
FAAt,D-n-121 . 

I:-c:.~~ -PR- ?~-{)ty 
FAA WJH Technical Center 

1111111 11111 IIWHlIIIIIII 1111111111 1111111111111 

00090868 

EVALUATION OF A MODEL FOR SYNTHESIZING 
AIRCRAFT ANTENNA PATTERNS 

liT Research Institute
 

, . Under Contract to
 
DEPARTMENT OF DEFENSE
 

Electromagnetic Compatibility Analysis Center
 
Annapolis, Maryland 21402
 

.... 
tlBRJ1t_-"lV 

fa' (, '78 

February 1976 

FINAL REPORT 

, . 
., . . 

! 
" 

Document is available to the public through the 
National Technical Information Service, 

Springfield, Virginia 22161 . 

Preparikl for 

U.S. DEPARTMENT OF TRANSPORTATION 
FEDERAL AVIATION ADMINISTRATION 

Systems Research & Development Service 
Washington, DC 20590 



-

FAA-RD-77-121 

-----._-

NOTICE 

This document is disseminated under the sponsorship of the Department of 
Transportation in the interest of information exchange. The United States Government 
assumes no liability for its contents or use thereof. 

/
v'; 



Th·,RpoO pIe nlea I rt ocumentatlon age 
3. Recipient'. CatalOll No.2. Govern",ent "C:C..I.on No. 

5. Raport Oeta 

February 1976A MODEL FOR SYNTHESIZING AIRCRAFT 
6. Performing Organization Code 

8. Performing Organization Report No. 

Alec Bulawka and Susan Stover of IIT Research Institute ECAC-PR-75-064 

10. Work Unit No. ITRAISI 

Electromagnetic Compatibility Analysis Center 
11. Contract or Gr."t NO. 

21402 IAA!00T·FA70WAI-175 Task 30 (Part 1) 

13. Type of Report and PeriOd Covered 

Department of Transportation 
Final Report 

14. Sponsoring Agency CodeSystems Research and Development Service 
DC 20590 

Performed for the Spectrum Management Staff, Systems Research and Development 

The Federal Aviation Administration (FAA) tasked the Electro
magnetic Compatibility Analysis Center (ECAC) to determine the impact 
of aircraft antenna radiation characteristics on Air Traffic Control 
Radar Beacon System (ATCRBS) performance. 

An aircraft antenna pattern synthesis model developed by Ohio 
State University was examined in this report (Task 30, Part 1) to 
determine its applicability to ATCRBS performance analysis. Using 

as a vehicle, comparatively good patterns (with respect 
to measured data) were generated for several representative aircraft 
that employ the ATCRBS transponder. It was concluded that the model 
is well adapted to this type of application. 

A subsequent report (Task 30, Part 2) discusses the effect .of 
aircraft orientation, in conjunction with ATCRBS antenna patterns, 
on ATCRBS performance. 

18. Distribution Statement 

Document is available to the public 
through the National Technical Infor
mation Service, Springfield, Virginia 
22161 

20. Securtty Classif. (of thil page' 21. No. of Pege. 22. Pr;~e 

100UNCLASSIFIED 

1. Report No. 

FAA-RD-77-l2l 
4. Title and Subtitle 

EVALUATION OF 
ANTENNA PATTERNS 

7. Author!ll 

9. Performing OrganizatIon Name and Address 

DoD 
North Severn 
Annapolis, Maryland 

12. Sponsoring Agencv Name and Address 

U.S. 
Federal Aviation Administration 

Washington 
15. Supplementary Notes 

Service, FAA 

16. Abstract 

the model 

17. Key Words 

SYNTHESIS MODEL 
ANTENNA RADIATION PATTERNS 
AIRFRAME REPRESENTATION 
OSUAP 

19. Security Clalsit. (of this report) 

UNCLASSIFIED 

Form DOT F 1700.7 (8-72) Reproduction of completed page authorized 

i 



FAA-RD-77-121
 

PREFACE 

The ElectromClgnetic Compatibility Analysis Center (ECAC) is a Department of 
Defense facility, ,established to provide, advice and assistance on electromagnetic 
compatibility matters to the Secretary of Defense, the Joint Chiefs of Staff, the military 
departments and other 000 components. The Center, located at North Severn, Annapolis, 
Maryland 21402, is under executive control of the Assistant Secretary of Defense for 
Communication, Command, Control, and Intelligence and the Chairman, Joint Chiefs of 
Staff, or their designees, who jointly provide policy guidance, assign projects, and establish 
priorities. ECAC functions under the direction of the Secretary of the Air Force and the 
management and technical direction of the Center are provided by military and civil service 
personnel. The technical operations function is provided through an Air Force sponsored 
contract with the liT Research Institute (IITRI). 

