02460 —«00814 ~« 10699 19434 41314
372400 =154410 - A0R0915 400074 .. ~+03633 1%.34 41310
399420 =52+60 « 00002 00889 —«01346 19.34 41021
.. 45060 __ 59,30 -2 00565 «01439 201364 _ . _ 22«21 . 11028
419490 17390 -« 00053 «01860 «02180 22421 11025
e 360460 276,70 ... «01008. . 202764 . 00605 = 2221 . ...10621
?276.7C 36C+60 «00987 «03002 +01652 22421 1061
123,90 419.90 _a00419 ... _a0£2376 .. 05517 . .-.10326
5943C 450460 +00CB1 01758 «07258 22.21 10323
59,30 450460 e~ - =eQN0B] +01758 . 07258 . 22.21 . . ..2D323_
-173.90 419.90 ~+0041% «0237¢ «05517 22421 20326
e m276.70 - 36060 ~.00987 03002 _a01652. -_22.21 ... 2061B.
-360.60C 276470 -.01008 «02744 « 00605 22.21 20621
—418.90 1732490 Qo0sa 01860 02180 22421 _21025
-450460 5930 «00565 +01439 «01364 22.21 21028
=450e60 . =5%.30. . ... 00191 ___.01132.. -a01183 22.21 31031
-419.90 -173+90 -.01256 00375 -« 06361 22.21 31318
_ =260.60 =276.70 . - —=e03225 _.-a01201 .._=~e12715 . 22421 31321
-27670 -360+60 -e01967 -.00533 -+11719 22421 31625
= = —a00B16. 00567 -=10143 . 22221 31628
~59430 ~450.60 ~.00233 «01005 -+.09185 22621 31631
59,30 =£450.60 e 400233 .. 01005 —0%185 ___ 22,21 . 41631
17390 ~419.90 «00816 «00567 ~e10143 22421 41628
276470 -360a60 N1967 —a00533 ~211719 22421 41625
260460 -276.70 03225 -.01201 -+12715 22+21 41321
419490 ~173+90 «01256 «00375 -e06361 22421 41318
450460 =59,30 . ... ....=e0019) 013132 =-01183 22421 .. 41031
505460 6660 -e01095 «01344 «02171 25«00 1102¢
— 195420, . =,00431. 01775 . 02744 25200 11034
404460 31050 «01262 «03002 -+00102 25400 10626
210450 L0LABO 01302 03309 00832 2500 10624
195420 471.20 +0044s « 02162 «05806 25.00 10332
HH6S 505 .60 00076 01394 07860 25.00 10330
~66460 505460 -«00076 «01394 «07860 25400 20330
195420 47120 00444 02162 05806 25.00 20332
~310450 404460 ~«01302 «03309 00832 25400 20624
40460 310450 - 01262 03002 =+00102 25.00 20626
-471e20 195420 00431 01775 02744 25400 21034
505460 66060 01095 - 02171 25400 21036
-505+60 -66460 «00742 «01068 ~«00409 25400 31038
471020 195,20 01067 00265 - 006329 25400 31324
~404+60 =-310.50 -+03710 -« 01649 -+14097 25.00 31326
2310450 =404o560. =.02133 =, 00586 ~a12220 2500 131638
~195420 -471420 ~+00760 «01027 ~e09627 25.00 31637
56060 =505.60 =00200 01592 ~aNB&429 25400 21639
66460 -505460 +00200 01592 -+ 08429 25.00 41639
195220 471,20 anzsn 01027 = 09627 2500 41637
31050 ~404.60 «02133 -.00586 -e12220 25.00 41635
406260 =310450 03710 ~a01649 -214097 25200 41326
471020 ~195.20 01067 «00265 -+06329 25.00 41324
505260 ~66260 ~200742 201068 -+ 00409 25200 41038
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Sample output (program 5338)

RADIATION PATTERN COMPUTATION ENGINEER PHIL POTTER FORMULATION CHUCK LAWSON

CASE NUMBER 522
30FT REFLECTOR AAS SCALE HORIZON DEFLECTED SURFACE BEST-FITTED

INPUT VALUES

PROP, CONSTANT FOCAL LENGTH FACTOR RADIUS NO. OF BETA
L/ INCHES INCHES oe INCHES VALUES
8.693 150.000 0.

0. 1
7.000 112
14,000 112
21.000 112
28.000 112
35.000 112
42.000 112
49.000 112
56.000 112
63.000 112
70.000 112
77.000 112
84.000 112
91.000 112
98.000 112
105.000 112
112.000 112
119.000 112
126.000 112
133.000 112
140.000 112
147.000 112
154.000 112
161.000 112
168.000 112
175.000 112
180.000 112
RADIATION PATTERN COMPUTATION ENGINEER PHIL POTTER FORMULATION CHUCK LAWSON

CASE NUMBER 522

INPUT ARRAYS

W ARRAY 1.4

1
0.

2
0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. a. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0.

3
0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0.
0. ' 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0.

&
0. 1.000 1.000 1.000 1.000 1.000 1.000 1.000
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
1.000 1.000 1.000 0. 0. 0. 1.000 1.000
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
0. 1.000 1.000 1.000 1.000 1.000 1.000 1.000
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
1.000 1.000 1.000 0. 0. 0. 1.000 1.000
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

H
0. 1.000 1.000 1.000 1.000 1.000 1.000 1.000
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
1.000 1.000 1.000 0. 0. 0. 1.000 1.000
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
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i1

1.000

1.000
1.000
1.000
1.000
1.000
1.000

0.

1.000
1.000
1.000
1.000
1.000
1.000

0.

1.000
1.000
1.000
1.000
1.000
1.000

0.

1.000
1.000
1.000
1.000
1.000
1.000

1.000
1.000
1.000
1.000
1.000
1.000

0.

1.000
1.000
1.000
1.000
1.000
1.000
0.

1.000
1.000
1.000
1.000
1.000
1.000

0.

0.955
0.955
0.955
0.955
0.955
0.955
0.

0.955
0.955
0.955
0.955
0.955
0.955

0.955

0.955
0.955

0.955
0.955
0.955
0.955
0.955
0.955

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

0.955
0.955
0.955
0.955
0.955
0.955
0.955
0.955
0.955
0.955
0.955
0.955
0.955
0.955

0.955
0.955
0.955
0.955
0.95>
0.955
0.955
0.955
0.955
0.9%s
0.955
0.955
0.955
0.955

0.955
0.955
0.95%
0.955
0.955
0.955
0.955
0.955
0.955
0.955
0.955
0.95%
0.955
0.955
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Sample output (contd}

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

0.955
0.955
0.955
0.955
0.955
0.955
0.955
0.955

0.955
0.955
0.955
0.955
0.955
0.955
0.955
0.955
0.955
0.955
0.955
0.955
0.955
0.955

0.955
0.955
0.955
0.955
0.955
0.955
0.955
0.955
0.955
0.955
0.955
0.955
0.955
0.955%

1.000
1.000
1.000
1.000
0.

1.000
1.000
1.000

1.000
1.000
1.000
0.

1.000
1.000
1.000
1.000
1.000
1.000
0.

1.000
1.000
1.000

1.000
1.000
1.000
0.

1.000
1.000
1.000
1.000
1.000
1.000
0.

1.000
1.000
1.000

1.000
1.000
1.000

1.000
1.000
1.000
1.000
1.000
1.000
0.

1.000
1.000
1.000

0.955
0.955
0.955

0.955
0.955
0.955
0.955
0.955
0.955

0.955
0.955%
0.955

0.955
0.955
0.955

0.955
0.955
0.955
0.955
0.955
0.955

0.955
0.955
0.955

0.955
0.955
0.955

0.955
0.955
0.955
0.955
0.955
0.955

0.955
0.955
0.95%

1.000
1.000
1.000
1.000
0.

1.000
1.000
1.000

1.000
1.000
1.000
0.

1.000
1.000
1.000
1.000
1.000
1.000
0.

1.000
1.000
1.000

1.000
1.000
1.000
0.

1.000
1.000
1.000
1.000
1.000
1.000
0.

1.000
1.000
1.000

1.000
1.000

1.000

0.

1.000
1.000
1.000
1.000
1.000
1.000
[

1.000
1.000
1.000

0.955
0.955
0.955

0.955
0.955
0.955
0.955
0.955
0.955
0.

0.955
0.955
0.955

0.955
0.955
0.955

0.95%
0.955
0.955
0.955
0.955
0.955

0.955
0.955
0.955

0.955
0.955
0.955

0.955
0.955
0.955
0.955
0.955
0.955

0.955
0.955
0.955%

1.000
1.000
1.000
1.000

1.000
1.000
1.000

1.000
1.000
1.000
O.

1.000
1.000
1.000
1.000
1.000
1.000

1.000
1.000
1.000

1.000
1.000
1.000

1.000
1.000
1.000
1.000
1.000
1.000

1.000
1.000
1.000

1.000
1.000
1.000

1.000
1.000
1.000
1.000
1.000
1.000

1.000
1.000
1.000

0.955
0.955
0.955
0.

0.995
0.955
0.955
0.955
0.955
0.955

0.955
0.955
0.955

0.955
0.955
0.955

0.995
0.955
0.955
0.95%
0.955
0.955
Ve

0.955
0.955
0.955

0.955
0.955
0.955

0.995
0.955
0.955
0.955
0.955
0.955

0.955
0.955
0.955

1.000
1.000

1.000
1.000
1.000
1.000
1.000

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

0.955
0.955
0.955
0.955
0.955
0.955
0.955
0.955
0.955
0.955
0.955
0.95%
0.955
0.955

0.955
0.955
0.955
0.955
0.955
0.955
0.955
0.955
0.955
0.955
Ce 555
0.955
0.955
0.955

0.955
0.955
0.955
0.955
G.955
0.955
0.955
0.955
0.955
0.955
0.955%
0.955
0.955
0.955

1.000
1.000
1.000
1.000

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

0.955
0.955
0.955
0.955
0.955
0.955
0.955
0.955
0.955
0.955
0.955
0.955
0.955
0.955

0.955
0.955
0.955
0.955
0.955
0.955
0.955
0.955
0.955
0.955

0.9285

0.955
0.955
0.955

0.955
0.955
0.955
0.955
0.955
0.955
0.955
0.955
0.955
0.955
0.955
0.955
0.955
0.955
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Sample output (contd)

12
0. 0.917 0.917 0.917 0.917
0.917 0.917 0.917 0.917 0.917
0.917 0.917 0.917 0.917 0.917
0.917 0.917 0.917 0. 0.
0.917 0.917 0.917 0.917 0.917
0.917 0.917 0.917 0.917 0.917
0.917 0.917 0.917 0.917 0.917
0. 0.917 0.917 0.917 0.917
0.917 0.917 0.917 0.917 0.917
0.917 0.917 0.917 0.917 0.917
0.917 0.917 0.917 0. 0.
0.917 0.917 0.917 0.917 0.917
0.917 0.917 0.9t7 0.917 0.917
0.917 0.917 0.917 0.917 0.917
13
0. 0.917 0.917 0.917 0.917
0.917 0.917 0.917 0.917 0.917
0.917 0.917 0.917 0.917 0.917
0.917 0.917 0.917 0. 0.
0.917 0.917 0.917 0.917 0.917
0.917 0.917 0.917 0.917 0.917
0.917 0.917 0.917 0.917 0.917
0. 0.917 0.917 0.917 0.917
0.917 0.917 0.917 0.917 0.917
0.917 0.917 0.917 0.917 0.917
0.917 0.917 0.917 0. 0.
0.917 0.917 0.917 0.917 0.917
0.917 0.917 0.917 0.917 0.917
0.917 0.917 0.917 0.917 0.917
14
0. 0.861 0.861 0.861 0.861
0.861 0.861 0.861 0.861 0.861
. 0.861 0.861 0.861 0.861 0.861
0.861 0.861 0.861 0. 0.
0.861 0.861 0.861 0.861 0.861
0.861 0.861 0.861 0.861 0.861
0.861 0.861 0.861 0.861 0.861
0. 0.861 0.861 0.861 0.861
0.861 0.861 0.861 0.861 0.861
0.861 0.861 0.861 0.861 0.861
0.861 0.861 0.861 0. 0.
0.861 0.861 0.861 0.861 0.861
0.861 0.861 0.861 0.861 0.861
0.861 0.861 0.861 0.861 0.861
15
0. 0.861 0.861 0.861 0.861
0.861 0.861 0.861 0.861 0.861
0.861 0.861 0.861 0.861 0.861
0.861 0.861 0.861 0. 0.
0.861 0.861 0.861 0.861 0.861
0.861 0.861 0.861 0.861 0.861
0.861 0.861 0.861 0.861 0.861
0. 0.861 0.861 0.861 0.861
0.861 0.861 0.861 0.861 0.861
0.861 0.861 0.861 0.861 0.861
0.861 0.861 0.861 0. 0.
0.861 0.861 0.861 0.861 0.861
0.861 0.861 0.861 0.861 0.861
0.861 0.861 0.861 0.861 0.861
16
0. 0.776 0.776 0.776 0.776
0.776 0.776 0.776 0.776 0.776
0.776 0.776 0.776 0.776 0.776
0.776 0.176 0.776 0. 0.
0.776 0.776 0.776 0.776 0.776
0.776 0.776 0.776 0.776 0.776
0.776 0.776 0.776 0.776 0.776
0. 0.776 0.776 0.1776 0.776
0.776 0.776 0.776 0.776 0.776
0.776 0.776 0.776 0.776 0.776
0.776 0.776 0.776 0. 0.
0.776 0.776 0.776 0.776 0.776
0.776 0.776 0.776 0.776 0.776
0.776 0.776 0.776 0.776 0.776
17
0. 0.861 0.861 0.861 0.861
0.861 0.861 0.861 0.861 0.861
0.861 0.861 0.861 0.861 0.861
0.861 0.861 0.861 0. 0.
0.861 0.861 0.861 0.861 0.861
0.861 0.861 0.861 0.861 0.861
0.861 0.861 0.861 0.861 0.861
0. 0.861 0.861 0.861 0.861
0.861 0.861 0.861 0.861 0.861
0.861 0.861 0.861 0.861 0.861
0.861 0.861 0.861 0. 0.
0.861 0.861 0.861 0.861 0.861
0.861 0.861 0.861 0.861 0.861
0.861 0.861 0.861 0.861 0.861
18
0. 0.668 0.668 0.668 0.668
0.668 0.668 0.668 0.668 0.668
0.668 0.668 0.668 0.668 0.668
0.668 0.668 0.668 0. 0.
0.668 0.668 0.668 0.668 0.668
0.668 0.668 0.668 0.668 0.668
0.668 0.668 0.668 0.668 0.668
0. 0.668 0.668 0.668 0.668
0.668 0.668 0.668 0.668 0.668
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0.917
0.917
0.917

0.917
0.917
0.917
0.917
0.917
0.917

0.917
0.917
0.917

0.917
0.917
0.917

0.917
0.917
0.917
0.917
0.917
0.917
0.

0.917
0.917
0.917

0.861
0.861
0.861
0.

0.861
0.861
0.861
0.861
0.861
0.861

0.861
0.861
0.861

0.861
0.861
0.861
0.

0.861
0.861
0.861
0.861
0.861
0.861

0.861
0.861
0.861

0.776
0.776
0.77¢6

0.776
C.776
0.776
0.776
0.776
0.776

0.776
0.776
0.776

0.861
0.861
0.861

0.861
0.861
0.861
0.861
0.861
0.861

0.861
0.861
0.861

0.668
0.668
0.668

0.668
0.668
0.668
0.668
0.668

0.917
0.917
0.917
0.917
0.917
0.917
0.917
0.917
0.917
0.917
0.917
0.917
0.917
0.917

0.917
0,917
0:917
0.917
0.917
0.917
0.917
0.917
0.917
0.917
0.917
0,917
0.917
0.917

0.861
0.861
0.861
0.861
0.861
0.861
0.861
0.861
0.861
0.861
0.861
0.861
0.861
0.861

0.861
0.861
0.861
0.861
0.861
0.861
0.861
0.861
0.861
0.861
0.861
0.861
0,861
0.861

0.776
0.776
0.776
0.776
0.776
0.776
0.776
0.776
0.776
0.776
0.776
0.776
0.776
0.776

0.861
0.861
0.861
0.86)
0.861
0.861
0.861
0.861
0.861
0.861
0.861
0.861
0.861
0.861

0.668
0.668
0.668
0.668
0.668
0.668
0.668
0.668
0.668

0.917
0.917
0.917
0.917
0.917
0.917
0.917
0.917
0.917
0.917
0,917
0.917
0.917
0.917

0.917
0.917
0.917
0.917
0.917
0.917
0.917
0.917
0.917
0.917
0.917
0.917
0.917
0.917

0.861
0.861
0.861
0.861
0.861
0.861
0.861
0.861
0.861
0.861
0.861
0.861
0.861
0.861

0.861
0.861
0.861
0.861
0.861
0.861
0.861
0.861
0.861
0.861
0.861
0.861
0.861
0,861

0.776
0.776
0.776
0.776
0.776
0.776
0.776
0.776
0.776
0.776
0.776
0.776
0.776
0.776

0.861
0.861
0.861
0.861
0.861
0.861
0.861
0.861
0.861
0.861
0.861
0.861
0.861
0.861

0.668
0.668
0.668
0.668
0.668
0.668
0.668
0.668
0.668
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N Sample output (contd)
0.5668 0.668 0.668 0.668 0.668 0.668 0.668 0.668
0.668 0.668 0.668 0. 0. O. 0.668 0.668
N 0.668 0.668 0.668 0.668 0.6468 0.668 0.668 0.668
0.668 0.668 0.668 0.668 0.668 0.668 0.668 0.668
0.668 0.668 0.668 0.668 0.668 0.5668 0.668 0.668
19
0. 0.841 0.841 0.841 0.841 0.841 0.841 0.841
0.841 0.841 0.841 0.84} 0.84]1 0.841 0.841 0.841
0.841 0.841 0.841 0.841 0.841 0.841 0.841 0.841
0.841 0.841 0.841 0. C. [+ 1% 0.841 0.841
G.841 0.841 0.841 0.841 0.841 0.841 0.841 0.841
0.841 0.841 0.841 0.841 0,841 0.041 0.841 0.641
C.841 0.841 0.84]1 0.841 0.851 0.841 0.841 0.841
O. 0.841 0.841 0.84] 0.841 G.841 0.841 0.841
0.841 0.841 C.8461 0.841) 0.841 0.841 0.841 0.841
0.841 0.841 0.841 0.84]1 0.841 0.841 0.841 C.841
0.841 0.841 0.841 C. 0. 0. 0.841 0.841
C.84] 0.841 0.841 0.841 0.841 0.84]1 C.B4) D.841
0.841 0.841 0.84]1 0.841 0.841 0.841 0.841 0.841
0.841 0.841 0.841 0.841 0.861 0.84] 0.841 0.841
20
0. 0.596 0.596 0.596 0.596 0.596 0.596 0.596
0.596 0.596 0.596 0.596 0.596 G.596 0.596 0.596
0.596 0.596 0.596 0.596 0.596 0.596 0.596 0.596
0.596 0.596 0.5%6 [+ IS 0. Oe 0.596 0.596
04596 0.596 0.596 0.596 0.596 0.596 0.596 0.5%6
0.596 0.596 0.596 0.596 0.596 0.596 0.596 0.596
0.596 0.596 0.596 0.596 0.596 0596 0.596 0.596
0. 0.596 0.596 0.596 0.596 0.596 0.596 0.596
0.596 0.596 0.596 0.596 0.596 0.596 0.596 0.596
0.596 0.59%0 0.596 0.596 0.596 0.596 0.596 0.596
0.596 0.596 0.596 Qs 0. L1 % 0.59%6 0.596
0.596 0.596 0.596 0.596 0.596 0.596 0.596 0.596
0.59%96 0.596 0.596 0.596 0.59%6 0.596 0.596 0.596
0.596 0.596 0.596 0.596 0.596 0.596 0.596 0.596
21
C. 0.562 0.562 0.562 0.562 0.562 0.562 0.562
0.562 0.562 0.562 0.562 0.962 0.562 0.562 0.562
0.562 0.562 0.562 0.562 0.562 0.562 0.562 0.562
0.562 0.562 0.562 0. 0. [+ 19 0.562 0.562 .
0.562 0.562 0.562 0.562 0.562 0.562 0.562 0.562
0.562 0.562 0.562 0.562 0.562 0.562 0.562 0.562
0.%62 0.562 0.562 0.562 0.562 0.562 0.562 0.562
[+18 0.562 0.562 0.562 0.562 0.562 0.562 0.562
0.562 0.562 0.562 0.562 0.562 0.562 0.562 0.562
0.562 0.562 0.562 0.562 0.562 0.562 0.562 0.562
0.562 0.562 0.562 0. 0. Q. 0.562 0.562
0.562 0.562 0.562 0.562 0.562 0.562 0.562 0.562
0.562 0.562 0.562 0.562 0.562 0.562 0.562 0.562
0.562 0.562 0.562 0.562 0.562 0.562 0.562 0.562
22
(129 0.750 0.750 0.750 0.750 0.750 0.750 0.750
0.750 0.750 0.750 0.750 0.750 0.750 0.750 0.750
0.750 0.750 0.750 0.750 0.750 0.750 0.750 0.750
0.750 0.750 0.750 0. 0. 0. 0.750 0.750
0.750 0.750 0.750 0.750 0.750 0.750 0.750 0.750
0.750 0.750 0.750 0.750 0.750 0.750 0.750 0.750
0.750 0.750 0.750 0.750 0.750 0.750 0.750 0.750
O. 0.750 0.750 0.750 0.750 0.750 0.750 0.750
0.750 0.750 0.750 0.750 0.750 0.750 0.750 0.750
0.750 0.750 0.750 0.750 0.750 0.750 0.750 0.750
0.750 0.750 0.750 0. 0. 0. 0.750 0.750
0.750 0.750 0.750 0.750 0.750 0.750 0.750 0.750
0.750 0.750 0.750 0.750 0.750 0.750 0.750 0.750
0.750 0.750 0.750 0.750 0.750 0.750 0.750 0.750
23
0. 0.750 0.750 0.750 0.750 0.750 0.750 0.750
0.750 0.750 0.750 0.750 0.750 0.750 0.750 0.750
0.750 0.750 0.750 0.750 0.750 0.750 0.750 0.750
0.750 0.750 0.750 C. 0. 0. 0.750 0.750
0.750 0.750 0.750 0.750 0.750 0.750 0.750 0.750
0.750 9-750 0.750 0.750 0.750 0.750 0.750 0.750
0.750 0.750 0.750 0.750 0.750 0.750 0.750 0.750
Qe 0.750 0.750 0.750 0.750 0.750 0.750 0.750
0.750 0.750 0.750 0.750 0.750 0. 750 0.750 0.750
0.750 0.750 0.750 0.750 0.750 0.750 0.750 0.750
0.750 0.750 0.750 O. Q. 0. 0.750 0.750
n.7%0 0.750 0.750 0.750 0.750 0.750 0.750 0.750
0.750 0.750 0.750 0.750 S.75C n. 750 0.750 0.750
0.750 0.750 0.750 0.75%0 0.750 0.750 0.750 0.750
2%
0. 0.562 0.562 0.562 0.562 0.562 C.562 0.562
0.562 0.562 0.562 0.562 0.562 0.562 0.562 0.562
0.562 0.562 0.562 0.562 0.562 0.562 0.562 0.562
0.562 0.562 0.562 0. O. 0. 0.562 0.562
0.562 0.562 0.562 0.562 0.562 0.562 0.562 0.562
0.562 0.562 0.562 0.562 0.562 05062 0562 D.562
0.562 0.562 0.562 0.562 0.562 0.562 0.562 0.562
0. 0.562 0.562 0.562 0.562 0.562 0.562 0.562
0.562 0.562 0562 0.562 0.562 0.562 0.562 0.562
0.562 0.562 0.562 0.562 0.562 0.562 0.562 0.562
0562 0.562 0.562 O. O. 0. 0.562 V562
0.562 0.562 0.562 0.562 0.562 0562 0.562 0.562
0.562 0.562 0.562 0.562 0.562 0.562 0.562 0.562
0.562 0.562 0.562 0.562 0.562 0.562 0.562 0.562
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Sample output (contd)

25
0. 0.473 0.473 0.473 0.473 0.473 0.473 0.473
0.473 0.473 0.473 0.473 0.473 0.473 0.473 0.473
0.473 0.473 0.473 0.473 0.473 0.473 0.473 G.473
0.473 0.473 0.473 0. 0. 0. 0.473 0.473
0.473 0.473 0.473 0.473 0.4173 0.473 0.473 0.473
0.473 0.473 0.473 0.473 0.473 0.473 0.473 0.473
0.473 0.473 0.473 0.473 0.473 0.473 0.473 0.473
0. 0.473 0.473 0.473 0.473 0.473 0.473 0.473
0.473 0.473 0.473 0.473 0.473 0.473 0.473 0.473
0.473 0.473 0.473 0.473 0.473 0.473 0.473 0.473
0.473 0.473 0.473 0. 0. 0. 0.473 0.473
0.473 0.473 0.473 0.473 0.473 0.473 0.473 0.473
0.473 0.473 0.473 0.473 0.473 0.473 0.473 0.473
0.473 0.473 0.473 0.473 0.473 0.473 0.473 0.473
26
0. 0.316 0.316 0.316 0.316 0.316 0.316 0.31¢6
0.316 0.316 0.316 0.31e 0.316 0.316 0.316 0.316
0.316 0.316 0.316 0.316 0.316 0.316 0.316 0.316
0.316 0.316 0.316 0. 0. 0. 0.316 0.316
0.316 0.316 0.316 0.316 0.316 0.316 0.316 0.316
0.316 0.31e 0.316 0.316 U.316 0.316 0.316 0.316
0.316 0.316 0.316 O.316 0.316 0.316 0.316 0.316
0. 0.316 0.316 0.316 0.316 0.316 0.316 0.316
0.316 0.316 0.316 0.316 0.316 0.316 0.316 0.316
0.316 0.316 0.316 0.316 0.316 0.316 0.316 0.316
0.316 0.316 0.316 Q. 0. 0. 0.316 0.316
0.316 0.316 0.316 0.316 0.316 0.31e6 0.316 0.316
0.316 0.316 0.316 0.316 0.316 0.316 0.316 0.316
0.316 G.316 0.316 0.31é 0.316 0.316 0.316 0.316
27
0. 0.211 0.211 0.211 0.211 0.211 0.211 0.
0.211 0.211 0.211 0.211 0.211 0.211 0. 0.211
0.211 0.211 0.211 0.211 0.211 0. 0.211 0.211
0.211 0.211 0.211 0. 0. 0. 0.211 0.211
0.211 0.211 0.211 0. 0.211 0.211 0.211 0.211
0.211 0.211 0. 0.211 0.211 0.211 0.211 0.211
G.211 0. 0.211 0.211 0.211 0.211 0.211 0.211
0. 0.211 0.211 0.211 0.211 0.211 0.211 0.
0.211 0.211 0.211 0.211 0.211 0.211 0. 0.211
04,211 0.211 0.211 0.211 0.211 0. 0.211 0.211
0.211 0.211 0.211 0. 0. 0. 0.211 0.211
0.211 0.211 0.211 0. 0.211 0.211 0.211 0.211
0.211 0.211 0. 0.211 0.211 0.211 0.211 0.211
0.211 0. 0.211 0.211 0.211 0.211 0.211 0.211
RADIATION PATTERN COMPUTATION ENGINEER PHIL POTTER FORMULATION CHUCK LAWSON
CASE NUMBER 522
INPUT ARRAYS
H3 ARRAY 144
1
15.000
2
15.000 15.000 15.000 15,000 15.000 15.000 15.000 15.000
15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000
15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000
15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000
15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000
15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000
15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000
15.000 15.000 15.000 15.000 15.000 15.000 15.0060 15.000
15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000
15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000
15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000
15.000 15,000 15.000 15.000 15.000 15.000 15.000 15.000
15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000
15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000
3

15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000
15,000 15.000 15.000 15.000 15.000 15.000 15.000 15.000

15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000
15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000
15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000
15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.00Q
15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000
15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000
15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000

15.000 15,000 15.000 15.000 15.000 15.000 15.000 15.000
15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000
15.000 15.000 15.000 1%.000 15.000 15.000 15.000 15.000
15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000
15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000
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Sample output (contd)

15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000

15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000
15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000
15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000
15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000
15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000
15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000
15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000
15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000
15.000 15.000 15.000 15.000 15.000 15.000 1%5.000 15.000
15,000 15.000 15.000 15.000 15.000 15.000 15.000 15.000
15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000
15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000
15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000
15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000
15.000 15.000 15,000 15.000 15.000 15.000 15.000 15.000
15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000
15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000
15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000
15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000
15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000
15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000
15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000
15.000 19.000 15.000 15.000 15.000 15.000 15.000 15.000
15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000

15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000
15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000
15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000

15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000
15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000
15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000
15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000
15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000

15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000
15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000
15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000
15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000
15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000

15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000
15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000
15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000
15.000 15.000 15.000 15.000 15.000 15.000 15,000 15.000

15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000
15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000
15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000
15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000
15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000
15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000
15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000
15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000

15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000
15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000
15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000

15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000
15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000
15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000

15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000
15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000
15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000
15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000
15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000
15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000
15.000 15.000 15.000 15.000 1%.000 15.000 15.000 15.000
15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000
15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000
15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000
15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000
15.000 15.000 15.000 15.000 1%.000 15.000 15.000 15.000
15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000
15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000

15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000
15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000
15,000 15.000 15.000 15.000 15.000 15.000 15.000 15.000
15.000 15.000 15.000 15.000 is.00C 15000 15.000 15.000
15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000
15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000
15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000
15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000
15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000

15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000
15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000
15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000

15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000
15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000

15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000
15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000
15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000
15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000
15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000
15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000
15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000
15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000
15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000
15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000
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11

13

15

16

17

128

15.000
15.000
15.000
15.000

15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000

15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000

15.000
15.000
15.000
15.000
15.000
15,000
15.000
15,000
15.000
15.000
15.000
15.000
15.000
15.000

15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15,000
15.000
15.000
15.000

10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10,000
10.000

20.000
20.000
20.000
20.000
20.000
20.000
20.000
20.000
20.000
20.000
20.000
20.000
20.000
20.000

10.000
10.000
10.000
10.000
10.000
10.000

15.000
15.000
15.000
15.000

15.000
15.000
15.000
15.000
15,000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000

15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000

15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000

15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000

10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000

20,000
20.000
20.000
20.000
20.000
20.000
20.000
20.000
20.000
20.000
20.000
20,000
20.000
20.000

10.000
10.000
10.000
10.000
10.000
10.000

15.000
15.000
15.000
15.000

15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000

15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15,000
15.000
15.000
15.000
15.000
15.000

15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000

15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000

10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000

20.000
20.000
20.000
20.000
20.000
20.000
20.000
20.000
20.000
20.000
20.000
20.000
20.000
20.000

10.000
10.000
10.000
10.000
10.000
10.000

15.000
15.000
15.000
15.000

15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15,000
15.000
15.000

15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000

15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000

15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000

10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000

20.000
20.000
20.000
20.000
20.000
20.000
20.000
20.000
20.000
20.000
20,000
20.000
20,000
20.000

10.000
10.000
10.000
10.000
10.000
10.000

Sample output (contd)

15.000
15.000
15.000
15.000

15.000
15.000
15.000
15.000
15.000

15.000..

15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000

15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000

15.000
15.000
15.000
15.000
15.000
15,000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000

15.000
15,000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15,000
15.000
15.000
15.000
15.000

10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000

20.000
20.000
20.000
20.000
20.000
20.000
20.000
20.000
20.000
20.000
20.000
20.000
20.000
20.000

l0.000
10.000
10.000
10.000
10.000
10.000

15.000
15.000
15.000
15.000

15.000

15.000
15.000
15.000
15.000

15:000

15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000

15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000

15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15,000
15.000
15.000
15.000
15.000
15.000

15.000
15.000
15.000
15,000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000

10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000

20.000
20.000
20.000
20.000
20.000
20,000
20.000
20.000
20.000
20.000
20.000
20.000
20.000
20.000

10.000
10.000
10.000
10.000
10.000
10.000

15.000
15.000
15.000
15.000

15.000

15.000
15.000
15.000
15.000

13,000 _

15.000
15.000
15.000
15.000
15.000

..15,000

15.000
15.000

15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15,000
15.000

15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000

15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000

10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000

20.000
20.000
20.000
20.000
20.000
20.000
20.000
20.000
20.000
20.000
20.000
20.000
20.000
20.000

10.000
10.000
10.000
10.000
10.000
10.000

15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000

.—15.000

15.000
15.000
15.000
15.000
15.000
13,000
15.000
15.000

15.000
15.000
15.000.
15.000
15.000
15.000
15.000
15.000
15.000_
15.000

15.000

15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15.000
15,000
15.000
15.000
15.000

10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000

20.000
20.000
20.000
20,000
20.000
20.000
20.000
20.000
20.000
20.000
20.000
20.000
20.000
20.000

10.000
10.000
16.000
10.000
10.000
10.000




18

19

20

21

22

23

10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000

25.000
25.000
25.000
25.000
25.000
25.000
25.000
25.000
25.000
25.000
25.000
25.000
25.000
25.000

10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000

20.000
20.000
20.000
20.000
20,000
20.000
20.000
20.000
20.000
20.000
20,000
20.000
20.000
20.000

36.000
36.000
36.000
36.000
36.000
36.000
36.000
36.000
36.000
36.000
36.000
36.000
36.000
36.000

21.000
27.000
27.000
21.000
27.000
21.000
21.000
27.000
27.000
21,000
27.000
27.000
27.000
21.000

6.000
6.000
6.000
6.000
6.000
6.000
6.000
6.000
6.000
6.000
6.000
6.000
6.000
6.000

10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000

25.000
25.000
25.000
25.000
25.000
25,000
25.000
25.000
25.000
25.000
25.000
25.000
25.000
25.000

10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000

20.000
20.000
20.000
20.000
20.000
20.000
20.000
20.000
20.000
20.000
20.000
20.000
20.000
20.000

36.000
36.000
36.000
36.000
36.000
36.000
36.000
36.000
36.000
36.000
36.000
36.000
36.000
36.000

27.000
27.000
27.000
27.000
27.000
27.000
27.000
27.000
27.000

27.000
27.000
27.000
27.000

27.000

6.000
6.000
6.000
6.000
6.000
6.000
6.000
6.000
6.000
6.000
6.000
6.000
6.000
6.000
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Sample output (conid)

10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000

25.000
25.000
25.000
25.000
25.000
25.000
25.000
25.000
25.000
25.000
25.000
25.000
25.000
25.000

10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000

20.000
20.000
20.000
20.000
20.000
20.000
20.000
20.000
20.000
20.000
20.000
20.000
20.000
20.000

36.000
36.000
36.000
36.000
36.000
36.000
36.000
36.000
36.000
36.000
36.000
36.000
36.000
36.000

27.000
27.000
27.000
27.000
27.000
27.000
27.000
27.000
27.000
27.000
27.000
27.000
27.000
27.000

6.000
6.000
6.000
6.000
6.000
6.000
6.000
6.000
6.000
6.000
6.000
6.000
6.000
6.000

10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000

25.000
25.000
25.000
25.000
25.000
25.000
25.000
25.000
25.000
25.000
25.000
25.000
25.000
25.000

10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000

20.000
20.000
20.000
20.000
20.000
20.000
20.000
20.000
20.000
20.000
20.000
20.000
20.000
20.000

36.000
36.000
36.000
36.000
36.000
36.000
36.000
36.000
36.000
36.000
36.000
36.000
36.000
36.000

27.000
27.000
27.000
27.000
27.000
27.000
27.000
27.000
27.000
27.000
27.000
27.000
27.000
27.000

6.000
6.000
6.000
6.000
6.000
6.000
6.000
6.000
6.000
6.000
6.000
6.000
6.000
6.000

10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000

25.000
25.000
25.000
25.000
25.000
25.000
25.000
25.000
25.000
25.000
25.000
25.000
25.000
25.000

10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000

20.000
20.000
20.000
20.000
20.000
20.000
20.000
20.000
20.000
20.000
20.000
20.000
20.000
20.000

36.000
36.000
36.000
36.000
36.000
36.000
36.000
36.000
36.000
36.000
36.000
36.000
36.000
36.000

27.000
27.000
27.000
27.000
27.000
27.000
27.000
27.000
27.000
27.000
2T.000
27.000
27.000
27.000

6.000
6.000
6.000
6.000
6.000
6.000
6.000
6.000
6.000
6.000
6.000
6.000
6.000
6.000

10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000

25.000
25.000
25.000
25.000
25.000
25.000
25.000
25.000
25.000
25.000
25.000
25.000
25.000
25.000

10.000
10.000
10.000
10.000
10.000
10.000
l0.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000

20.000
20.000
20.000
20.000
20.000
20.000
20.000
20.000
20.000
20.000
20,000
20.000
20.000
20.000

36.000
36.000
36.000
36.000
36.000
36.000
36.000
36.000
36.000
36.000
36.000
36.000
36.000
36.000

27.000
27.000
27.000
271.000
27.000
27.000
27.000
27.000
27.000
27.000

27.000
27.000
27.000

27.000

6.000
6.000
6.000
6.000
6.000
6.000
6.000
6.000
6.000
6.000
6.000
6.000
6.000
6.000

10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000

25.000
25.000
25.000
25.000
25.000
25.000
25.000
25.000
25.000
25.000
25.000
25.000
25.000
25.000

10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000

20.000
20.000
20.000
20.000
20.000
20.000
20.000
20.000
20.000
20.000
20.000
20.000
20.000
20.000

36.000
36.000
36.000
36.000
36.000
36.000
36.000
36.000
36.000
36.000
36.000
36.000
36.000
36.000

27.000
27.000
27.000
27.000
27.000
27.000
27.000
27.000
27.000
27.000
27.000
27.000
27.000
27.000

6.000
6.000
6.000
6.000
6.000
6.000
6.000
6.000
6.000
6.000
6.000
6.000
6.000
6.000

10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000

25.000
25.000
25.000
25.000
25.000
25.000
25.000
25.000
25.000
25.000
25.000
25.000
25.000
25.000

10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000

20.000
20.000
20.000
20.000
20.000
20.000
20.000
20.000
20.000
20.000
20.000
20.000
20.000
20.000

36.000
36.000
36.000
36.000
36.000
36.000
36.000
36.000
36.000
36.000
36.000
36.000
36.000
36.000

27.000
27.000
21.000
27.000
27.000
27.000
27.000
27.000
27.000
27.000
27.000
27.000
27.000
27.000