This report was prepared for the Systems Research and Development Service of the 
Federal Aviation Administration in accordance with Interagency 'Agreement 
DOT-FA7OWAI-175, as part of AF Project 649E under Contract F-19628-78-C-0006, by the 
staff of the liT Research Institute at the Department of Defense Electromagnetic 
Compatibility Analysis Center. 

The special contribut!on of Dr. W. D. Burnside of the Ohio State University 
Electroscience Laboratory, whose cooperation and assistance made this report possible, is 
acknowledged. 

To the extent possible, all abbreviations and symbols used in this report are taken from 
American Standard Yl0.19 (1967) "Units Used in Electrical Science and Electrical 
Engineering" issued by the USA Standards Institute. 
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Project Engineer, IITRI Assistant Director 
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FEDERAL AVIATION ADMINISTRATION
 
SYSTEMS RESEARCH AND DEVELOPMENT SERVICE
 

SPECTRUM MANAGEMENT STAFF
 

STATEMENT OF MISSION
 

The mission of the Spectrum Management Staff is to assist the Department of State, 
Office of Telecommunications Policy, and the Federal Communications Commission in 
assuring the FAA's and the nation's aviation interests with sufficient protected 
electromagnetic telecommunications resources throughout the world to provide for the safe 
conduct of aeronautical flight by fostering effective and efficient use of a natural 
resource--the electromagnetic radio-frequency spectrum. 

This objective is achieved through the following services: 

• Planning	 and defending the acquisition and retention of sufficient radio-frequency 
spectrum to support the aeronautical interests of the nation, at home and abroad, and 
spectrum standardization for the world's aviation community. 

• Providing	 research, analysis, engineering, and evaluation in the development of 
spectrum related policy, planning, standards, criteria, measurement equipment, and 
measurement techniques. 

• Conducting electromagnetic compatibility	 analyses to determine intra/inter-system 
viability and design parameters, to assure certification of adequate spectrum to support 
system operational use and projected growth patterns, to defend the aeronautical 
services spectrum from encroachment by others, and to provide for the efficient use of 
the aeronautical spectrum. 

• Developing	 automated frequency-selection computer programs/routines to provide 
frequency planning, frequency assignment, and spectrum analysis capabilities in the 
spectrum supporting the National Airspace System. 

• Providing spectrum	 management consultation, assistance, and guidance to all aviation 
interests, users, and providers of equipment and services, both national and 
international. 
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EXECUTIVE SUMMARY 

With the increasing density of air traffic, maintaining air
craft safety has become an item of prime concern. Continuous, 
uninterrupted surveillance of aircraft by ground controllers has 
become a virtual must in the heavily congested air environment 
over the United States. The Federal Aviation Administration (FAA) 
has kept stride with the ever-increasing surveillance needs by 
periodically upgrading its automated systems. These systems rely 
on the Air Traffic Control Radar Beacon System (ATCRBS) for accu
rate and reliable information. 

Needing a better insight into air-to-ground transponder an
tenna coupling discontinuities, the FAA engaged the DoD ECAC 
to determine the suitability of antenna-pattern-synthesis computer 
programs for ATCRBS system performance analysis. The Ohio State 
University Antenna Pattern (OSUAP) synthesis model was selected 
as the more versatile of only two known models with this capability. 

The model determines the effects of the basic aircraft struc
ture on the radiation pattern of an antenna mounted on its fuse
lage. Four representative aircraft were selected to test the 
model's usefulness for application to FAA-related problems. 