6.000
6.000
6.000
€.000
6.000
6.000
6.000
6.000
6.000
6.000
6.000
6.000
6.000
6,000
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24

25

26

27

RADIATION PATTERN COMPUTATION

CASE NUMBER 522

INPUT ARRAYS

DI ARRAY 1.9
1

130

2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2,000
2.000

10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000

ENGINEER PHIL POTTER

2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000

10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000

Sample output (contd)

2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000

2.000

10.000
10.000

2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000

2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2,000
2.000

10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000

FORMULATION CHUCK LAWSON

2.000
2.000
2.000
2.000

2.000

2.000

2.000
2.000

10.000
10.000
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. Sample output (contd)

0. 0. 0. o. o. o. -0. ~0.
-o. -0. -0. -o. 0. 0. o. o.
0. o. o. 0. 0. o. o. o.
. o. 0. 0. o. 0. 0. 0. 0.
0. o. -o. -0. -o. -o. -o. -0.
&
-0.029  -0.019 -0.063  -0.055  -0.046  —0.037
-0.028  -0.019 -0.016  -0.012  -0.008  -0.00¢
o. 0.004 -0.018  -0.013  -0.008  -0.004_
o. 0. -0.009  -0.012  -0.015  -0.018
-0.012  -0.014 -0.018  -0.020  -0.022 0.036
0.028 0.020 -0.002  -0.010 0.011 0.006
0.001  -0.004 -0.017  -0.018  -0.019  -0.020
-0.021  -0.022 -0.036  -0.036  -0.036  -0.036
-0.037  -0.037 -0.051  -0.049  -0.046  -0.044
-0.042  -0.040 -0.046  -0.049  -0.052  -0.055
-0.057  -0.047 -0.050  -0.051  -0.053  -0.055
-0.035  -0.039 -0.053  -0.058  -0.062  -0.062
-0.060  -0.058 -0.050  ~0.052  -0.047  -0.052
-0.057  -0.060 -0.072  -0.057  -0.048  -0.039
s
-0.029  -0.019 -0.063  -0.055  -0.046  -0.037
-0.028  -0.019 -0.016  ~0.012  -0.008  -0.00%
0. 0.004 -0.018  -0.013  -0.008  -0.004
0. 0. -0.009  -0.012  -0.015  -0.018
-0.012  -0.014 -0.018  -0.020  -0.022 0.036
0.028 0.020 -0.002  -0.010 0.011 0.006
0.001  -0.004 -0.017  -0.018  -0.019  -0.020
-0.021  -0.022 -0.036  -0.036  -0.036  -0.036
-0.037  -0.037 —0.051  -0.049  -0.046  -0.044
~0.062  -0.040 -0.066  -0.049  -0.052  -0.055
-0.057  -0.047 -0.050  -0.051  -0.053  -0.055
-0.035  -0.039 -0.053  -0.058  -0.062  -0.062
~0.060  -0.058 -0.050  -0.052  -0.047  -0.052
-0.057  -0.060 -0.072  -0.05T  -0.048  -0.039
6
-0.030  -0.022 -0.057  -0.050  -0.041  —0.033
-0.024  -0.016 -0.010  -0.005 0. 0.
0.006 0.009 -0.010  -0.006  -0.002 0.002
0.006 0.003 -0.004  -0.006  -0.008  -0.010
-0.005  -0.007 -0.013  -0.014  -0.015 0.036
0.028 0.020 -0.001 0. 0. 0.003
0.002  -0.004 ~0.016  -0.018  -0.019  -0.019
-0.020  -0.020 -0.036  -0.03¢  -0.033  -0.032
-0.032  -0.030 -0.046  ~0.043  -0.037  -0.036
-0.03¢  -0.033 ~0.036  -0.039  -0.042  -0.044
-0.044  ~0.037 -0.040  -0.042  -0.044  -0.045
-0.028  -0.031 -0.044  -0.048  -0.052  -0.051
-0.050  -0.050 -0.046  -0.048  -0.042  -0.046
-0.050  -0.055 -0.067  -0.056  -0.047  -0.039
7
-0.031  -0.02¢ -0.052  -0.045  -0.036  -0.029
-0.021  -0.013 -0.003 0.002 0.008 0.010
0.012 0.014 -0.003 0.002 0.005 0.008
0.012 0.006 0.001 o. -0.001  -0.002
0.002 0. -0.003  -0.007  -0.009 0.036
0.028 0.020 o. -0.020  -0.025 o.
~0.002  -0.004 -0.016  -0.019  -0.019  -0.018
-0.018  -0.018 -0.036  -0.033  -0.030  -0.028
-0.026  -0.021 -0.041  -0.037  -0.030  -0.028
-0.026  -0.024 -0.027  -0.029  -0.031  -0.030
-0.031  -0.027 -0.030  -0.032  -0.03¢  -0.035
-0.021  -0.022 -0.034  -0.038  -0.042  -0.041
-0.043  -0.045 ~0.042  -0.04¢  -0.038  -0.040
-0.045  -0.050 -0.063  -0.055  -0.047  -0.040
8
-0.033  -0.026 -0.047  -0.040  -0.031  -0.024
-0.017  -0.010 0.002 0.007 0.012 0.015
0.018 0.021 0.003 0.009 0.012 0.014
0.018 0.009 0.006 0.006 0.006 0.006
0.009 0.007 0.003 0. -0.002 0.036
0.028 0.020 0. -0.080  -0.025 o.
-0.002  -0.005 -0.015  -0.020  -0.019  -0.017
-0.017  -0.016 -0.036  -0.032  -0.028  -0.024
-0.020  -0.015 -0.036  -0.031  -0.02¢  -0.020
~0.018  -0.015 -0.018  -0.019  -0.019  -0.018
-0.018  -0.017 -0.020  -0.022  -0.024  -0.025
-0.013  -0.014 -0.025  -0.028  -0.032  -0.032
-0.036  -3.0sC -0.038  -0.040  -0.034  -0.032
-0.036  -0.041 -0.059  -G.035  -0.047  -0.041
9
-0.035  -0.028 -0.041  -0.03¢  -0.027  -0.020
-0.014  -0.007 0.008 0.012 0.015 0.019
0.023 0.026 0.008 0.014 0.017 0.020
0.024 0.012 0.012 0.012 0.013 0.013
0.016 0.0l 0.012 0.011 0.010 0.007 0.005 0.036
0.028 0.020 0.0i0 0. -0.020  -0.090  -0.050  -0.025
0. -0.005  -0.008  =-0.012  -0.015  -0.022  -0.0i%  -0.017
-0.015  -0.0l4  -0.012  -0.010  -0.036  -0.031  -0.026  -0.020
-0.015  -0.009  -0.003  -0.037  -0.031  -0.025  -0.018  -0.014
-6.010  -0.006  -0.009  ~-0.009  -0.010  -0.007  -0.006  -0.005
-0.0u¢  -0.007  -0.008  -0.009  -0.0i0  -0.011  -0.013  -0.015
-0.005  ~-0.006  -0.009  =-0.0i3  -0.015  -0.0ls  -0.022  -0.023
-0.027  -0.032  -0.029  -0.033  -0.034  -0.036  -0.028  -0.026
~0.031  -0.036  -0.042  =-0.048  -0.055  -0.054  -0.047  -0.042
10
-0.036  -0.030  -0.024  -0.018  -0.035  -0.028  =-0.022  -0.0l6
-0.010  -0.004 0.002 0.012 0.016 0.017 0.019 0.024
0.028 0.033 0.007 0.011 0.014 0.019 0.024 0.027
0.030 0.015 0.016 0.017 0.018 0.019 0.020 0.021
0.023 0.022 0.020 0.019 0.017 0.015 0.012 0.036
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132

11

12

16

0.028

-0.014
~0.009
-0.002

0.011

0.003
-0.019
-0.025

-0.038
-0.006
0.034
0.038
0.030
0.028

~0.013
-0.003
0.006
0.024
0.011
-0.010
-0.018

-0.039
-0.003
0.039
0.044
0.037
0.028

~0.011
0.003
0.014
0.037
0.019
-0.002
-0.012

-0.040
0.003
0.04%
0.050
0.045
0.028

-0.010
0.009
0.022
0.050
0.027
0.007

-0.008

-0.043

0.044
0.046
0.052
0.018

-0.013
0.007
0.024
0.050
0.028
0.007

-0.016

-0.046
=0.002
0.043
0.041
0.059
0.008

-0.016
0.005
0.028
0.049
0.029
0.006

-0.024

-0.050
-0.003
0.041
0.036
0.067
-0.002
0.001
-0.020
0.003
0.033
0.049
0.029
0.006
-0.032

0.019
=0.005
<0.011
~0.003

0.003

0.003

0.002
-0.024
-0.031

-0.032
[

0.038
0.018
0.029
0.019
-0.005
-0.007
0.003
0.012
0.011
0.010
~0.016
-0.026

-0.034
0.004
0.043
0.020
0.036
0.019

~0.005

-0.005
0.010
0.021
0.021
0.017

-0.008

-0.021

-0.036
0.007
0.048
0.023
0.044
0.018

-0.003

-0.004
0.020
0.030
0.031
0.025
0.001

-0.016

=0.040
0.007
0.047
0.030
0.047
0.013
-0.003
-0.00¢6
0.017
0.034
0.035
0.026
0.001
-0.023

-0.044
0.008
0.046
0.037
0.055
0.008

-0.002

-0.008
0.014
0.038
0.040
0.027

0.
-0.030
~0.048

0.008

0.045

0.045

0.055%
0.003

-0.010
0.011
0.042
0.044
0.028

0.
-0.037

Sample

0.010
-0.008
=0.010

0.007
-0.001

0.002
~0.002
-0.023
-0.036

-0.027
0.005
0.014
0.019
0.027
0.010

-0.008

-0.007
0.015
0.007
0.011
0.008

~0.017

~0.032

~0.030
0.008
0.021
0.023
0.035
0.010
-0.008
-0.003
0.023
0.015
0.021
0.016
-0.011
-0.027

-0.032
0.011
0.030
0.027
0.042
0.009

-0.006
0.001
0.031
0.022
0.030
0.024

-0.005

-0.021

-0.038
0.013
0.031
0.033
0.045
0.006
-0.006
-0.002
0.027
0.02%
0.035
0.025
-0.005
~0.029

-0.044
0.016
0.032
0.043
0.053
0.004

-0.003

-0.004
0.024
0.028
0.040
0.027

-0.005

-0.038

-0.050
0.020
0.032
0.053
0.050
0.002

-0.001

-0.006
0.020
0.031
0.045
0.029

-0.005

-0.047

output (contd)

0.
=0.012
=0.006
-0.033
-0.003

0.001
-0.004
-0.025
~0.043

-0.021
0.020
0.018
0.022
0.026

~0.012
~0.002
-0.029
0.006
0.010
0.005
-0.022
-0.038

-0.025
0.025
0.025
0.026
0.033

-0.012
0.002
-0.024
0.016
0.020
0.014
-0.015
-0.034

~0.028
0.030
0.034
0.031
0.040

~0.009
0.006
-0.019
0.026
0.030
0.023
-0.011
-0.030

-0.035
0.027
0.033
0.037
0.044

-0.009
0.004
-0.017
0.029
0.034
0.026
~0.011
-0.037

-0.042
0.023
0.033
0.047
0.048

-0.004
0.002
-0.015
0.031
0.038
0.028
~0.011
-0.044

-0.049
0.020
0.032
0.054
0.052
0.001

-0.002

-0.014
0.033
0.042
0.032

-0.010

-0.051

-0.050

-0.015

-0.036

-0.025
0.

-0.006
-0.028
-0.051

-0.029
0.021
0.022
0.024
0.025

-0.080

-0.014

-0.037

-0.020
0.010
0.010
0.003

-0.024

-0.047

~0.023
0.027
0.029
0.029
0.033
~0.080
-0.014
-0.037
-0.015
0.020
0.020
0.013
-0.020
-0.043

-0.017
0.033
0.036
0.034
0.039

-0.080

-0.013

-0.037

-0.010
0.030
0.030
0.022

=0.017

~0.039

~0.026
0.031
0.035
0.041
0.041
-0.050
~0.009
-0.037
~0.008
0.032
0.035
0.024
-0.017
-0.045

~0.035
0.027
0.034
0.048
0.044
-0.020
-0.006
-0.037
-0.006
0.034
0.045
0.028
-0.017
-0.051

~0.044
0.024
0.033
0.055
0.048

-0.004
-0.038
-0.004
0.036
0.049
0.032
-0.016
~0.057

-0.100
-0.024
-0.030
-0.020

0.004
-0.002
-0.008
~0.032
~0.054

-0.023
0.022
0.026
0.025
0.022

-0.154

-0.025

-0.028

-0.014
0.016
0.010
0.002

-0.028

-0.053

-0.018
0.029
0.033
0.033
0.030

-0.154

-0.025

-0.027

-0.008
0.026
0.020
0.012

~0.025

-0.053

-0.012
0.036
0.040
0.037
0.037

~0.154

-0.026

~0.026

-0.002
0.036
0.030
0.021

-0.023

~0.052

-0.019
0.034
0.038
0.044
0.039
-0.100
-0.030
-0.027

0.037
0.035
0.024
-0.023
-0.052

~0.027
0.031
0.036
0.050
0.043
-0.060
-0.033
-0.028
0.003
0.038
0.045
0.028
-0.023
-0.051

-0.034
0.028
0.034
0.055
0.045

-0.020

-0.036

-0.029
0.005
0.040
0.050
0.032

-0.023

-0.051

-0.100
-0.020
-0.023
-0.012

0.006
=0.004
-0.012
-0.023
-0.047

-0.017
0.023
0.030
0.027
0.019

-0.217

-0.020

-0.020

-0.006
0.018
0.010

~0.002

-0.019

-0.047

-0.012
0.031
0.038
0.035
0.026

-0.217

-0.021

-0.018

0.030
0.020
0.011
-0.015
-0.047

-0.008
0.039
0.044
0.041
0.035

-0.217

-0.021

-0.015
0.006
0.042
0.030
0.019

-0.010

-0.048

-0.013
0.037
0.040
0.048
0.037
~0.100
-0.024
-0.016
0.009
0.042
0.038
0.023
-0.016
-0.049

-0.018
0.035
0.038
0.055
0.039

-0.050

-0.027

-0.018
0.012
0.043
0.045
0.027

-0.022

-0.050

-0.023
0.033
0.035
0.060
0.041

-0.025

-0.030

-0.020
0.015
0.043
0.050
0.031

-0.028

-0.050

-0.050
-0.017
-0.015
=0.007 .

0.007
-0.,005
-0.014
-0,018
-0.042

-0.011
0.030
0.034
0.029
0.036

-0.100_

-0.016

-0.011
0.
0.020
0.010

-0.005

-0.012

-0.043

-0.007
0.035
0.041
0.037
0.037

-0.100

-0.016

-0.007
0.007
0.033
0.020
0.004

-0.006

-0.043

-0.003
0.041
0.046
0.045
0.037

-0.100

-0.016

-0.003
0.014
0.046
0.031
0.013

=0.001

~0.044

-0.006
0.040
0.043
0.052
0.025
~0.050
-0.019
-0.005
0.017
0.046
0.038
0.013
-0.009
-0.046

-0.010
0.039
0.040
0.045
0.012

~0.025

-0.022

-0.007
0.020
0.046
0.045
0.012

~0.018

-0.048

-0.013
0.037
0.036
0.054
0.

0.
-0.02%
-0.009

0.023

0.046

0.051

0.012
-0.027
-0.050




17

18

19

20

21

22

23

-0.053
~0.004
0.040
0.032
0.068
-0.010
0.003
-0.023

0.036
0.048
0.030
0.005
~-0.040

-0.056
-0.006
0.039
0.028
0.075
~0.016
0.005
~0.026
-0.004
0.040
0.048
0.031
0.005
-0.049

-0.066
-0.013
0.019
0.025
-0.004
-0.020
0.006
-0.030
-0.019
0.019
0.034
0.070
0.017
-0.035

-0.063
-0.008
0.021
0.028
-0.001
-0.017
0.006
-0.032
-0.023
0.019
0.036
0.072
0.020
-0.038

-0.059
-0.004
0.u24
0.030
0.002
-0.014
0.005
~0.035
-0.026
0.020
0.038
0.074
0.024
-0.042

-0.056
0.002
Q.026
0.032
0.005

-0.011
0.005

-0.038

-0.029
0.020
0.041
0.075
0.028

-0.045

~0.053
0.006
0.028
0.034
0.008
-0.008
0.004
-0.040
-0.033

~0.052
0.008
0.044
0.052
0.060
=0.002
0.002
-0,013
0.007
0.046
0.049
0.030
0.
—0.046

-0.059
0.008
0.044
0.059
0.070

-0.008
0.004

-0.016
0.004
0.051
0.053
0.032
0.

-0.055

-0.069
-0.012
0.019
0.059
-0.009
-0.016
0.001
-0.038
-0.020
0.021
0.075
0.060
0.002
-0.050

-0.065
-0.005
0.021
0.029
-0.005
-0.013
0.
-0.041
-0.022
0.022
U.073
0.063
0.005
-0.052

-0.061
0.
0.023
0.059

-0.003

-0.010

-V.001

-0.043

-0.024
0.023
0.07¢
0.06%
0.009

-0.054

-0.058
0.007
0.024
0.058
0.

-0.007

-0.002

=0.0406

-0.026
0.024
0.071L
0.0606
0.013

-0.056

-0.054
v.012
0.026
0.058
0.004

-0.004

-0.003

-0.048

-0.029
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Sample output (contd)

-0.055
0.023
0.033
0.053
0.055
0.002
0.001

-0.008
0.016
0.034
0.050
0.031

=0.005

-0.0%6

-0.061
0.025
0.033
0.063
0.065
0.002
0.003

-0.010
0.012
0.037
0.055
0.033

-0.005

-0.061

-0.072
-0.010
0.036
0.055
~-0.015
-0.013
-0.005
~0.047
-0.020
0.056
0.068
0.050
-0.014%
~0.065

-0.068
-0.003
0.036
0.055
-0.012
-0.009
-0.006
-0.050
-0.021
0.054
0.067
0.052
-0.010
-0.065

-0.063
0.004
0.035
0.056

-0.007

-0.006

-0.008

-0.053

-0.023
0.050
0.066
0.055

-0.006

~0.06%

-0.056
0.017
0.032
0.063
0.056
0.005
0.

-0.002

-0.013
0.036
0.048
0.034

-0.010

~0.058

~0.063
0.014
0,032
0.067
0.060
0.011
0.002
-0.004
-0.011
0.039
0.056
0.035
-0.010
-0.066

-0.075
0.021
0.034
0.051

-0.020

-0.010

-0.010

-0.056
0.010
0.052
0.061
0.040

-0.031

-0.081

-0.070
0.026
0.034
0.051

-0.015

~0.006

-0.012

-0.053
0.008
0.051
0.060
0.043

~0.027

-0.078

~0.065
0.031
0.034
0.052
-0.011
-0.003
-0.014
-0.061
0.005
0.049
0.060
0.040
-0.022
-0.07¢6

-0.060
0.036
0.035
0.03%

-0.007
0.

-0.016

~0.063
0.002
0.047
0.060
0.049

~0.018

-0.075

-0.055
0.041
0.035
0.055

-0.003
0.003

-0.017

-0.065
0.

-0.053
0.017
0.032
0.063
0.050
0.010

-0.002

-0.038

-0.003
0.038
0.054
0.034

-0.016

-0.063

-0.062
0.019
0.031
0.070
0.055
0.019

-0.038
-0.001
0.041
0.058
0.036
-0.016
-0.071

-0.018
0.021
0.032
0.045

-0.025

-0.006

~0.015

~0.016
0.011
0.049
0.054
0.030
-0.046
-0.097

-0.018
0.025
0.033
0.047

-0.021

-0.002

-0.018

~0.024
0.009
0.048
0.054
0.033

-0.042

-0.094

-0.019
0.030
0.033
0.049

-0.017

-0.020
-0.032
0.008
0.047
0.055
0.036
-0.038
-0.089

-0.019
0.034
0.034
£.0%2

~0.013
0.003

-0.022

-0.040
0.006
0.045
G.056
0.040

-0.033

-0.086

-0.020
0.038
0.035
0.054

-0.009
0.007

-0.024

-0.048
0.004

=0.041
0.023
0.032
0.063
0.046
0.
-0.039
-0.030
0.007
0.041
0.055
0.035
-0.023
=0.050

-0.048
0.024
0.030
0.073
0.050
0.027

~0.043

-0.030
0.010
0.042
0.059
0.037

~0.023

-0.050

-0.016
0.020
0.030
0.039

-0.,030

-0.003

-0.005

-0.01le
0.013
0.045
0.047
0.020

~0.061

-0.056

-0.015
0.024
0.032
0.043

~0.026
0.

-0.008

-0.023
¢.012
0.045
0.048
0.023

-0.057

-0.054

-0.015
0.028
0.033
0.046

-0.023
0.003

-0.010

-0.030
0.011
0.045
0.050
0.026

~-0.053

-0.053

-0.014%
0.032
0.034
0.049

-0.019
0.007

-0.013

-0.037
0.009%9
0. 044
0.051
G.030

~0.049

-0.051

~0.014
0.035
0.035
0.052
-0.016
0.011
~0.015
~0.044
0.008

-0.028
0.031
0.032
0.070
0.043

-0.034
-0.022
0.018
0.044
0.055
0.035
~0.034
=0.051

-0.034
0.029
0.029
0.077
0.045
0.007

-0.039

~0.024
0.020
04044
0.061
0.038

-0.039

-0.052

~0.015
0.020
0.028
0.035
-0.035
0.017
-0.014
-0.017
6.015
0.041
0.040
0.009
~0.004
-0.059

-0.013
0.023
0.030
0.039

-0.032
0.017

-0.016

-0.023
0.015
0.042
0.042
0.013

~0.010

~0.057

-0.010
0.027
0.032
0.042

-0.02%
G.017

-0.018

-0.029
0.014
0.042
0.044
0.017

-0.017

-0.055

-0.009%9
0.030
0.033
0.046

-0.026
0.018

-0.021

-0.035
0.013
0.043
0.046
0.021

-0.023

-0.053

~0.007
0.033
0.034
0.050
-0.022
0.018
~0.023
-0.040
0.013

-0.017
0.035
0.033
0.073

-0.012
0.003

~0.028

-0.011
0.026
0.046
0.057
0.011

-0.035

-0.052

~0.020
0.034
0.028
0.081
~0.024
0.006
-0.033
-0.014
0.030
0.046
0.063
0.010
=0.044
-0.054

-0.014
0.020
0.026
0.031

-0.024
0.012

-0.023

-0.018
0.017
0.038
0.033
0.032

-0.019

~0.063

-0.011
0.023
0.028
0.035

-0.021
0.012

-0.025

~-0.023
0.017
0.039
0.035
0.035

-0.025

-0.060

-0.007
0.026
0.031
0.039

-0.018
0.011

-0.027

-0.028
0.017
0.040
0.038
0.039

-0.029

-0.057

-0.003
0.028
0.032
0.043

-U.Ui5
0.011

-0.030

-0.033
0.017
0.042
0.041
0.043

~0.035

-0.055

0.
0.031
0.034
0.049
-0.012
0.011
~0.032
~0.037
0.017
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24

25

26

27

RADIATION PATTERN COMPUTATION ENGINEER

CASE NUMBER 522
CUMPUTED RESULTS
PHI

0.

134

0.021
0.043
0.076
0.032
-0.048

=0.049
0.010
0.031
0.037
0.011
=0.004
0.004
~0.043
-0.036
0.022
0.045
0.077
0.037
-0.052

~0.046
0.015
0.033
0.039
0.014

0.004
-0.045
~0.039

0.023

0.048

0.078

0.042
~0.055

~0.043
0.020
0.036
0.041
0.017
0.003
0.003
~0.048
=0.044
0.022
0.050
0.080
0.046
-0.059

~0.040
0.024
0.039
0.043
0.020
0.005
0.002
-0.050
~0.046
0.022
0.053
0.082
0.049
~0.062

0.025
0.069
0.068
0.017
~0.057

~0.050
0.018
0.028
0.058
0.008
0.
-0.003
=0.050
=0.031
0.026
0.068
0.070
0.022
-0.058

=0.046
0.023
0.030
0.057
0.012
0.003
-0.004
-0.053
-0.033
0.027
0.066
0.071
0.026
-0.060

~0.043
0.030
0.032
0.057
0.015
0.005
-0.005
-0.055
-0.035
0.028
0.064
0.073
0.030
-0.062

-0.039
0.036
0.034
0.057
0.019
0.009

-0.006

~0.058

~0.037
0.029
0.063
0.075
0.033
~0.065

PHIL POTTER

THETA

0.

0.015
0.030
0.045
0.060
0.075
0.090
0.105
0.120
0.135
0.150
0.165
0.180
0.195

GNORM

0.944
0.931
0.885
0.811
0.713
0.599
0.476
0.352
0.237
0.140
0.084
0.094
0.126
0.149

0.045
G.064
0.060
0.002
-0.066

-0.050
0.026
0.035
0.057
0.005
0.003

-0.011

-0.060

~0.026
0.043
0.064
0.062
0.006

~0.067

-0.045
0.033
0.035
0.057
0.009
0.006

~0.012

-0.062

-0.027
0.040
0.063
0.064
0.010

-0.066

-0.042
0.040
0.034
0.058
0.013
0.009

-0.013

-0.064

-0.028
0.037
0.062
0.066
0.014

~0.067

-0.037
0.048
0.034
0.058
0.017
0.013

-0.015

-0.066

~0.029
0.035
0.061
0.068
0.017

-0.068

0.045
0.060
0.052
-0.013
-0.076

~0.050
0.046
0.035
0.055
0.001
0.006
-0.019
-0.068
-0.002
0.043
0.060
0.05%
-0.009
-0.075

-0.045
0.051
0.035
0.057
0.006
0.010

~0.020

-0.070

-0.005
0.042
0.060
0.057

-0.006

-0.073

-0.040
0.056
0.035
0.058
0.010
0.013

-0.022

-0.072

~0.008
0.040
0.060
0.059

~0.002

-0.073

-0.035
0.061
0.035
0.060
0.015
0.017

-0.024

~-0.074

-0.009
0.038
0.059
0.061
0.002

~0.072

Sample output {contd)

0.044
0.056
0.043
-0.029
-0.085

-0.020
0.043
0.035
0.056

-0.005
0.010

-0.027

-0.056
0.002
0.043
0.056
0.046

-0.026

-0.084

-0.020
0.048
0.036
0.058
0.
0.014

-0.029

-0.064

-0.001
0.043
0.057
0.049

-0.022

-0.081

-0.021
0.052
0.036
0.059
0.004
0.018

-0.031

-0.072

-0.001
0.042
0.058
0.052

-0.018

-0.078

-0.021
0.056
0.037
0.061
0.009
0.022

-0.033

-0.080

-0.002
0.041
0.058
0.054

-0.014

-0.075

FORMULATION CHUCK LAWSON

20=LUG10{GNORM)

~0.496
-0.623
-1.059
-1.819
-2.934
~4.451
-6.451
-9.066
-12.519
-17.084
-21.519
-20.567
-17.977
-16.514

PHASE ANGLE

14.663
14.738
15.142
15.917
17.152
19.019
21.851
264362
34.339
51.210
91.910
141.004
163.827
174.818

0.044 0.044
0.052 0.048
0.034 0.025
-0.045 -0.030
-0.050 -0.051
-0.013 -0.005
0.040 0.036
0.036 0.036
0.055 0.054
-0.011 -0.017
0.015 0.018
-0.017 -0.025
~0.052 =0.046
0.007 0.013
0.044 0.044
0.053 0.049
0.038 0.029
~0.041 -0.036
=0.049 ~0.049
-0.013 -0.003
0.044 0.040
0.037 0.037
0.058 0.058
-0.006 -0.012
0.018 0.019
~0.020 -0.028
-0.059 -0.052
0.006 0.012
0,044 0.045
0.055 0.052
0.041 0.033
-0.038 -0.043
-0.047 ~0.047
-0.010 0.
0.047 0.043
0.038 0.038
0.060 0.062
=0.002 -0.008
0.022 0.019
-0.023 ~0.031
-0.065 -0.058
0.005 0.011
0.044 0.046
0.056 0.054
0.044 0.037
-0.034 -0.049
-0.046 -0.045
-0.010 0.002
0.052 0.047
0.039 0.040
0.063 0.065
0.003 -0.003
0.026 0.020
-0.026 -0.034
-0.072 ~0.064
0.004 0.010
0,044 0.047
0.057 0.055
0.047 0.041
-0.030 -0.056
—0.044 ~0.043
GIMAG
8.015€ 05
7.939€ 05
7.7521 05
T.456t 05
7.0%2k 05
64544k 05
5.937€ 05
5.242E 05
4.4T4E 05
3.656k 05
2.813t 05
1.976c 05
1.179€ 05
4.523k 04

0.043
0.043
0.048
-0.039
-0.052

0.003
0.034
0.036
0.054
-0.008
0.011
-0.035
~0.041
0.017
0.045
0.045
0.053
-0.045
~0.049

0.006
0.036
0.038
0.058
~0.004
0.011
~0.037
-0.045
0.017
0.047
0.048
0.057
-0.050
-0.046

0.009
0.040
0.040
0.062

0.011
-0.040
-0.050

0.015

0.048

0.051

0.061
-0.055
~0.084

0.013
0.043
0.041
0.066
0.001
0.011
-0.042
-0.055
0.016
0.050
0.053
0.065
-0.059
~0.042

GREAL

3.063E 06
3.018E 06
2.865¢ 06
2.615€ 06
2.285E 06
1.898€ 06
L.48lE 06
1.058E 06
6.549€ 05
2.938E 05
-9.380€ 03
-2.441E 05
-4.064E 05
-4.987¢ 05
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Sample output (contd)

0.210 0.158 ~16.040 181.888 =1.742t 04 -5.2806E 05
0.225 0.153 ~16.315 187.607 ~6.783E 04 -5.079€ 05
0.240 0.138 -17.202 193.066 -1.046E 05 -4.507€ 05
0.255 0.117 -18.612 198.887 -1.273¢ 05 ~3.721E 05
0.270 0.095 ~20.474 205.501 ~1.367¢ 05 ~2.865E 05
0.285 0.073 ~22.691 213.108 ~1.343E 05 ~2.060E 05
0.300 0.055 ~25.115 221.321 ~1.228t 05 ~1.397€ 05
0.315 0.042 =27.542 228.480 -1.053t 05 ~9.325E 04
0.330 0.033 ~29.731 231.194 ~8.521t 04 ~6.853E 04
0.345 0.027 ~31.237 225.696 -6.580t 04 ~6.422E 04
0.360 0.027 ~31.292 213.185 ~5.000E 04 ~T.646E 04
0.375 0.032 ~29.862 201.867 ~4.002E 04 ~9.973E 04
0.390 0.040 -28.020 196.201 -3.7T15€ 04 =1.279€ 05
0.405 0.048 ~26.396 195.046 ~4.167E 04 ~1.550E 05
0.420 0.055 ~25.203 196.689 ~5.289E 04 ~1.T64E 05
0.435 0.060 —24.435 200.139 ~6.927E 04 -1.889E 05
0.450 0.063 ~24.033 204.881 ~8.866E 04 -1.912¢ 05
0.465 0.064 -23.919 210.574 -1.086E€ 05 ~1.838¢ 05
0.480 0.063 ~24.015 216.849 -1.266E 05 -1.690€ 05
0.495 0.061 ~24.253 223.189 -1.406€ 05 ~1.498E 05
0.510 0.059 -24.588 228.896 ~1.490E 05 ~1+300E 05
0.525 0.056 -25.000 233.155 -1.509€ 05 -1.130€ 05
0.540 0.053 -25.482 235.128 -1.463E 05 -1.020€ 05
0.555 0.050 ~25.99> 234,077 -1.361E 05 -9.863E 04
0.570 0.048 ~26.429 229.585 -1.218¢t 05 -1.037€ 05
0.585 0.047 -26.593 222.048 ~1.051& 05 ~1.165E 05
0.600 0.048 -26.333 213.085 ~8+.827E 04 -1.355¢ 05
0.615 0.052 -25.686 204.876 ~T7.328t 04 -1.580¢€ 05
0.630 0.057 ~24.859 198.829 ~6.184E 04 =1.814E 05
0.645 0.063 ~24.067 195.217 -5.509E 04 -2.025¢€ 05
0.660 0.067 ~23.440 193.728 =5.354E 04 -2.192E 05
0.675 0.071 -23.032 193.945 ~5.698E 04 -2.295E 05
0.690 0.072 -~22.850 195.511 ~6.458E 04 -2.321¢€ 05
0.705 0.072 ~22.875 198.141 ~T.497¢ 04 -2.288E 05
0.720 0.070 ~23.073 201 .564 —8.649E 04 -2.189E 05
0.735 0.068 -23.408 205.476 ~9.T40E 04 -2.044E 0S
RADIATION PATTERN COMPUTATION ENGINEER PHIL POTTER FORMULATION CHUCK LAWSON
CASE NUMBER 522
COMPUTED RESULTS
PHI THETA GNORM 20=L0GLOIGNORN) PHASE ANGLE GIMAG GREAL
0.750 0.064 ~23.840 209.496 -1.061E 05 -1.875E 05
0.765 0.061 -24.338 213.161 -1l.113€ 05 -1.T703E 05
0.780 0.057 ~24.883 215.962 -1.122¢ 05 ~1.547E€ 05
0.795 0.053 =25.454 217.407 ~1.087E 05 ~1.421€ 05
0.810 0.050 -26.023 217.108 -1.011& 05 ~1.336E 05
0.825 0.047 ~26.539 214.899 -9.035¢ 04 -1.295E 05
0.840 0.045 -26.928 210.978 -7.771E 04 ~1.294E 05
0.855 0.044 -27.128 205.997 —6.468E 04 —1.326E 05
0.870 0.044 -27.122 200.933 ~5.276E 04 =1.379¢ 05
0.885 0.045 -26.964 196.728 ~4.328t 04 ~1.440¢€ 05
0.900 0.046 ~26.745 193.980 =3.726E 04 =1.496E 05
0.915 0.047 -26.546 192.914 =3.526€ 04 -1.538E 05
0.930 0.048 -26.417 193.499 ~3.T38E 04 ~1.557€ 05
0.945 0.048 -26.3171 195.576 -4.323E 04 =1.551€ 05
0.960 0.048 ~26.393 198.897 -5.201E 04 ~1.519€ 05
0.975 0.048 =26.455 203.127 ~6.263E 04 =1.466E 05
0.990 0.047 -26.527 207.842 ~7.385E 04 -1.398E 05
1.005 0.047 -26.595 212.562 ~B.444E 04 -1.322E 05
1.020 0.046 -26.663 216.818 ~9.329E 04 ~1.246E 05
1.035 0.046 -26.747 220.234 ~9.958E 04 ~1.177E 05
1.050 0.045 -26.870 222.555 -1.028t 05 -1.120E 05
1.065 0.044 =27.046 223.653 -1.028E 05 -1.078t 05
1.080 0.043 -27.274 223.504 -9.989E 04 -1.052€ 05
1.095 0.042 -27.536 222.179 -9.452t 04 -1.043€ 05
1.110 0.041 -27.803 219.854 ~B8.748E 04 -1.048E 05
1.125 0.040 ~28.036 216.817 ~T7.964E 04 -1.064E 05
1.140 0.039 ~28.204 213.460 -7.188E 04 -1.088E 05
1.155 0.039 -28.288 210.216 ~6.498L 04 ~l.116E 05
1.170 0.039 ~28.290 207.479 -5.956€ 04 =1.145E€ 05
1.185 0.039 -28.227 £05.218 ~5.601€E 04 -1.173€ 05
1.200 0.039 -28.121 204.452 ~5.448E 04 -1.198¢ 05
1.215 0.040 -27.993 204.256 ~5.487€ 04 -1.218E 05
1.230 0.040 -27.862 204.801 -5.688L 04 =1.231€ 05
1.245 0.041 =27.746 205.904 -6.003E 04 -1.236& 05
1.260 0.041 -27.662 207.366 -6.378& 04 -1.232€ 05
1.275 0.042 -27.627 208.999 ~6.7S4E 04 ~1.218€E 05
1.290 0.041 ~27.658 210.647 ~T.076E 04 ~1.194E 05
1.305 0.041 -27.771 212.187 -T.299€ 04 ~1.160€ 05
1.320 0.040 ~27.978 213.523 =7.389E 04 -1.115€ 05
1.335 0.039 -28.287 214.579 ~7.328t 04 ~1.063E 05
1.350 0.037 ~28.699 215.2717 ~7.112€ 04 ~1.005E 0S5
1.365 0.035 ~29.205 215.533 -6.752E 04 ~9.454E 04
1.380 0.032 -29.787 215.251 -6.270€ 04 ~8.872E 04
1.395 0.030 ~30.414 214.327 -5.700€ 04 ~8.348E 04
1.410 0.028 -31.038 212.679 ~5.079E 04 ~7.918€ 04
1.425 0.026 -31.602 210.303 ~4.448E 06 ~7.611€ 04
1.440 0.025 -32.063 207.332 ~3.847E 04 ~T.444E 04
1.455 0.u26 -32.313 204.069 ~3.313E 04 ~T.416€ 04
1.470 0.024 -32.399 200.938 -2.874t 04 ~T.512E 04
1.485 0.024 -32.326 198.351 ~2.554E 04 -7.698E 04

135
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Sample output (contd)
RADIATION PATTERN COMPUTATION ENGINEER PHIL POTTER FORMULATION CHUCK LAWSON