Antenna patterns were generated by the model for the ATCRBS 
transponder antennas on the four aircraft. The synthesized 
patterns closely approximate patterns obtained from scale-model 
measurements made by Lincoln Laboratories. 

v/vi 
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SECTION 1 

INTRODUCTION 

BACKGROUND 

During the past few years the Federal Aviation Administration 
(FAA) has enhanced air traffic control surveillance through use 
of automated systems to provide target tracking, alpha-numeric 
displays, altitude reporting, and discrete identification. These 
automated systems rely on the ATCRBS (Air Traffic Control Radar 
Beacon System) for high-quality interference-free input data. 
The FAA and DoD have significantly improved ATCRBS performance 
through the AIMS (ATCRBS-IFF-MK XII System) Program, the ATCRBS 
Improvement Program, and the ATCRBS interrogator-control and PRF 
management programs. However, despite these improvements, prob
lems relating to the ATCRBS omni-directional antenna aboard the 
aircraft still concern FAA. 

Theoretically, the ATCRBS airborne antenna should be omni
directional. However, because of the antenna's location on the 
aircraft and shielding afforded by the wings, nacelles, and 
fuselage, nulls are generated in the antenna pattern. Frequently 
in a turn or a bank an aircraft antenna will be shielded from 
the direct line-of-sight path to an interrogator, thereby causing 
a broken or missed target return. This can result irt track loss 
with the automated system and increased controller fatigue with 
the wide-band system. 

The FAA, needing a better understanding of how ATCRBS per~ 

formance is affected by aircraft antennas, engaged ECAC to deter
mine aircraft antenna radiation characteristics. 

OBJECTIVE 

The objective of this task (Task 30, Part 1 of 2 parts) was to 
evaluate the suitability of antenna-synthesis computer programs for 
use in analyses of ATCRBS system ~erformance. (Part 2 of Task 30 
is covered in a separate report). 

APPROACH 

ECAC obtained the documentation and computer program for the 
Ohio State University Antenna Pattern (OSUAP) synthesis model. The 

IGibson, T., Evaluation of Transponder Antenna Coverage/ATCRBS Per
formance During Simulated Flights of Aircraft, FAA-RD-77-l22, ECAC, 
Annapolis, MD, July 1976. 

1 
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documentation and program were reviewed to determine if the model 
can be a useful tool in examining the impact of antenna patterns 
on ATCRBS performance. Factors considered in selecting this model 
were the ability of the model to accommodate movement of antennas 
on the fuselage; the variety of antenna types that can be modeled; 
the fact that the aircraft is treated as a three-dimensional shape; 
and the ease of modifying and using the program. The model was 
analyzed and executed on the ECAC UNIVAC 1110 computer for several 
representative aircraft. Comparisons were made between measured 
and computer-generated patterns. 

2
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SECTION 2
 

ANALYSIS AND IMPLEMENTATION OF THE MODEL 

GENERAL 

This section illustrates the 'application of the Ohio State 
University Antenna Pattern (OSUAP) model in determining radiation 
patterns for fuselage-mounted aircraft antennas in three prin
cipal planes. A detailed mathematical description of model develop
ment is presented by W. D. Burnside of Ohio State University.2 

Four specific aircraft are used in this report for comparison
 
between the model-synthesized patterns and measured patterns.
 
They are:
 

1. BOEING 747 
2. BOEING 727 
3. CESSNA 150 
4. MCDONNELL DOUGLAS PHANTOM (F-4H). 

AIRCRAFT MODELING 

The basic aircraft configuration analyzed herein is illustrated 
in Figure 1. It is composed of flat plates and a cylinder, which 
are the most important contributors to the antenna pattern develop
ment. The model was developed with certain limitations on defining 
the physical structure of the aircraft. The engines and vertical 
stabilizer were omitted from consideration and the fuselage was 
modeled as an infinitely long cylinder. 

In the following paragraphs, the representations used by the 
Ohio State model are discussed. 

The roll-plane cross section of an aircraft is in the X-Y 
plane which revolves around the Z axis. Figure 1 illustrates the 
BOEING 727, and Figure 3 shows the geometry of an idealized version 
of the same aircraft and the coordinate system as used in the model 
of the roll plane. Note that, for elliptical cross sections, the 
fuselage cross section is designated by both semi-major (af ) and 

semi-minor (bf ) axes. For circular cross sections, one need only 

2 Burnside, W. D., Analysis of On-Aircraft Antenna Patterns, Ohio 
State University, August 1972. 

3 
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I 
CX) 

.. 