CASE NUMBER 522

COMPUTED RESULTS

PHI THETA GNORM 20#L0G10{GNORM) PHASE ANGLE GIMAG GREAL
1.500 0.025 -32.150 196.591 ~2.363E 04 -7.932E 04
90.000
0. 0.944 -0.496 14,663 8.015¢ 05 3.063E 06
0.015 0.927 -0.655 l4.549 7.810€ 05 3.009E 06
0.030 0.880 -l.106 14.054 7.167t 05 2.863€ 06
0.045 0.807 -1.867 13.107 6.132E 05 2.634E 06
0.060 0.711 -2.964 11.564 4,777t 05 24335E 06
0,075 0.600 ~4 <440 9.158 3.200€ 05 1.985€ 06
0.090 0.481 -6.354 5.377 1.511€E 05 1.606E 06
0.105 0.364 -8.784 359.185 -1.735¢ 04 1.219E 06
0.120 0.258 -11.771 348.357 -1.745€ 05 8.467E 05
0.135 0.177 -15.024 328.493 -3.107€ 05 5.068E 05
0.150 0.140 -17.059 297.125 -4.186t 05 2.144E 05
0.165 0.147 ~16.634 267.608 -4.935t 05 -2.062E 04
0.180 0.169 ~15.425 2504046 -5.336E 05 -1.937€ 05
0.195 0.185 ~14.653 240.495 -5.400E 05 -3.056€ 05
0.210 0.188 -14.519 235.001 -5.161t 05 -3.614E 05
0.225 0.178 -14.996 231.640 -4.67T7E 05 -3.701E 05
0.240 0.158 -16.051 229.476 -4.015€e 05 ~3.432E 05
04255 0.131 ~17.685 227.970 -3.251t 05 -2.930E 05
0.270 0.101 -19.935 226.678 -2.457€ 05 -2.317€ 05
0.285 0.072 -22.885 224.965 ~1.700E 05 -1.702€ 05
0.300 0.046 -26.663 221.404 -1.029& 05 -1.168E 05
0.315 0.027 -31.319 212.020 -4.829E 04 ~T7.722€ 04
0.330 0.016 -35.732 188.156 ~7.773E 03 ~5.424E 04
0.345 0.015 -36.320 158.870 1.846t 04 -4.T76E 04
0.360 0.019 -34.401 150.221 3.172¢ 04 ~5.544E 04
0.37% 0.024 -32.340 154.854 3.441E 04 -7.330E 04
0.390 0.030 -30.419 162.981 2.957c 04 ~-9.660E 04
0.405 0.036 -28.762 170.369 2.045E 04 -1.205E 05
0.420 0.042 -27.504 175.893 1.012E£ 04 -1.409E 05
0.435 0.046 -26.709 179.590 1.108E 03 -1.548€ 05
0.450 0.048 -26.385 181.704 -4.780E 03 -1.607¢ 05
0.465 0.047 -26.510 182.381 -6.582¢ 03 -1.583t 05
0.480 0.044 -27.039 181.595 -4.149c 03 ~1.490E 05
0.495 0.040 -27.901 179.165 1.968L 03 -1.350€ 05
0.510 0.036 -28.965 174.857 1.070E 04 -1.189E 05
0.525 0.032 -30.020 168.705 2.072€ 04 -1.037€ 05
0.540 0.029 -30.797 161.555 3.060E 04 -9.175E 04
0.555 0.028 -31.105 155.227 3.911& 04 -8.476E 04
0.570 0.028 -30.949 151.525 4.531E 04 —8.354E 04
0.585 0.030 =30.464 151,046 4.865€E 04 -8.793E 04
0.600 0.032 -29.792 153.165 4.901t 04 -9.688E 04
0.615 0.035 -29.050 156.760 4.667€ 04 -1.087E 05
0.630 0.038 -28.339 160.814 4.218E 04 -1.212E 05
0.645 0.041 -27.753 164.666 3.631t C4 -1.324t 05
0.660 0.043 -27.364 167.993 2.987E 04 -1.405E 05
0.675 0.044 -27.220 170.686 2.363E 04 -1l.441E 05
0.690 0.043 -27.351 172.7137 1.818t 04 -1.427E 05
0.705 0.041 ~-27.763 174.169 1.393E C4 —1.364E 05
0.720 0.038 -28.448 175.000 1.105E 04 -1.263E 05
RADIATION PATTERN COMPUTATION ENGINEER PHIL POTTER FORMULATION CHUCK LAWSON
CASE NUMBER 522
COMPUTED RESULTS
PHI THETA GNORM 20#L0OG1O0{GNORM) PHASE ANGLE GIMAG GREAL
0.735 0.034 -29.371 175.234 9.470& 03 —1.136E 05
0.750 0.030 ~30.465 174.877 8.972E 03 ~1.001E 05
0.765 0.026 -31.614 173.99¢6 9.208E 03 ~8.755E 04
0.780 0.023 -32.645 172.808 9.788E 03 -T.756E 04
0.795 0.021 -33.359 171,748 1.034E 04 -7.127E 04
0.810 0.021 -33.596 171.340 1.055¢t 04 -6.927E 04
0.825 0.022 -33.325 171.863 1.023c 04 -7.157€ 04
0.840 0.023 -32.653 173.163 9.297E 03 ~7.755€ 04
0.855 0.026 -31.767 174.843 7.775€ 03 ~8.615€ 04
0.870 0.029 -30.848 176.552 5.783c 03 -9.598E 04
0.885 0.032 -30.033 178.101 3.499t 03 -1.055 05
0.900 0.034 -29.410 179.431 1.128€ 03 -1.135€ 05
0.915 0.035 ~29.027 180.547 -1.132c 03 -1.186E 05
0.930 0.036 ~28.909 1681.481 -3.106t 03 -1.202€ 05
0.945 0.035 -29.064 182.263 ~4.663E 03 -1.180€ 05
0.960 0.034 -29.492 182.913 -5.713c 03 -1.123€E 05
0.975 0.031 -30.181 183.429 -6.209t 03 -1.036E 05
0.990 0.028 -31.110 183.771 -6.135t 03 -9.309t 04
1.005 0.024 -32,237 183.848 ~5.498t 03 -84175¢ 04
1.020 0.021 -33,493 183.492 -4.319€ 03 -1.078E 04
1.035 0.018 -34,765 182.460 -2.629t 03 -6.120E 04
1.050 0.016 -35.890 180.501 -4.704E 02 -5.381c 04
1.065 0.015 -36.679 177.55% 2.096E 03 -4.909E 04
1.080 0.014 -36.981 173.967 4.987t 03 ~4.719E 04
1.095 0.014 -36.7706 170.421 8.086E 03 -4.791E 04
1.110 0.016 -36.182 167.522 1.124€E 04 -5.080E 04
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RADIATION PATTERN COMPUTATION ENGINEER

CASE NUMBER 522
COMPUTED RESULTS

PHI

180.000

Sample output (contd)

1.125
1.140
1.155
1.170
1.185
1.200
1.215
1.230
1.245
1l.260
1.275
1.290
1.305
1.320
1.335
1.350
1.365
1.380
1.395
1.410
1.425
12440
1.455
1.470

PHIL POTTER

THETA

1.485
1.500

[+ 2%

0.015
0.030
0.045
0.060
0.075
0.090
0.105
0.120
0.135
0.150
0.165
0.180
0.195
0.210
0.225
0.240
0.255
0.270
0.285
0.300
0.315
0.330
04345
0.360
0.375
0.390
0.405
0.420
0.435
0.450
0.465
0.480
0.495
0.510
0.525
0.540
0.555
V370
0.585
0.600
0.615
0.630
0.645
0.660
0.675
0.690
0.705

0.017
0.019
0.020
0.022
0.023
0.023
0.023
0.023
0.022
0.020
0.019
0.018
0.016
0.015
0.014
0.013
0.013
0.013
0.013
0.014
0.015
0.016
0.017
0.018

GNORM

0.019
0.020

0.944
0.925
0.875
0.797
0.697
0.582
0.461
0.341
0.230
0.139
0.085
0.086
0.110
0.127
0.132
0.126
0.112
0.095
0.078
0.063
0.052
0.044
0.041
0.043
0.052
0.064
0.078
0.090
0.099
0.105
0.106
0.104
0.098
0.092
0.084
0.076
0.069
0.063
o.058
0.055
0.054
0.056
0.059
0.062
0.065
0.067
0.068
0.067

-35.389
=~34.564
-33.827
-33.246
~32.856
-32.669
~32.683
-32.889
~33.265
~33.784
~34.412
-35.106
-35.822
~36.511
-37.121
-37.595
-37.869
-37.889
~37.642
-37.171
-36.563
~35.906
-35.272
-34.703

165.501
164.291
163,719
163.636
163.950
164.617
165.628
166.988
168.693
170.704
172.920
175.146
177.075
178.305
178.414
177.091
174.305
170.425
166.168
162.322
159.454
157.801
157.341
157.915

FORMULATION CHUCK LAWSON

20¢L0G10{GNDRM)

~34.222
~33.840

-0.496

-0.673

-1.160

~1.970

-3.133

~4.695

-6.729

-9.355
-12.765
-17.148
~21.446
-21.304
~19.157
-17.900
~17.590
-18.016
-19.020
~2D.461
-22.175
~23.968
-25.655
-27.069
-27.834
-27.363
-25.761
~23.845
-22.167
-20.898
-20.054
-19.603
-19.500
-19.697
-20.140
-20.771
~21.528
-22.354
-23.198
-24.007
—24.699
-25.160
-25.282
-25.058
~24.615
-24.122
~23.715
~23.465
-23.393
-23.484

PHASE ANGLE

159.305
161.276

14.663

14.904

15.460

16.442

17.890

20.006

23.137

28.006

36.341

53.013

90.056
137.153
162.251
175.091
183.748
191.133
198.528
206.582
215.392
224,098
230.447
231.118
223.666
210,606
199.017
192.245
189.384
188.999
190.194
192.500
195.683
199.604
204.129
209.044
213.979
218.375
221.508
222.620
221.163
2i7.15%
211.479
205.669
201.089
198.394
197.636
198.613
201.067
204.733

1.427E
1.697E
1.913¢
2.055€
2.110€
2.068E
1.932€
1.712¢
1.427€
1.108E
T.862¢
4.983E
2.768E
1.482€
1.292€
2.244E
4.252€
T.110€
1.051€
1.410€
1.748E
2.029€
2,226
2.319€

GINAG

2.304E
2.187€

8.015€

7.979¢

T.829¢

7.563E

T.179¢

6.680E

6.071E

5.361€

4.569¢E

3.719¢

2.838E

1.962€

1.126€

3.653E
-2.892¢
~8.134F
-1.192¢
~1.423E
-1.511¢
-1.477¢
-1.348E
~1.157¢
~9.392¢
-7.312¢
~5.628E
-4.567¢
~4.259¢€
~4.729E
-5.896E
-T7.596E
-9.599E
-1.165E
~1.348E
=1.489E
~1.571¢
-1.587¢
-1.537E
~l1.431€
-1.284E
-1.118E
-9.530¢t
~8.111E
~7.091E
-6.581E
~6.622€
-7.180E
-8.154t
~9.392€

JPL TECHNICAL REPORT NO.

~5.519E
~6.034E
-6.550E
=7.000E
~T.333E
~T.517€
~T7.540€
~T.407E
-7.138E
~6.T6TE
-6.330E
~5.868E
=5.416E
-5.007E
~4.668E
~4.416E
~&.263E
~&.215€
~4.271E
~4.424E
~4.663E
-4.973E
-5.332€
-5.T16E

32-979

133333333333 3333333333 53

GREAL

~6.099€
—6.452E

3.063E

2.998¢

2.827E

2.563¢€

2.224E

1.835€

1.421E

1.008E

6.211€

2.801E
-2.782€
=2.115E
~3.518E
-4.253€
~4.415E
-4.133E
-3.558¢
—2.843E
-2.127€
-1.525¢E
-1.113E
~9.326E
~9.840E
~1.236E
~1-633E
-2.104€
~2.577E
~2.986E
=3.279¢€
=3.426E
=3.419E
~3.270E
~3.010E
~2.682t
-2+332k
=2.004E
~1.737¢
~1.555€
~1.469E
“1.475€
~1.556¢
~1.688E
~1.839¢t
=1.979¢
-2.083¢t
~2.132¢
-2.117€
~2.039E

04
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RADIATION PATTERN COMPUTATION

CASE NUMBER 522

COMPUTED RESULTS

RADIATION PATTERN COMPUTATION

CASE NUMBER 522

COMPUTED RESULTS

ENGINEER PHIL POTTER

PHI

ENGINEER

PHI

2710.000

Sample output (contd)

THETA

0.720
0.735
0.750
0.765
0.780
0.795
0.810
0.825
0.840
0.855
0.870
0.885
0.900
0.915
0.930
0.945
0.960
0.975
0.990
1.005
1.020
1.035
1.050
1.065
1.080
1.095
1.110
1.125
1.140
1.155
1.170
1.185
1.200
1.215
1.230
1.245
1.260
1.275
1.290
1.305
1.320
1.335
1.350
1.365
1.380
1.395
1.410
l.425
1.440
1.455

PHIL POTIER

THETA

1.470
1.485
1.500

[ 28

0.015
0.030
0.045
0.060
0.075
0.090
0.10%
0.120
0.135
0.150
0.165
0.180
0.195
0.210
0.225
0.240
0.255
0.270
0.285
0.300
0.315

GNORNM

0.065
0.063
0.060
0.058
0.055
0.051
0.048
0.045
0.043
0.042
0.042
0.044
0.045
0.047
0.047
0.048
0.047
0.046
0.046
0.044
0.043
0.042
0.041
0.039
0.038
0.036
0.035
0.034
0.034
0.034
0.034
0.034
0.034
0.035
0.035
0.036
0.036
0.036
0.036
0.035
0.034
0.032
0.031
0.029
0.026
0.024
0.022
0.021
0.020
0.020

GNORM

0.020
0.020
0.021

0.944
0.931
0.888
0.820
0.732
0.630
0.522
0.416
0.320
0.241
0.185
0.153
0.140
0.133
0.124
0.110
0.093
0.074
0.055
0,039
0.026
0.016

FORMULATION CHUCK LAWSON

20#L0G1O(GNORM)

-23.705
~24.017
-24.388
-24.804
=25.265
-25.777
-26.325
=-26.85%5
~27.273
=2T7.477
-27.433
~27.201
-26.901
~26.640
-26.480
~26.440
-26.508
-26.652
~26.839
-27.045
-27.264
-27.505
-27.782
-28.101
-28.450
-28.799
-29.105
-29.328
~29.449
-29.474
-29.430
-29.349%9
-29.253
-29.155
-29.063
-28.983
-28.931
~-28.924
~-28.985
-29.136
-29.394
-29.769
-30.262
-30.863
-31.545
-32.265
-32.960
-33.552
-33.970
-34.171

PHASE ANGLE

209.306
214.389
219.473
223.965
227.264
228.828
228.243
225.307
220.211
213.721
207.072
201.461
197.600
195.680
195.589
197.099
199.927
203.730
208.085
212.503
216.481
219.580
221.478
221.987
221.062
218.813
215.538
211.715
207.937
204.769
202.618
201.673
201.923
203.204
205.257
207.778
210.466
213.064
215.379
217.280
218.685
219.538
219.787
219.373
218,223
216.276
213.522
210.083
206.268
202.555

FORMULATEON CHUCK LAWSON

20¢LOG10(GNDRM}

-34.158
-33,.984
-33.717

-0.496
-0.621
-1.027
-1.720
-2.710
-4.011
~5.640
~7.610
-9.895
-12.368
-14.677
-16.301
-17.100
-17.548
-18.144
-19.140
~20.632
-22.648
-25.180
-28.191
-31.696
-36.162

PHASE ANGLE

199.441
197.276
196.183

14.663
14.416
13.792
12.729
11.111
8.739
5.2806
0.207
352.628
341.328
325.431
306,550
289.363
2717.166
269.983
266.768
266.767
269.714
275.666
284.574
295.299
303.728

GIMAG

~1.071E
~1.192E
-l.286¢
=1.339¢
=1.343€
~1.298E
-1.207¢
-1.082€E
~9.369E
~7.869E
~6.484E
~5.353E
~4.580E
~4.218¢
-4.273¢E
~4.696E
-5.401€E
-6.272¢
~7.182E
-8.005t
-8.637E
-9.002¢
—9.064€
-8.825¢
-8.324k
-7.630t
-6.830¢t
-6.021E
-5.292t
-4.719€
~4.354k
~4.220E
~4.313E
-4.604E
-5.039€E
-5.554¢E
-6.079E
-6.547t
-6.899¢t
-7.093E
-7.105E
-6.930¢
-6.582E
-6.089¢E
-5.490E
~4.833E
-4.164E
-3.530t
-2.970€
-2.516¢

GIMAG

-2.186E
-1.990t
~1.926€

8.015€
T.771¢
7.100€
6.059¢
4.729E
3.210¢
1.613¢
5.053¢E
-1.377¢€
~2.584E
-3.511€
-4.123E
~4.416L
~4.411E
~4.151E
~3.695E
-3.112¢
-2.4T1E
-1.837E
-1.264E
~T7.884E
-4.337E

04
04
04

05
05

GREAL

~1.908€
~1.T42E
~1.561€
~1+388E
~1.241€
=1.135¢€
-1.078E
-1.071E
-1.108E
-1+179€
-1.269€
~1.362€
=1.444E
~1.503E
-1.531€
-1.527€
~1.490€
~1.427€
-1+346E
~1+256E
~1.168E
-1.089€
-1.025€
-9.806E
-9.555E
-9.485€
-9.562E
-9.T43E
~9.979€
-1.023E
~1.045€
-1.062E
-1.072€
=1.074E
~1.068E
~1.054E
~1.033E
-1.006E
~9.715E
-9.317¢
-8.873E
-8.396E
~T.904E
~7.420€
-6.971E
-6.585E
-6.286E
-6.094E
~6.019€
-6.057E

GREAL

-6.193€
~6.399E
-6.636E

3.063E
3.023E
2.893E
2.682€
2.408E
2.088¢
1. T44E
1.396€
1.064€
T+647E
5.095¢t
3.057€
1.552€
5.546€
~1.233E
-2.087€
-1.758€
-1.235€
1.823k
3.285E
3.727E
2.895E
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Sample output (contd)

0.330 0.007 ~43.665 291.684 -2.043E 06  6.123€ 03
0.345 0.007 42,741 201.647 ~9.020€ 03 -2.273E 04
0.360 0.018 -36.961 186.707 ~6.994E 03 —5.947€ 04
0.375 0,029 -30.697 186.726 -1.146E 06 -9.717€ 06
0.390 0.039 -28.077 188.366 -1.925€ 04 -1.309E 05
0.405 0.047 -26.493 189.916 ~2.734E 04  —1.564€ 05
0.420 0.052 -25.697 191.012 -3.323t 04 -1.708E 05
0.435 0.053 -25.580 191.511 -3.519E 04 -1.728E 05
0.450 0.050 -26.101 191.262 -1.629€ 05
0.465 0,043 -27.269 189.850 -1.430€ 05
0.480 0.035 -29.130 186.565 -1.164E 05
0.495 0.026 -31.730 179.646 -8.686E 04
0.510 0.018 -34.893 165.372 ~5.840€ 04
0.525 0.013 -37.424 140,061 -3.458E 04
0.540 0.013 -37.639 114.313 4.009t 04 -1.811E 04
0.555 0.015 -36.765 102.529 4.T49E 04 —1.055E 04
0.570 0.015 -36.196 103.541 5.0506 04 =-1.216E 04
0.585 0.016 -35.902 114.138 4.904E 04 -2.197€ 04
0.600 0.017 ~35.269 131.119 4.354E 04 -3.801E 04
0.615 0.020 ~33.939 148.794 3.490E 04 -5.761E 04
0.630 0.024 -32.277 162.678 2.428BE 04 -T.786E 04
0.645 0.029 -30.785 172.293 1.299€ 04 -9.598E 04
0.660 0.033 -29.702 178.822 2.25S€ 03  -1.097€ 05
0.675 0.035 -29.091 183.340 -6.858E 03 -1.175€ 05
0.690 0.036 -28.951 186.524 -1.359E 04 -1.1B8E 05
RADIATION PATTERN COMPUTATION ENGINEER PHIL POTTER FORMULATION CHUCK LAWSON
CASE NUMBER 522
COMPUTED RESULTS
PHI THETA GNORM  20eLOGLO(GNORM)  PHASE ANGLE GINAG GREAL
0.705 0.03¢ -29.263 188.741 ~1.756E 04 ~-1.141E 05
0.720 0.032 -30.002 190.133 -1.865E 04 -1.043E 05
0.735 0.028 -31.133 190,649 ~1.T19E 04 ~9.144E 04
0.750 0.023 -32.592 190.034 -1.370E 04 ~-T7.T4SE 04
0.765 0.019 -34.239 187.827 -8.862€ 03 —6.44TE 04
0.780 0.016 -35.795 183.593 ~3.409E 03 ~S5.429€ 04
0.795 0,014 -36.833 177.691 1.95E 03  -4.824E 04
0.810 0.014 ~36.989 171.998 6.600E 03 -4.695€ 04
0.825 0.015 -36.285 168.655 1.011E 04 —-5.041E 04
0.840 0.018 -35.057 168.086 1.223E 064 -5.795E 04
0.855 0.021 -33.655 169.354 1.286E 04 ~6.840E 04
0.870 0.024 -32.315 171.436 1.209€ 04 -8.031E 04
0.885 0.028 -31.169 173.719 1.014E 04 -9.211E 04
0.031 -30.280 175.931 7.284€ 03  -1.024E 05
0.033 -29.670 177.987 3.86T€ 03 -1.100€ 05
0.034 -29.338 179.884 2.326E 02  -1.144E 05
0.034 -29.267 181.636 -3.293E 03 -1.153€ 05
0.034 ~29.430 183.250 ~6.418E 63 —1.130E 05
0.032 -29.788 184.697 -8.895€ 03 -1.083E 05
0.031 -30.290 185.893 -1.053t 04 -1.020€ 05
0.029 -30.870 186.684 -1.116€ 04 -9.526€ 04
0.027 -31.445 -1.071E 04 ~-8.912E 04
0.025 -31.927 -9.138€ 03 -B.44ZE 04
0.024 ~32.231 184.517 ~6.458E 03 -B.174E 04
0.024 -32.297 181.946 ~2.763E 03 -8.133E 04
0.025 ~32.116 178.769 1.785E 03 -8.30TE 04
0.026 ~31.729 175.409 6.954E 03 -8.659€ 04
0.027 -31.221 172.234 1.245E 04 -9.127€ 04
0.029 -30.681 169.469 1.791E 04 -9.637E 04
0.031 -30.190 167.196 2.298€ 064 ~1.011E 05
0.032 -29.806 165.421 2.7296 04 ~-1.049E 0S
0.033 -29.567 164.120 3.049€ 0¢ ~-1.0T2E 05
0.034 -29.491 163.274 3.235€ 04 —1.077¢ 05
0.033 -29.588 162.881 3.272E 04 -1.062E 05
0.032 -29.854 162.961 3.159E 064 -1.031E 05
0.031 -30.278 163.543 2.909E 04 -9.846E 04
0.029 ~30.838 164.657 2.54T€ 04 -9.283E 04
0.027 -31.502 166.306 2.111€ 04 ~B.665E 04
0.024 ~32.224 168.432 1.646E 04 -B.039E 04
0.023 -32.953 170.876 1.196E 04 ~—7.450E 04
0.021 -33.633 173.350 8.080¢ 03 -6.930€ 04
0.019 -34.2i6 175,462 S.162E 03  ~6.504E 04
0.018 -34.668 176.802 3.456E 03  -6.184E 0%
0.018 -34.970 177.070 3.058E 03 ~-5.974E 04
0.018 -35.116 176.186 3.913E 03 -5.869€ 04
0.018 -35.110 174.326 5.820E 03 -5.858E 04
0.018 -34.966 171.874 8,459t 03  -5.92%E 04
0.018 -36.717 169.297 1-144E 04 -6.052¢ 04
1.425 0.019 -34.408 167.019 1.434E 04 —6.219E 04
1.440 0.020 -34.088 165.338 1.676E Q06 -6.406E 04
RADIATION PATTERN COMPUTATION ENGINEER PHIL POTTER FORMULATION CHUCK LAWSON
CASE NUMBER 522
COMPUTED RESULTS
PHI THETA GNORM  20eLOGLO(GNORR)  PHASE ANGLE cInAG GREAL
1.455 0.020 -33.803 164.407 1.839E 04 -6.590E 04
1.470 0.021 ~33.587 164.264 1.902E 04 ~-6.T51E 04
1.485 0.021 -33.463 164.864 1.858E 04 -6.868E 04
1.500 0.021 33,444 166,111 1.7126 04 -6.923E 04
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Sample output, plotted (contd)
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JPL TECHNICAL REPORT NO. 32-979

XIV. ANTENNA NOISE TEMPERATURE PROGRAM

f T.Y. Otoshi and C. T. Stelzried ~ f’j;{; A

Program: 5634000, binary in Jet Propulsion Laboratory
Library
Engineers: T. Y. Otoshi and C. T. Stelzried

Programmer: Theima Chapman

A. Program Description

This program computes the zenith antenna tempera-
ture from antenna radiation patterns and antenna envi-
ronment brightness temperatures. The probable error of
the antenna temperature is also computed from the
probable errors of the input data.

The program is presently restricted to a special an-
tenna case for which the following basic requirements
must be fulfilled: (1) the antenna must have circular physi-
cal symmetry, (2) the antenna aperture is excited by only
TE,, and/or TM,, cylindrical waveguide modes, and
(3) the antenna is situated in an environment where the
brightness temperature profile changes only with respect
to the antenna polar angle variable 4. Although the last
requirement would be difficult to fulfill in practice, the
condition is nearly realized by a zenith-oriented antenna
in a flat ground environment.

N67-28735

Derivation of the special case antenna temperature
equation for this program is discussed in Ref. 25. The
antenna temperature is calculated by subdividing the an-
tenna environment into n number of subregions and then
summing up the noise temperatures contributed by each
subregion. Antenna polar angles # = 0 and 8 = = define
the upper and lower limits of integration. Using reciproc-
ity, the noise temperature received from a subregion may
be calculated by determining the fraction of total radi-
ated power contained in the solid angle subregion, and
then multiplying this fractional power by the average
brightness temperature as seen by the antenna over the
solid angle sector (Refs. 26 and 27).

Sky brightness temperature input data for this pro-
gram may be obtained from the sky brightness tempera-
ture versus frequency curves published by D. C. Hogg
(Ref. 28). These curves account for atmospheric absorp-
tion effects only. Ground brightness temperature is a
function of the dielectric constant and electrical conduc-
tivity of the ground, frequency, polarization, angle of
incidence, and also reflected sky temperature. A discus-
sion of the equations used to compute brightness tem-
peratures is presented in Ref. 29. A list of 2295-Mc
brightness temperatures is shown in the sample printout
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pages. This list is applicable to a circularly polarized
antenna (or an antenna with identical E- and H-plane
patterns) in a desert ground environment at 290°K phys-
ical temperature.

The computer uses data from two antenna patterns
to compute fractional power contained in a subregion.
A. Ludwig® pointed out that the total power pattern of
any antenna, whose aperture is circularly symmetric and
excited by m = 1 modes, can be completely described in
terms of two selected patterns. For a linearly polarized
antenna, the two required patterns are the E- and H-plane
patterns. For a right circular polarization (RCP) or left
circular polarization (LCP) antenna, the two required
patterns are the receive patterns taken with the illumi-
nator, illuminating first in RCP and then in LCP.

In terms of the two selected pattern data, the antenna
temperature equation, which is used by the computer,
is given as

E[Tm (Pui + p2i) (sin ) (i — 6:)]
Ty~ =5 (1)
2 [(Pu‘ + P::i) (Sin 0i) (oin - 01‘71)]

i=2

where

T,; = average brightness temperature of the ith an-
nular solid angle segment, °K

6; = angle (in radians) corresponding to the ith
subregion, while 6;,, and 8;_, are the angles
corresponding to the (i + 1)th and (i — 1)th
subregions, respectively

Pai, P2i = normalized powers for the ith subregion as
determined from patterns 1 and 2, respec-
tively, and are calculated from raw pattern
data from the following equation

pli — 10[1"'11‘—-";\!1)/10] (2)
and

Poi = 101F2i-Fsn/10] (3)
where

F,; = value of the ith data point on pattern 1, as read

relative to 0 db of the recording scale. The value
of any F,; point must be negative decibels, with
the exception of any 0-db values

*A. Ludwig, private communication, Jet Propulsion Laboratory,
Pasadena, California, 1965.
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F,; = value of the ith data point (in decibels) on pat-
tern 2, as read relative to 0 db of the recording
scale

Fy, = least negative data point value (in decibels) on
pattern 1

A samplc pattern recording showing F,; and Fy,; may be
seen in Fig. 4. Pattern 1 can be either the E- or H-plane
pattern for the linearly polarized antenna case. For an
RCP antenna, pattern 1 is the pattern obtained when the
illuminator is transmitting RCP. For a LCP antenna,
pattern 1 is the pattern obtained when the illuminator is
transmitting L.CP.

10 I T
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-180 —144-108 -72 -36 O 36 72 108 144 180
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Fig. 4. Sample pattern recording for an antenna
with circular symmetry

For the general case, the data on both patterns should
be normalized by Fy,. However, for the case of the
linearly polarized antenna, it is permissible to normalize
data on pattern 2 by Fy. (least negative data point on
pattern 2) so that

Pui = 10[(F‘_‘,—FA|,-_‘D/10] (4)

This is done for this case so that any recording system
drift occurring between the taking of the two patterns
becomes noncritical. The computer will automatically
select and use Egs. (2) and (3) for circularly polarized
antenna cases and Egs. (2) and (4) for linearly polarized
antenna cases. The computer finds values of Fy, and F,,.
from the F,; and F.; input data.
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For either linearly or circularly polarized antennas, the
computer uses the following equation for maximum an-
tenna gain calculation.

4 + 2
G, = _ (Pix + Pox) (5)

> [(P;i + p2i) (sin 6;) (i — 9;-1)]

i=2

where

P = maximum normalized power point in the pattern
1 input array. From Eq. (2), it may be seen that
the value of p,. will always be equal to unity.

The k subscript refers to the i = kth subregion
in which this maximum data point exists

p.x = normalized power point in pattern 2 occurring
in the i = kth subregion. For linearly polarized
antenna cases, F,; at i = K will be equal to Fy.,
and so, from Eq. (4), the value of p.; is unity.

The total probable error of the calculated antenna tem-
perature is a function of the probable errors of the input
data. Using the analytical method given in Ref. 25, the
equation for the total probable error of the calculated
antenna temperature for the general polarization case is
obtained as

[PEZ, ] [(Pai + pui) (sin 6)) (6is

— 0i—1]2

+ (1219) [PE: + PE_ + bF2,] [(Toi—T.) (pus sin 65) (Ben— 1)

10

PE. — Gy In 10\ 2
T4 4(p1k + sz) F

™ME

[

+ (T) [PEi -+ PE;’,M: + bng,] [(Tbi_ T,,) (pzi sin 0,) (0i+1'- Oi_l)]z (6)

(Tb(i—l) - TA) (pl(i—l) + Pz(i-n) (Sin 9i—1) 2
+ [PE2 ]| + (Toi—T4) (Prit p2i) (cos 6;) (5.1 — 6i-y)
- (Tb(im - TA) (Pm‘u) + quﬂ)) (sin 0i+1)

where

PEr,, = probable error of ith value of brightness tem-
perature, °K

PE, = constant probable error in the pattern data due
to recorder jitter and the accuracy with which
pattern data can be digitized, db

b = pattern recording system nonlinearity error

constant, db/db
PE,, = probable error of Fy,, db
PEy,, = probable error of Fy., db
PE,; = probable error of ith value of 6, rad

Account has not been taken in the probable error
expressions for errors caused by limited dynamic range

of the patterns. The limits of this source of error are found
by computing the antenna temperature in two ways. The
antenna temperature is first solved by the computer with
the given input pattern data and then all data points
equal to or greater than —40 db replaced by —70 db.

B. Applications

This program can be used to compute zenith antenna
temperature for any circularly symmetric antenna whose
aperture is excited with TE,, and/or TM,, circular wave-
guide modes. Most circular feed horns and paraboloidal
antennas presently being used in the Deep Space Instru-
mentation Facility and Jet Propulsion Laboratory space-
craft systems are applicable to this program. The program
can also be used to compute antenna temperatures for the
azimuth and elevation channels of a monopulse antenna.
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C. Input
Card Parameters Format
1 ICASE I3
2 AZ 12A6
3 BZ 2A6
4 CcZ 2A6
5 PEA,B,PETHET,PEF1,PEF2]| 5F10.0
6 M, N, IF20PT 313
7 ALPHA(1), TB(1), PETB*(1), | 4F10.0
PETB+«(1)
M+6 ALPHA(M), TB(M), PETB*(M),
PETB-(M)
M+7 THETA(1), F1(1), PH1, F2(1),| 5F10.0
PH2
M + N + 6| THETA(N), F1(N), PHI, F(N),
PH?2

ICASE = number of complete sets of input data,

AZ

BZ

CzZ

usually 1

= title for “antenna project,” Columns 2

through 72

= pattern numbers, Columns 2 through 6,

and 7 through 12

= date, Columns 2 through 12

PEA = constant probable error in the patterns

(in decibels). This variable is the same
as PE, in Eq. (6)

= pattern recording system nonlinearity er-

ror constant (in decibels/decibel). This
variable is the same as b in Eq. (6)

PETHET = probable error of the ith value of 6 (in

radians). This variable is the same as PE,,
in Eq. (6)

PEF1 = probable error of Fy, (in decibels). This
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variable is the same as PE;, in Eq. (6)

PEF2 = probable error of Fy. (in decibels). This.
variable is the same as PEr,, in Eq. (6)

M = number of brightness temperature input
data cards (M < 200)

N = number of pattern input data cards
(N < 500)

IF20PT = 0 for circular polarization case
= 1 for linear polarization case
ALPHA(]) = polar antenna angle (in degrees) and cor-

responds to the jth subregion of the J
data input array

TB(]) = brightness temperature corresponding to
ALPHA(]), °K

PETB+(]) = positive probable error of TB(J), °K
PETB-(]) = negative probable error of TB(]), °K

THETA(I) = polar antenna angle (in degrees) and cor-
responds to the ith subregion of the I data
input array. The angle, when converted
to radians by the program, is the same
as 6; in Egs. (1) and (6)

FI(1) = pattern 1 data (in decibels) correspond-
ing to THETA(I). Same as variable F,; in
Eq. (2) and Fig. 4

PHI = 0.0 or any value suitable for input format
of F10.0

F2(1) = pattern 2 data (in decibels) correspond-
ing to THETA(I). This variable is the
same as F,; in Eq. (3).

PH2 = 0.0 or any value suitable for the input
format of F10.0

The values PHI and PH2 are not used in this com-
puter program, but the pattern data card format is iden-
tical to that for Ludwig’s Efficiency Program (IX). There-
fore, the same pattern data cards can be used for either
program.

As previously discussed, the FI(I) and F2(I) pattern
data must be E- and H-plane pattern data for the linearly
polarized antenna case, and RCP and LCP illuminated
pattern data for circularly polarized antennas.

Consecutive cases may be run (the total number of
cases is specified on the ICASE card). Each new subse-
quent case requires all the input data cards shown previ-
ously with the exception of the ICASE card.
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The accuracy of the calculated antenna temperature
increases as the total number of pattern data points used
increases. In general, it has been found that pattern data
_input of 2° increments between 0° to 180° will result in
sufficiently accurate calculated temperatures.

The brightness temperature input (J-array) does not
have to have the same number of data points as the
antenna pattern input (I-array) because the program will
perform the necessary interpolations. It is not necessary
that the pattern or brightness temperature data input be
given in equal angular increments, but it is required
that the initial and final data points for both input data
arrays begin at 0° and end at 180°.

D. Output

On the first page of the sample case the program prints
out a table of the brightness temperature input data,

ALPHA(]), TB(]), PETB*(]) and PETB~(]). On the sub-
sequent page(s), the computer prints out a table of the
input data THETA(I), FI(I), F2(I); interpolated bright-
ness temperature data TB(I1), PETB*(I), PETB+(1); beam
efficiency, subregional antenna temperature contribu-
tions, and the sum of antenna temperature contributions.
At the end of the table, the computer prints out the input
probable error data values, the antenna gain (in decibels),
antenna gain probable error (in decibels), total antenna
temperature, and + antenna temperature probable error.

E. Sample Case

A sample output of a circularly polarized antenna case
is shown in the following. The total 7094 machine time
for this sample case was approximately 22 sec; the time
between execution and completion was 7 sec. The input
consisted of 99 brightness temperature cards and 91 pat-
tern data cards.
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1

AQUISITION AJID ANTENNA

Sample input

{SUM CHANNEL)

FREQ = 2295 MC

1 2
_ 6/16/66 3
0.05 .005 .002 .05 .05
99 .91 0 o R
0.000 2.450 .0980 =,0735
2.000 2,450 .0980
2.450 .0980
__2.450 _ .0980
2.455 .0982
10,000 2.460_ _ .0984
12,000 2.465 .0986
14,000 2,470 20988
! 163000 2,475 .0990
18,800 __ _2.480 _.0992
20.000 2,490 .0996
___22.000 2.500_ 1000
24.000 2.515 . 1006
26,000 2.530 £1012
28,000 2.565 .1026
30,000 2,600 <1040
32.000 2.660 .1064
34,000 2.720 .1088
36.000 2.810 L1124
! 38,000 2,900 £1160
| 40 .000 3,000 .1200
I ___ 42.000 3.100 . 1240
44.000 3.225 .1290
46,000 3.350 «1340
48.000 3.490 .1396
50,000 3,630 21452
52.000 3.800 <1520
54,000 3.970 .1588
56.000 4,135 1654
58.000 44300 .1720
60.000 4,500 . 1800
62.000 44700 21880
64.000 4.930 L1972
66,000 5.160 £2064
68.000 5.540 L2216
70,000 5.800 £2320
72.000 6.300 .2520
74,000 62800 -2720
76,000 7.550 .3020
78.000 8.300 .3320
80,000 9.570 .3828
82,000 12.500 45000
84,000 17.500 7000
85,000 20.000 . 8000
86.000 27.000 1.0800 -.8100
87,000 35.000 1.4000 -1.0500 .
88,000 61,300 2,4520 ~-1.83%0
89.000 87,500 3,5000 _-2.6250
89,500 100,000 4.,0000  ~3,0000
. 90,000 112,600 445040 -3,3780
I 90.500 109,094 4,3637 =-3.2128
91.000 106,313 442525  =3,1894
92.000  101.385 4.0554 —3.,0415
93,000 98.370 3.9348 L9511
94,000  109.527 4,381 -3,2858
95.000 120,475 4.8190 -3.6142
96,000 . 133,142 5.3257 __ ~3.9942
98.000 154.974 6.1989 -4,6492
6,952 -5,2140
102.000 189,882 745952 -5.6964
104,000 203,276 8,1310 ~-6,0982
106,000  214.333 8.5733  -6.4300
108,000 223.552 8.9420 _ ~6.7065
| 110.000 231.206 9.2482 -6.9362
‘ 112,000 237,622 9,5048  ~7,1286
114.000 242.949 9.7179 ~7.2884
‘ -1,4225
118.000 251.152 10,0460 =-7.5345
120,000 _ 254,276 10,1710 ~-7.6282
122.000 256.887 10.2755 =~7.7066
124,000 259,073 10,3629 =-7.7722
126,000 260.899 10,4359 =-7,8269
126,000 262,421 10,4968 _-7,8726
130.000  263.688 10,5475 ~7,9106
132,000 264.745  10.5898 -7.9423
134.000 265.620 10,6248 -7.9686
136,000  266.346 10,6538 -7,9903
138.000 266.943 10.6777 -8,0083
140,000 267,435 10,6974 ~~-8,0230
142,000 267.837 10.7134 -8,0351
144,000 268,164  10.7265 -8,0449 I
146,000 268,427 10,7371 ~8.,0528
48,000 268,640 _10.7456 -8,0592 _ -
I 150.000 268,808 10.7523 -8.0642
152,000 268.942 10,7577 -8.0682
154,000 269.046 10.7618 -8,0714
156.000 269,127 10,7651 -8.0738
158.000 269.188 10.7675 -8,0756
160.000  269.233 10,7693 _ -8,0770 e
162.000 269.266 10,7706 -8.,0779
i 164,000 269,289 10,7715 -8.0786
166,000 269.304 10,7721 =-8.0791
168.000  269.314  10.7725 =-8.0794 .
170.000 269.319 10,7727 =8.0795
172,000 269.322 10.7729_ -8.0796
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Sample input (contd)