FLAT PLATES 

Q 

INFINITE CYLINDER OF 
CIRCULAR OR ELLIPTIC 
CROSS -SECTION 

CX) 

I 

Figure 1. Basic aircraft configuration for analysis. 
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ANTENNA LOCATION
 

Figure 2. Boeing-727 front view. 

x 

ANTEN NA LOCATION 

----1~~ tY 

Figure 3. Model representation of Boeing-727 in the 
roll plane. 
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specify the radius (af ). The program automatically completes the 

fuselage by extending tangential surfaces from the semi-minor 
axes to the wings, as illustrated in Figure 3. 

The wings are introduced into the program by indicating the 
number of wings and the number of edges per wing. These, in turn 
are defined in 3-dimensional Cartesian coordinates. 

The numbering of wings and their respective corners proceeds 
as follows: 

Wing #1 - wing closest to the nose on the positive side 
of the Y-axis 

Wing #2 - going counter-clockwise from wing #1 - is the 
horizontal stabilizer on the positive side of the Y axis 

Wing #3 - continuing counter-clockwise around the tail 
and onto the horizontal stabilizer on the negative side of the 
Y axis 

Wing #4 - wing closest to the nose on the negative side 
of the Y axis. 

If the antenna is located forward in the vicinity of the main 
wings, it was found that the horizontal stabilizers may be omitted 
from the definition of the aircraft, since their contribution 
would be minimal in the generation of the overall pattern. As 
programmed, the corners of each wing are numbered in a counter
clockwise direction starting on the positive side, of the Y axis 
at the forward corner and on the negative side of the Y axis 
starting in the aftmost corner adjacent to the fuselage (Figure 4). 

IMAGINARY CORNER 

5 3 

Figure 4. Wing corner designations. 

6 
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The wing can be treated as a flat plate; i.e., all corners 
lying in the same plane (X-coordinate = constant), or it can 
have a bend (as in the case of the F-4H). The bent wing is entered 
as a flat plate, defining all the corners in the same plane. The 
axis of bend is then established by giving the numbers of the 
corners about which the wing is bent and the angle of bend between 
the wings (Figure 5). A flat plate (not bent) wing is identified 
by a 1800 angle of bend. 

AXIS OF 
BEND 

'\. / 

'\.~ w/ 
'\. /

'\./ 

ANGLE OF BEND 

Figure 5. Bent-wing designations. 

If more than two wings are modeled, the number of edges per 
wing should be consistent. If one pair of wings has five corners 
per wing and another pair has, say, four corners, then an imaginary 
5th corner should be created for the second pair (Figure 4). 

Wing corners along the fuselage should have the V-coordinate 
values of the bf semi-minor axis of the fuselage. As previously 

mentioned, the program automatically completes the fuselage by 
extending tangential surfaces from the semi-minor axes to the 
wings. The X-component can be anywhere within the limits of the 
af dimension of the fuselage (Figure 6). 

7 
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POSSIBLE LOCATIONS OF WING 
JUNCTION WITH FUSELAGE 

Figure 6. Wing-fuselage junction. 

ANTENNAS 

Three types of infinitesimal radiating sources are considered 
in this analysis: monopole, and axial and circumferential slots. 
The solutions allow for an arbitrary antenna to be considered, 
using a method of numerical aperture integration. Thus, many 
physical antennas can be approximated by anyone, or a combina
tion, of the three basic types. Small-diameter annular slots 
on the fuselage (used as ATCRBS transponder antennas in this 
analysis) have essentially the same radiation pattern as that 
of a monopole antenna mounted on an ideal ground plane.3 

Infinitesimal Sources 

Monopole and slot antenna configurations are represented by 
their amplitude (WM) and phase (wP) distributions (tapers). A 

3Jasik, H., Antenna Engineering Handbook, McGraw Hill, New York. 
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single-element antenna representation would have an amplitude 
distribution of one and a phase of 0°. A slot antenna (axial or 
circumferential) is also identified by the angle (8) between the 
slot and the Z axis in a clockwise direction. Thus, a circum
ferential slot would have 8 = 90° and an axial slot would have 
B = 0°. Other angular configurations for 8 are also acceptable 
(Figure 7). 

~=900 ~=Oo 13= 45
0 

Z.... - - - - -~ --'1- ,
FUSELAGE 

'\OT\ 
Figure 7. Slot antenna identification. 

Varied Aperture Antennas and Arrays 

Any antenna type can be represented by its aperture distribu
tion. An open-ended waveguide antenna or a slot of any width in 
terms of A, for example, can be approximated by stacking infin
itesimal slots side-by-side to effect a desired aperture configura
tion and distribution. An array of up to six infinitesimal monopole 
elements can be utilized to represent an antenna configuration 
(analogous to a phased array). This can be done axially or circum
ferentially along the fuselage of the aircraft. Figure 8a,for 

9 
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DISTANCE (IN) 

(a) 

-
~ 
a: 
o 
z 

z 
cs: 
C) 

, ..... 
~ , 

I \ 

(b) 

MAIN-SEAM-GAl N 
MONOPOLE,
" 

DISTANCE (IN.) 

1\
 

(c) 

PHASE ADJUSTME NT 
NECESSARY TO ACCOUNT 
FOR CURVATURE 

( d) 

Figure 8. Representation of antenna aperture gain distribution. 
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example, shows an arbitrary aperture distribution for an antenna 
to be analyzed. A 5-monopole array arranged axially along the 
fuselage is scaled, giving the main beam gain monopole an amplitude 
distribution (WM) value of 1 and phase distribution (WP) of 0°. 
The remaining elements are then normalized in terms of WM. WP 
is equal to zero for all the elements since there is no phase 
shift between them; thus yielding a best-fit curve, Figure 8b, 
resembling Figure 8a. The main beam dominant monopole, as well 
as the other elements of the array, can be steered by the phase 
angle (WP) in any direction to give any desired distribution, as 
for example in Figure Be. This is done by assigning appropriate 
values, other than zero, for WP: 

In a circumferentially arranged array (Figure 8d), the WP 
values of all elements must also be scaled, in addition to the 
WM values, to effect the non-linear arrangement of elements. 
This array can also be steered by making additional adjustments 
to the amplitude and phase to produce the desired effect. 

Antenna locations are restricted to the regions on the 
periphery of the fuselage. However, the model accommodates a 
wide variety of aircraft structures, and any single antenna can 
be represented accurately because of the logical relationships 
among aperture distribution, aircraft shape, and antenna pattern. 

Antenna Frequency Considerations 

Various scattering bodies should be no closer than approxi
mately a wavelength away from the source, and the overall aircraft 
must be large in terms of the wavelength. This sets the lower 
frequency limit of the model. The upper frequency limit is dic
tated by the model representation of the actual aircraft considered. 

Thus, for typical aircraft dimensions, there is no upper 
frequency restriction. The higher the frequency, the more accurate 
the pattern. Above 1 GHz (A ~ 1 ft.), accurate antenna patterns 
can be obtained. At frequencies where A approaches the dimensions 
of the aircraft (for 100 MHz A ~ 10 feet, for 10 MHz A ~ 100 feet, 
etc.), the solutions become less accurate. 

;- Antenna Location 

The model assumes a totally reflecting (metallic) surface, 
and the antenna should be mounted Within A/4 of the fuselage sur
face. Location of the antenna can be anywhere along the periphery 
of the fuselage .. In the X-Y plane its location is designated by 
the angle ~SO' which is the angle from the +X-axis in the XY 

plane. ~SO cannot exceed 90° (Figure 9). If the antenna is 

FAA WJH Technical Center 
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x 

... 

( a ) 

x 

(b) 

x 

1#150 

(c ) 

Ioc::::._+--...... v 

Figure 9. X-Y plane antenna orientation. 
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located on the belly of the aircraft as in Figure 9b, the air
craft must be rotated by 180°' to the configuration of Figure 9c 
for analysis, where the angular limit imposed on ~SO is satisfied. 

It must be remembered, however, that the resulting pattern will 
thus be reversed by 180°. Antenna location along the length of 
the fuselage is denoted by the Cartesian-coordinate distance along 
the Z axis from an arbitrary orig~n. 

". 
Usually it is convenient to locate the antenna such that it 

is always displaced from the origin of the coordinate system by 
the dimension a (Figure 10). Thus, the origin of the aircraft.. f 
is at (0, 0, 0) and the antenna is located at (af , 0, 0). 

-Y 
WING #4 

·z 

,y 

(X2,Y2 ,22) 

(0,0,0) ORIGIN OF THE 
COORDINATE SYSTEM 

-z 

-x 

Figure 10. Antenna and flat-plate wing designations. 