174.000 269.323 10.7729 -B.0797
176,000 269.324 10,7729 -8.0797
178.000 269.324 10,7729 -8.0797
180.000 269.324 10,7729 -B8.0797

0.000 ~1.260 0.000  ~36.000 3.000
2.000 -1.500 0.000  -37.500 0.000
%.000 =Z.000 G.000  =34.000 0.000
6.000 ~3,000 0.000  -26.900 0,00
8.000 =%.200 G.000  -21.800 T .000

10,000 -5.800 0.000  -184500 0.000
12.000 =7.600 0.000 -16.600 0.000
14.000 -8.900 0,000  -15.600 3.000
16,000 ~10.000 0.000 -15.400 0.000
18,000 ~11.000 0.000  -15.800 0.000
20.000 -12.000 0.000  -16.600 6 .000
22.000  -13.100 0,000 -18.600 0.009
24.000 _ -14.700 __0.000 -20.900 0.000
26.000  -16.800 0.000  -24.200 0 .000
30.000  -21.900 0.000  -27.200 0.000
32,000 =-23.600 0,000 _ -25,300 0.000
34,000 -23.600 0.000 -24.000 0.000
36,000  ~-22,900 0,000 -23.800 0.000
38,000 -22.700 0,000 -24. 100 0.000
42.000  -23.900 0.000  ~26.900 0,000
44,000 ~25.500 0.000 __=-29.700 0.000
46,000 -27.800 0.000 ~33.500 0.000
48,000 __ -30.300 0.000  -35.700 0.000
50,000  -31.800 0.000  -33,000 0.000
- -30 0.000
54.000 ~3B.800 0.000 -28.200 0,000
56,000 ~37.,600 0.000  -27.600 0.000
58.000 —36.800 0.000 -27.400 0.000
60,000 =36.700 0.000 _ -27.200 0.000
62,000  —36,400 0.000 =27.200 0.000
64,000  ~36.500 0,000  -27.400 0.000
66.000  -36.700 0.000  -28.000 0.000
68,000  -37.200 0.000  -29.100 0.000
70.000 -38,400 0.000  -30.900 0.000
72.000 _ -29.900 0.000 _ -32.100 3.000
74.000  -31,200 0.000 —33.200 6000
7 o -31,900 0,000 -33,800 0.000
78.000 -32.500 0.000 -34.100 0.000
80.000 __ -33.500 0.000  ~35.000 0.000
82.000  ~34.500 0.000  —36.200 0.000
84,000  -35.500 0.000  -37.500 0,000
86.000  -36,400 0.000  ~38,400 3.000
88,000  -37,200 0,000 -38,500 0,000
90.000  -37.200 0.000 =37.800 0.000
92,000  -37.000 0.000 -37.500 0.000
94,000 -36.600 0.000 =-37.600 0.000
96.000  -36.600 0.000  ~-37.900 0.000
98.000  -36.700 0.000  -38.000 0.000
100,000 =36.900 0,000 __~38,200 0,000
102,000  =37.500 0.000  ~37.900 3,000
104.000 _ -38.200 0.000  =-36.600 0.000
106.000  -38.100 0.000 —36.400 0.000
108,000  ~37.800 0.000  -37.400 0,000
110.000  -37,900 0.000  —38.000 0.000
112,000 38,500 0.000  -38,900 0.000
114.000  —-39.000 0.000  -39.600 0.000
116.000  —39.000 0.000__ -39.900 0.000
118,000 -39.000 0.000  ~39,900 0.000
120.000 __ -39.000 0,000  =39,100 0.000
122.000  -39,800 0.060  —39.000 0.000
124,000 _ -40,000 0,000 =39,000 0.000
126,000  —40.000 0.000  —40.000 0,000
128,000  -40.000 0,000 -40,000 0.000
130,000 -40.000 0.000 -39,900 0.000
132,000 __ -40.000 0.000 __ ~40,000 0.000
134.000  ~40.000 0,000 -40,000 0.000
64000 -50,000 0.000  ~40,000 0.000
138.000  -%0,000 0.000  -40.000 0.000
140,000  -40,000 0.000 _ -40.000 0,000
142.000 _ —40.000 0,000 -40.000 0.000
144.000  -40.000 G.000 ~ =39,900  0.-000
146,00¢  —40.000 0,000  -39,900 9.000
148,000  ~40.000 0.000  -40.000 0 .000
150,000  —40.000 0,000 _ -40,000 0.000
152.000 -40,000 0.000  -40.000 0.000
54,000 -40,000 0,00 -40,0 o
156.000 -39.900 0.000  —#0.000 0.000
160.000  -40.000 0.000 40,000 0.000
162,000 —40.00C 0.000  -40,000 0.000
164,000 -40.000 0.000 -40.000 0.000
166,000 -39,900 0,000 _ -40,000 0,000
168.000 -39.900 0,000  ~40,000 0.000
172.000  ~40.000 0,000  ~40.000 0.000
174,000 40,000 0,000 _ -40.000 0.000
176,000 -40,000 0,000  -39.900 0.000
178,000 -40.000 0,000 -38.400 0.000
180.000  =-40.000 0.000  -29.900 0.000
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Sample output

ANTENNA TEMPERATURE AND ERROR ANALYSIS PROGRAM

ANTENNA PROJECT AQUISITION AID ANTENNA (SUM CHANNEL) FREQ = 2295 MC

PATTERNS 1 AND 2

e - BRIGHTNESS TEMPERATURE INPUT DATA

99 91 0 0.05 0.01 0.00 0.05 0.05
0.00 2.45 0.10
2.00 2.45 0.10
4200 B 2,45 0.10
6.00 2.45 0.10
, 8.00 2.46 0,10
| 10.00 2.46 0.10
12,00 2.47 0.10
14.00 2.67 0.10
o600 L2441 Q.10
18,00 2.48 0.10
20,09 2.49 0,10
22.00 2.50 0.10
24.00 2451 0.10
26.00 2.93 0.10
| 28400 . _ _ 2,56 0,10
! 30,00 2.60 0.10
12.00 2.66 0.11
34,00 2.72 0.11
36.00 2.481 0.11
38.00 z.90 0.12
40,00 3.00 0412
42,00 3.10 0.12
44,00 3.22 0.13 .
46,00 3.35 0.13
48,00 3,49 0.14
50,00 3.63 0.15
52,00 . _3ab0___ ____._0al5
54.00 3.97 0.16
36,00 4,13 0.17
) 58,00 4.30 0.17
60,00 4.50 .0.18
62.00 4.70 0.19
b4, 00 093 0.20
66,00 5.16 0.21
68400 5.54 0.22
70.00 5.80 0.23
72.00 6.30 _0.25
74,00 6.80 0.27
16400 755 0,30
78.00 8.30 0.33
80.00 9.57 0.38
82.00 12.50 0.50
—__ 84,00 17.50 0.70
85,00 20,00 0.80
. BesOO 27,00 1.08
87.00 35,00 1.40
88.00 61.30 2445
89.00 87.50 3.50
_ 89,50 100.00 _.4.00 0
90.00 112.60 4.50
90,50 109,09 4,36
‘ 91.00 106.31 4.25
' - 92400 101.39 L 4a06
93.00 98.37 3.93
. _.94.00 _109.53. __ __ _4.38
95.00 120.48 4.82
96400 133,14 5.33
98.00 154.97 6.20
o . ._l100.00 . __  _173.80_ ... . 6.95
102.00 189.88 7.60
. _. 104,00 .. 203.28 _ 8.13 _
106.00 214.33 8.57
108,00 223,55 8,94
110.00 231.21 9.25
. )l2e00 237,62 9.50
114.00 242,95 9.72
___ . _1l6.00 _ 247.62 9.90
118.00 251.15 10.05
120,00 254428 10,17
122,00 256489 10.28
... __l24.00 259.07 10.36
126.00 260.90 10.44
128.00_  _ 262.42 10.50
130.00 263.69 10.55
132,00 264,74 10,59
134.00 265.62 10.62
136,00 266.35 10.65
138.00 266.94 10.68
- ..140.,00 267,44 10,70
142.00 267.84 10.71
144000 268,16 10,73
146.00 268.43 10.74
__. }48.00 268.64 10.75
150.00 268.81 10.75
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Sample output (contd)

152.00 . 268.94 10.76 . -8.07
269.05 10.76 -8.07
269.13 10.77 -8.07
269.19 10.77 -8.08
269.23 10,77 . _-8.08
269.27 10.77 -£.08
269.29 10,77 .. ~B.0B
269.30 10.77 -8.08
269.31 10.77 -8.08
269.32 10,77 -8.08
269.32 10,77 ) -8.08
269.32 10.77 -8.08
176400 __269.32 10,77, -8.04
178.00 269.32 10.77 -8.08
180.00 269.32 10.77 ~8.08
0.00 -1.20 0.00 -36.00
_ 200 -1.50 0.00 -37.50
4.00 -2.00 0.00 -34.00
__6.00 -3.00 0.00 -26.90
8.00 ~4.20 0.00 -21.80
_10.00 é
12.00 o
_14.00
16.00
_18.00.
20.00
22.00
24.00
_26.00
28.00
C.m21.90 0400 . ... =27.20
32.00 -23.60 0.00 ~25.30
34,00 =23.60 0.00 =24.00
36400 -22.90 0.00 -23.80
_38.00 @ -22.70 0.00 e _m24510
40.00 -22.90 0.00 -25.10
42,00 -23.90 0200 _ __ ~26.90.
44.00 -25.50 0.00 -29.70
46,00 =27.80 0.00 ~33.50
48.00 ~30.30 0.00 -35.70
50400 -31.80 0200 -33.00
52.00 -30.50 0.00 ~30.00
54,00 -38.80 Q.00 ~28.20
56400 -37.60 0.00 -27.60
58,00 ~36.80 0.00 —27.a%0
60.00 -36.70 0.00 -27.20
62,00 =36.40 0.00 ~27.20
64.00 -36.50 ©.00 -27.40
66.00 =36.70 0.00 -28.00
68400 -37.20 0.00 -29.10
70,00 -38,40 0.00 =30.90
72.00 -29.90 0.00 -32.10
74400 -31.20 0.00 -
76.00 ~31.90 0.00 ~33.80
78.00 ~32,50 0.00 =34.10
80.00 -33.50 0.00 -35.00
82,00 =34,50 0.00 —3£,20
84.00 -35.50 0.00 ~37.50
86400 =36,40Q 0400 =38.40
88.00 -37.20 0.00 -38.50
-37.20 .00 =
92.00 -37.00 0.00 -37.50
~36,60 0.00 =37.60
96.00 -36.60 0.00 -37.90
98,00 ~36.70 000 =38.00
100.00 ~36.90 0.00 -38.20
102,00 =37.50 0,00 -37.90
104.00 -38.20 0.00 ~36.60
106,00 -38.10 0.00 =36.40
108.00 -37.80 0.00 -37.40
110.00 =37,9Q 0,00 ~38.00
112.00 -38.5C 0.00 ~38.90
114.00 39,00 ~32.50
116.00 ~39.00 0.00 -39.90
118,00 =3 0,00 3290
120.00 -39.00 0.00 ~39.10
122,00 -39.80 0.00 -39.00
124.00 -40.00 0.00 -39.00
126,90 -40.00 0.00 -40.00
128.00 -40.00 0.00 ~40.00
132.00 ~40.00 0.00 -40.00
~40,00 0,00 ~-40.00
136,00 ~40.00 0.00 -40.00
138,00 =40.00 -
140.00 ~40.00 0.00 -40.00
142.00 -40.00 ____%.00 ~40.00
144.00 ~40.00 0.00 ~39.90
146.00 =4 0,00 ~39.90
148.00 -40.00 0.00 ~40.00
00 —40. 0.0 -40.0
152.00 -40.00 0.00 ~40.00
154,00 =40.00 0.00 -40.00
156.00 -39.90 0.00 -40.00
158,00 ~39,90 __0.00 ~40.00
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Sample output (contd)

160.00 -40.00 0.00 -40.00
162,00 =40.00 ____. . ._0.00 ___ __-40.00
164.00 0.00 -40.00
166,00 0.00 40,00
168.00 0.00 -40.00
170,00 _0.00 __ _=40,00
172.00 0.00 -40.00
. 174.00 0.00 -40.00
176.00 0.00 -39.90
178,00 0,00 =38,40
180.00 0.00 ~39.90
F20PT K FLl(K) F2(K) L F2(L) F2L P2K

T 1 -1.2 -36.0 9 -15.4 -1.2 0.331131E-03
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Sample output

——— ANTENNA TEMPERATURE AND ERROR ANALYSIS PROGRANM

__ANTENNA PROJECY AQUISITION AID ANTENNA _(SuUM CHANNEL) = FREQ = 2295 M(
_PAYTERNS 2 AND__ 2 =

BRIGHTNESS TEMPERATURE INPUT DATA

ALPHA(J) T8LJ) PETBL+) PETB(~)
—J ___(DEGY {BEG_K) (DEG X) {DEG K}
)y 0.0 2445 0,10, =0.07
2 2.0 2.45 0.10 ~0.07
3 4.0 2245 0,10 =0,07
4 6.0 2.45 0.10 -0.07
5 8.0 2246 0.10 -0,07
6 10.0 2446 0.10 -0.07
7 12.0 2.47 0,10 -0,07
8 14.0 2.47 0.10 -0.07
9 . ._le.00 2:47. 0410, ~0.07
10 18.0 2.48 6.10 -0.07
11 20.0_ _ ____2.49 0.10 -0,07
12 22.0 2.50 0.10 -0.08
13 26440 245} 0,10 =0,08
14 26.0 2.53 0.10 -0.08
15 28.0 2,56 0.10 -0.08
16 30.0 2.60 0.10 -0.08
_17 32,0 2.66 0.11 -0.08
18 34.0 2.72 0.11 -0.08
19 36,0 2.61 0.1l -~0.08
20 38.0 2.90 0.12 -0.09
21 _40.0 3,00 . D.12 -0.09
22 42.0 3.10 0.12 -0.09
223 44,0 3.22 0.13 ~0.10
24 46.0 3.35 0.13 ~0.10
25 48.0 3.49 0.1% ~0.10
26 50.0 3.63 0.15 -0.11
_2T _ __52.0 . __3.80 0.15 -0.11
28 54.0 3.97 0.16 -0.12
29 56.0 4.13 0.17 -0.12
30 58.0 4.30 0.17 -0.13
31 60,0 4,50 0.18 ~0.13
32 62.0 «.T0 0.19 ~0.14
33 64.0 4.93 0.20 -0.15
34 66.0 5.16 0.21 -0.15
_35 68.0 5.54 0.22 -0.17
36 70.0 5.80 0.23 ~0.17
37 72.0 6.30 0.25 -0.19
38 T74.0 6.80 0.27
39 76,0 7.55 0.30
40 78.0 8.30 0.33
41 80.0 9.57 0.38
42 82.0 12.50 0.50
43 84.0 17.50 0.70
44 85.0 20.00 0.80
45 86.0 21,00 1.08
46 87.0 35.00 1.40
41 88.0 61.30 2.45
48 89.0 87.50 3.50
49 89.5 100,00 4.00 -
50  90.0 112.60 .50
51 90.5 109.09 4,36
52 91.0 106.31 4,25
53 92.0 101.39 £.06
54 93.0 98.37 3.93
55 94.0 109.53 4£.38
56 95.0 120.48 4.82
ST 96.0 133,14 5433
58 98.0 154.97 6.20
59 100.0 173.80 £.95
60 102.0 169.88 T.60
61 104.0 20328 f.13
62 106.0 214.33 8.57
63 108.0 223.55 8494
64 110.0 231.21 9.25
65 112.0 237,62 9.50
66 ii4.C 262.95 9.72
Py 116.0 247042 2.90
68 118.0 251.15 10.05
69 120.0 256,28 10,17
70 122.0 256.89 10.28
i 124.0 259.07 10,36
12 126.0 260.90 10.44
13 128.0 262,42 10.50
74 130.0 263.69 10.55
15 132.0 264,74 10.59
76 134.0 265.62 10.62
17 136.0 266435 10.65
78 138.0 266,94 10.68
79 140.0 26744 10.70
80 142.0 267.84 10.71
81 164.0 268,16 10.73
82 146.0 268.43 10.74
83 148.0 268,64 10,75
84 150.0 268.81 10.75
BS 152.0 26B.9% 10,76
86 154.0 269.05 10.76
a7 15640 269413 10.77
88 158.0 269.19 10.77
89 160.0 269,23 10.77
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Sample output (contd)

90 162.0 269,27 10.77 -8.08
91 164.0 269.29 10477 -8,08
92 166.0 269.30 10.77 -8.08
93 168,0 269431 10,77 8,08
94 170.0 269.32 10.77 -8.08
95 172.0 269.32 10,77 ~8,08.
96 174.0 269.32 10.77 ~8.08
97 176,0 269,32 10.77 ~-8.08
98 178.0 269.32 10.77 ~8.08
9 o 10.77_ =808




Sample output

ANTENNA PROJECT AQUISITION AJD ANTENNA (SUM CHANNEL) FREQ = 2295 MC

CIRCULAR POLARIZATION PAYTERNS . . . _ .

PATTERNS 1 AND 2. = .40 DB PATTERN CASE _ DAYE 616766
ANTENNA BEAM EFFICIENCY, TEMPERATURE, AND GAIN
THETA Fl F2 T8 PETBI+) PEYB(-) SUMCETA) TA SUM(TA)
1 (DEG) (D) __{DB) ADEG_K) . _ {UEG K)___ (DEG K) _ __ (DEG K) (DEG K}
1 0.0 —1.2 =36.9 2245 0,10 -0,Q1 0,000000 =
2 2.0 -1.5 -37.5 2.45 0.10 -0.07 0.046891 0.114882 0.114882
3 4.0 -2.0 34,0 ___ _2.45 0410 —0.07______ _0.130455 0.204731 0.319614
4 6.0 -3.0 2.45 0.10 -0.07 0.230261 0.244526 0.564140
5 8.0 ~4.2 2.646 0,10 -6.07 0.332402 0.25075% 0.814895
6 10.0 -5.8 2.46 0.10 -0.07 0.423718 0.224038 1.039532
1 12.0 —1.6 2,417 0,10 0,07 04500
8 14.0 —-8.9 2.47 0.10 —0.07 0.572679 0.177287 1.407082
9 16,0 -10,0 . 2e47 010 _ _ 0.640062 0.166773 1.573854
10 18.0 -11.0 2.48 0.10 0.702058 0.153750 1.727604
11 20.0 -12.0 2,49 0.10 _ -0.07 . 0.757202 0.137307 1.864911
12 22.0 -13.1 2.50 0.10 ~0.08 0.801826 0.111560 1.976471
13 2440 “14.7 251 0,10 =0.08 0.836249 [«
14 26.0 -16.8 2.53 0.10 -0.08 0.854789 0.051967 2.109982
15 28.0 -19.1 -27.2_ 2.56 0.10 ~0.08 0.867445 0.032463 2.142646
16 30.0 -21.9 -27.2 2.60 0.10 -0.08 0.875378 0.020626 2.163071
17 32,0 =23.6 =25.3 266 0.11 -0.08 0.882735 0.019568 2.182639
18 34.0 -23.6 -24.0 2.72 0.11 ~0.08 0.891590 0.024087 2.206726
19 36,0 =22.9 ~23.8 2.81 Q.11 ~0.08 0.901959 0.029137 2,235863
20 38.0 -22.7 ~24.1 2.90 0.12 ~0.09 0.912777 0.031372 2.267235
21 40.0 -22.9 ~25.1 3.00 0.12 ~0.,09 0.922801 0.030072 2.297307
22 42.0 -23.9 -26.9 3.10 0.12 ~0.09 0.930565 0.024069 2.321377
23 44,0 ~25.5 =29.7 3.22 0.13 -0.10 0.935692 0.016535 2.337912
24 46.0 -27.8 -33.5 3.35 0.13 ~0.10 0.936567 0.009631 2.347542
25 48,0 ~30,3 -35.7 3,49 0.14 -0,10 0.940263 0.005917 2.353459
26 50.0 ~31.8 -33.0 3.63 0.15 -0.11 0.941952 0.006130 2.359590
27 52.0 -30.5 -30.0 3.80 0.15 -0.11 0.944779 0.010745 2.370335
28 54.0 -38.8 -28.2 3.97 0.16 -C.12 0.947305 0.010027 2.380362
29 56.0 -37.6 -27.6 4,13 0.17 =012 0.950312 0.012434 2.392796
30 58.0 -36.8 -27.4 4.30 0.17 -C.13 0.953576 0.014036 2.406832
31 60.0 —36.7 —27.2 4,50 0.18 ~0.13 0.957059 0.01567) 22422503
32 62.0 ~36.4 -27.2 4.70 0.19 -0.14 0.960635 0.016807 2.439310
33 64.0 =36.5 =27.4 4.93 0.20 -0.15 0.964120 0.017181 2,456491
36 66.0 -36.7 -28.0 5.16 0.21 -0.15 0.967237 0.016088 2.472579
35 6840 =37.2 -29.1 5.54 0.22 ~C.17 0.969737 0.013848 2.486427
36 70.0 ~3B.4 -30.9 5.80 0.23 ~0.17 0.971444 0.009900 2.496327
37 72.0 -29.9 =32.1 6.30 0.25 -0.19 0.974403 0.018643 2.514970
38 74.0 -31.2 -33.2 6.80 0.27 -0.20 0.976660 0.015344 2.530315
39 76.0 ~31.9 ~33.8 71.55 0.30 -0.23 0.978616 0.014769 2.545084
40 78.0 ~32.5 ~34.1 8.30 0.33 -0.25 0.980382 0.014655 2.559739
41 80.0 -33.5 -35.0 9.57 0.38 -0.29 0.981807 0.013643 2.573382
42 82.0 -34.5 -36.2 12.50 0.50 -0.38 0.982925 0.013967 2.587349
43 84,0 =35.5 =37.5 17.50 0.70 -6.52 0.983792 0.015179 2.602528
44 86.0 ~36.4 ~38.4 27.00 1.08 -0.81 0.984499 0.015094 2.621623
45 88.0 -37.2 -38.5 61.30 2.45 —1.84 0.985128 0.038568 2.660191
46 90.0 -37.2 -37.8 112.60 4.50 -3.38 0.985805 0.076166 2.736358
47 92.0 -37.0 -37.5 101.3% 4.06 -3.04 0,986520 0.072547 2.808904
48 94.0 <36.6 -37.6 109.53 4.38 -3.29 0.987263 0.081381 2.890285
49 96.0 -36.6 -37.9 133.14 5.33 ~3.99 0.987982 0.095712 2.985997
50 98.0 -36.7 -38.0 1564.97 6.20 ~4.65 0.988682 0.108404 3.094402
51 100.0 ~36.9 —3R.2 173.80 6495 ~5e21
52 102.0 ~37.5 -37.9 189.88 7.60 ~5.70 0.989977 0.119822 3.329687
53 10440 ~38,.2 —36.6 203.28 Ba13 ~6.10 0.990658 0.138518 3.468205
54 106.0 -38.1 -36.4 214.33 8.57 ~6e4? 0.991359 0.150102 3.618307
55 108.0 =37.8 =37.4 223,55 8.94 —6.T71 0£.9919A7 0.160357 3A.T5866%
56 110.0 -37.9 -38.0 231.21 9.25 -6.94 0.992558 0.132191 3.890855
57 112.0 -38.5 -38.9 237,62 9.50 ~7.13 0.993033 04112902 _4.003757
58 114.0 -39.0 -39.6 242.95 9.72 -1.29 0.993442 0.099191 4.102948
59 11640 -39.0 -39.9 247 .42 9.9¢ ~7.42 0.993831 0.096296 44199244
60 118.0 -39.0 -39.9 251.15 10.05 ~7.53 0.994213 0.096026 4.295270
61 120.0 =39.0 =39.1 256428 10.117 —1a63 0.994622 0.106005 4.399275%
62 122.0 -39.8 -39.0 256.89 10.28 -7.71 0.994993 0.095322 £.494596
63 124.0 -40.0 ~39.0 259,07 10436 ~7.117 0.995349 0092057 4.586653
64 126.0 ~40.0 -40.0 260.90 10.44 -7.83 04995656 0.080098 4.666751
10,50 -7.87 0.995955 0.0784173 6.745224
66 130.0 40.0 -39.9 263.69 10.55 -7.91 0.9962469 0.077547 4,822771
A7 132.0 —40,0 —£0,0 Z6%aT% 10,59 ~7.94 0.996531 0.076660 4.897431
68 134.0 ~-40.0 ~40.0 265.62 10.62 ~7.97 0.996804 0.072508 4.969939
69 136.0 ~40,0 -40.0 266435 10465 -7.99 0.9970617. 0.0102ii 5.060150
70 138.0 -40.0 -40.0 266.94 10.68 -8.01 0.997321 0.067783 5.107933
71 140.0 —40,0 -40.0 267.44 10.70 ~8.02 04997565 0.065234 5,.173167
12 142.0 ~40.0 ~40.0 267.8% 10.71 -8.04 0.997799 0.062575 5.235742
23 14400 —40.0 =39,9 268,16 10,73 ~B.06
T4 146.0 —40.0 -39.9 268.43 10.74 -8.05 0.998239 0.057624 5.353878
1% 148.0 -40.0 -40.0 268 .64 10,15 -8.06 04998440 0.054022 407900
76 150.0 -40.0 -40.0 268.81 10.75 -8.06 0.996630 0.051004 5.458903
b 152.0 —40.0 -40.0 268,94 10.76 -8.07
78 154.0 —40.0 ~40.0 269.05 10.76 -8.07 0.998975 0.044757 5.551574
29 156.0 =39.9 -40.0 269,13 10.77 ~R.07 0.999131 0.062023 5.593597
80 158.0 -39.9 ~40.0 269.19 10.77 -8.08 0.999274 0.038712 5.632309
a1 160,0 -40.0 =40.0 269423 10.77 -8,08 0.999404 0.0346944 5.667253
82 162.0 -40.0 -40.0 269.27 10.77 ~8.08 0.999522 0.031576 5.698828
23 164.0 —40.0 -40.0 269429 10,77 -8,08 0.999626 0.028167 54126996
84 "166.0 ~39.9 -40.0 269.30 10.77 ~8.08 0.999719 0.025011 5.752007
.85 168.0 =19.9 —40.0 =
86 170.0 -40.0 -40.0 269.32 10,77 -8.08 0.999865 0.017747 5.791250
a8y 172.0 ~£0.0 —40.0 269,32 10,77 ~8.08 0.999917 0.0142246 S.805474
88 174.0 ~40.0 ~40.0 269.32 10.77 -8.08 0.999957 0.010683 5.816157
89 176.0 -40.0 -39.9 269432 10,77 —8.08 0.999984
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Sample output (contd)

90 178.0 ~40.0 =38.4 269.32 10.77 -8.08 1.000000 0.004361 5.827730
91 180.0 40,0 =39.9 269.32 10.77 —B.08 1.000000 =-0,000000 S.827730
____PEA =0.0500 DB . __ __GMD8 = 19.1643 DB _ __ . ________ TA(TOTAL}= S
B = 0.0050 DB PER DB PEGMDB = 0.0251 08B PETA(+)= 0.0423 DEG K
= ]} PETA(-}= 00,0362 D0EG K

PEF2M = 0.0500 DB
= 0.0020_ RADIAN . . -
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Sample output

—ANTENNA PROJECT AQUISITION AID ANTENNA (SUM CHANNEL)  FREQ = 2295 M

_PATIERNS 1 _AND 2 70 DB PATTERN CASE DATE  6/16/66
ANTENNA BFAM EEFICIFNCY, YEMPERATURE. AND GAIN

THETA Fl F2 T8 PETB(+) PETB{-) SUMIETA) TA SUM(TA)
1 (DEG) (D8) (DB) __ {DEG K). {DEG K) (DEG_K) {DEG _K) (DEG K)
1 0.0 =1.2 ~36.0 2445 0,10 ~0,07 0.000000 =0.000000 0.

2 2.0 -1.5 -37.5 2.45 0.10 -0.07 0.047087 0.115364 0.115364
3 450 =2.0 ~34.0 2.45 0.10 -0,07 0.13100) 0.205589 0,320952
3 6.0 -3.0 2649 2.%5 0.10 ~0.07 0.231226 0.245551 0.566503
5 8.0 ~4,2 -21.8 2.46 0.10 -0.07 0.333794 0.251805 0.818308
6 10.0 -5.8 -18.5 2.46 0.10 -0.07 0.425493 0.225579 1.043887
7 12.0 ~T.6 ~16.6 2,47 0,10 0,07 0,503001 0.191059 14234946
8 14,0 -8.9 ~15.6 2.47 0.10 -0.07 0.575078 0.178030 1.412975
9 16.0 ~10.0 ~15.4 2.47 0.10 -0.07 0.642743 0.167471 1.580446
10 168.0 -11.0 ~15.8 2.48 0.10 -0.07 0.704999 0.15439% 1.734840
1) 20.0 ~12.0 ~16.6 2.49 0.10 -0.07 0.760373 0.137882 1.872722
12 22.0 -13.1 -18.6 2.50 0.10 -0.08 0.805184 0.112027 1.964750
13 24,0 ~14.7 ~20.9 2.5) 0.10 ~0.08 0.837743 0.081885 22066635
14 26.0 -16.8 24,2 2.53 0.10 -0.08 0.858369 0.052185 2.118820
15 28,0 -19.1 =21.2 2,56 0,10 -0.08 0.871079 0.032599 2.151419
16 30.0 -21.9 -27.2 2.60 0.10 -0.08 0.879045 0.020712 2.172131
17 32. -23.6 =25.3 2,06 0,11 -0.08 0.886432 0.019650 20191781
i8 34.0 -23.6 -24.0 2.72 0.11 -0.08 0.895325 0.024188 2.215969
19 3640 2249 =23.8 2581 Qo1 - 9
20 38.0 -22.7 -24.1 2.90 0.12 -0.09 0.916600 0.031504 2.276732
21 40.0 -22.9 ~25.1 3,00 0.12 -0.09 0.926666 0.030198 2.306930
22 42.0 -23.9 -26.9 3.10 0.12 -0.09 0.934463 0.024170 2.331100
23 44.0 -25.5 -29.7 3,22 0413 ~0.10 0.939612 0.016604 2.347704
24 46.0 -27.8 -33.5 3.35 0.13 ~0.10 0.942499 0.009671 2.357375
25 48,0 ~30.3 ~35.7 3,49 D.14 ~0.10 0.944201 0.0059
26 50.0 ~31.8 -33.0 3.63 0.15 ~0.11 0.945897 0.006156 2.369473
27 52.0 -30.5 -30.0 3.80 0.15 -0.11 0.948737 0.010790 2.380263
28 54,0 -38.8 ~28.2 3.97 0.16 ~0.12 0.951273 0.010069 2.390332
29 5640 ~37.6 ~27.6 4,13 C.17 -0.12 0.954292 0.012486 2.402818
30 58.0 -36.8 ~27.4 4.30 0.17 -0.13 0.957570 0.014095 2.416913
3l 60,0 -36.7 ~27.2 4450 0.18 ~0.13 0.,961067 0,015736 224632649
32 62.0 ~36.4 ~27.2 4.70 0.19 ~0.14 0.964658 0.016878 2.449527
33 64,0 =27.4 4.93 0.20 =0,15 0.968158 0.017253 2.466780
34 66,0 -28.0 5.16 0.21 ~0.15 0.971289 0.016155 2.482935
35 68.0 ~29.1 5454 0.22 -0.117 0.973799 0.013906 2.496841
36 70.0 ~30.9 5.80 0.23 -~0.17 0.975513 0.009942 2.506783
37 72.0 -32.1 6430 0.25 -0.19 0.978484 0.018721 2.525504
38 74.0 -33,2 6.80 0.27 -0.20 0.980750 0.015409 2.540913
39 76.0 -33.8 7.55 0.30 -0.23 0.982715 0.014831 2.555744
40 78.0 -34.1 8.30 0.33 -0.25 0.984488 0.014717 2.570461
41 80.0 -35.0 9.57 0.38 ~0,29 0.985919 0.013700 2.584160
42 82.0 -36.2 12.50 0.50 -0.38 0.987041 0.014026 2.598186
43 84,0 -37.5 17.50 0.70 ~0.52 0.987913 0.015243 2.613429
44 86.0 -3B.4 27.00 1.08 ~0.81 0.988623 0.019174 2.632604
45 88.0 . =38.5_ 6130 _2.45 -1.84 . _0.989254 0.038730 2,671333
46 90.0 ~37.8 112.60 4.50 -3.38 0.989934 0.076485 2.747819
47 92.0 . =37.5 101.39 4,06 ~3.06 0.990652 0.072851 2.820669
48 94.0 -37.6 109,53 4.38 -3.29 0.991398 0.081722 2.902391
49 96.0 -36.6 -37.9 133.14 5.33 -3.99 0.992120 0.096113 2.998504
TR T 98,0 -36.7 -38.0 154.97 6.20 -4.65 0.992823 0.108859 3.107362
51 100.0  __ -=36.9  ._.=38,2 . 173.80 ... _6.95 _0.993490 0.115946 . 3.223309
52 102.0 -37.5 -37.9 189.88 7.60 0.994124 0.120324 3.343633
53  106.0 . _=38.2 . =36.6 ___203.28 _B.13 . - 194808 = 0.139098 2 3.462731
54 106.0 ~38.1 -36.4 214.33 8.57 0.995511 0.150730 3.633462
L1 108.0 ~37.8 =374 223,55 B .94 0.9961462 0.160948 = 3.7764407
56 110.0 -37.9 ~38.0 231.21 9.25 0.996716 0.132745 3.907152
57 112.0 =38.5 ~38.9 237,62 9.50 0.997193 0.113375
58 114.0 -39.0 ~39.6 242495 9.72 0.997603 0.099606 4.120133
59 116.0 ~-39,0 ~39,9 261042 9.90 0.997994 0.096699 £.216832
60 118.0 -39.0 -39.9 251.15 10.05 0.998378 0.096428 4.313260
al 120.0 =39.0 =39, 254428 10417 0.99A7B8  D.106441 4,417701
62 122.0 -39.8 -39.0 256.89 10.28 0.999161 0.095721 4.513422
63 124.0 =700 39,0 259,01 1043
64 126.0 -70.0 ~70.0 260.90 10.44 0.999360 0.000080 4.565063
__. 65 128.0 ~70.0 =700 262442 10,50 0.999361 _0.000079  4.565141
66 130.0 -70.0 -39.9 263.69 10.55 0.999510 0.039422 ©.606564
67 132.0 -70.0 =700 266418 1o 59 04999510 Q.000075 __  __ 6.604639
68 134.0 -70.0 -70.0 265.62 10.62 0.533512 0.000073 4.604712
69 13640 -70.0 -76.0 266,35 10,65 0,999511 0.,00007) = 4,4605782
70 138.0 -70.0 ~70.0 266.94 10.68 0.999511 0.000068 4.604850
71 140.0 ~70.0 ~70.0 267,46 10.
kH 142.0 -70.0 -70.0 267.84 10.71 0.999512 0.000063 4.604978
12 14540 ~70.0 -39,9 26B.16 10,73 0.999626 0.030762 _ 4.635761
T4 146.0 -70.0 -39.9 268.43 10.74 0.999735 0.02929% 4.665035
15 148.0 =70.0 =70.0 268,64 10.75
76 150.0 -70.0 ~70.0 268.81 10.75 0.999736 0.000051 4.665141
17 152.0 -70.0 ~70.0 268,94 10.76 0.999736 0.000048 &4.665189
8 154.0 -70.0 -70.0 269.05 10.76 0.999736 0.000045 4.665234
19 156.0 ~39,9 ~70,0 269413 10.77 0.999816 0.021363  &.6R659T
80 158.0 -39.9 -70.0 269.19 10.77 0.999889 0.019680 4.706277
8 160,0 -70.0 -70.0 269.23 10,77 0.999
82 162.0 -70.0 -70.0 269.27 10.77 0.999889 0.000032 4.706344
83 164,0 -70,0 ~-7Q.0 269.29 1071 0.999869 Q.000028  4.706372
84 166.0 -39.9 ~70.0 269.30 10.77 0.999936 0.012715 4.719087
BS 14R.0 =39.9 =710.0 269231 10,77 0£.999917 0.010928 4.1
86 170.0 ~70.0 -70.0 269.32 10.77 0.999977 0.000018 4.730033
87 172.0 ~70.0 -70.0 269,32 10.77 0.9999171 0,000014 = 4,730047
88 174.0 -70.0 -70.0 269.32 10.77 0.999977 0.000011 4.730058
B9 17640 ~70.0 ~39.9 269432 10477 0.999991 0.003667 £.733724
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Sample output (contd)

90 178.0 -70.0 -38.4 269.32 10.77 -8.08 1.000000 0.002590 4.736314
‘1 8 180.0 ~70.0 =39.9 269,32 10.77 . =8,08 . .1.000000 _ __ -0.000000 . 4.736314
0.0500 08 . GMDB = 19.1824 Db __JA(T0TAL)= 4.7363 _ DEG K _
0.0050 DB PER DB PEGMDB = 0.0252 D8 PETA{+)= 0.0377 DEG K
0.0500 OB e et e e = e e e D E AL S 020319  DEG K
0.0500 DB
0.0020 RADIAN _ - -
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