PATTERN DEVELOPMENT 

An antenna pattern is a mathematical representation of the 
electric field strength surrounding a radiating source. The 

electric field vector (E) in space is represented in terms of its 
two orthogonal components: 

13 
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where 

E~ = vertically polarized component of E 

E6 = horizontally polarized component of E. 

The model computes the radiation pattern of the antenna in 
terms of its two components. Two plots are provided, one for each 
principal plane pattern. The term principal plane will be used 
to describe the plane cutting through the antenna. One plot con
tains the vertically polarized component of E and is identified 
as the E-PHI (E-~) plot. The other contains the horizontally 
polarized component of E and is identified as the E-THETA (E-6) plot. 
The two plots together identify the E vector in totality. 

In the case of a.radial monopole, for example, the vertically 
polarized component will usually be dominant. In the roll plane 
it will be represented by the E-~ plot. The E-6 plot, in the 
same roll plane, will depict the horizontally polarized component. 

In the case of aircraft-mounted antennas, the aircraft struc
ture has a pronounced effect on the shape of the pattern of an 
otherwise omni-directional antenna. This is to be expected, since 
the protruding surfaces of the aircraft reflect and diffract the 
E vectors. With the source mounted on an infinitely long cylinder, 
it can easily be shown that the surface rays from the source propa
gate around the cylinder in helical paths (geodesics), which in 
turn diffract energy tangentially. This diffracted energy that 
leaves the cylindrical surface is either reflected or diffracted 
when it impinges on a wing. 

The total field is found by summing the directly radiated 
field and the scattered fields from the wings, using the super
position principle. For illustration, Figure 11 shows a point 
P in the far field of the antenna where a single total field 

vector (E) is depicted in terms of its vertically polarized (per
pendicular) component (E-~) and its horizontally polarized (parallel) 
component (E-6). 

The model will generate antenna patterns with respect to 
three different orientations: roll plane, elevation plane (pitch), 
and azimuth plane (yaw). The elevation plane and azimuth plane 

14
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configurations are obtained by shifting the roll plane orthog
onally so that, in generating the antenna patterns, the air 
craft is rotated about its roll, pitch or yaw axis, as appro
priate. Therefore, the roll plane is used as the reference 
plane throughout this report. 

x 

E-4> 
... 

.....------.E 

+------ht..E::::::;~:;.c===F=:r-:t_-.......::...__;r_-y 

Figure 11. E-vector representation in the roll plane. 

Roll-Plane Orientation 

The roll-plane orientation is established by designating the 
axis through the fuselage as the Z axis (nose to tail). The axis 
through the wings is the Y axis and the X axis is mutually perpen
dicular to the Y and Z axis (see Figure 11). With this convention 

~	 established, the antenna pattern will be developed by rotating the 
aircraft about the Z axis (the axis of rotation). As the aircraft 
is revolved through 360°, the pattern will be traced in the princi
pal plane (in this case the roll plane). The angular excursion 
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in the X-V plane is designated as ,. The angular excursion from 
the Z axis (axis of rotation) in the direction o·f the X-V plane 
(roll plane) is designated as 6. 

For program execution, the following criteria identify the
 
roll plane:
 

8 = 0° ~ = 0°c ' ~c 

where 

8 and ~c = the rotation angles of the axis of pattern rotation.
C 

This implies that the roll plane cross section of the aircraft 
will be in the plane of pattern development (X-Y plane) and that 
this plane will be revolved about the Z-axis. 

To vary the location of the pattern cross section for a given 
orientation (see Figure 12), the angles 8 and ~ are varied. 8 is 
the angle from the +2 axis toward the X-V plane and , is the angle 
from the +X axis in the direction of the +Y axis. If the princi
pal-plane pattern is desired then 6 is maintained at constant 90° 
while ~ is incremented in discrete steps through 360°, as in a 
of Figure 12. If a roll-plane pattern is desired other than the 
principal plane, then values of 8 between 0° and 90° determine 
the location of the cut parallel to the principal plane. The 
smaller the ang~e 6 the further is the cut from the principal 
plane, as in e of Figure 12. As 6 approaches 90°, the cross section 
location gets closer to the antenna, and thus closer to the princi
pal plane. This is illustrated by b in Figure 12. 

In implementing the steps of the preceding paragraph to gen
erate these laminate cuts parallel to the principal plane, certain 
contraints on , and 8 should be understood. The angle, always 
cycles through 360° in equal increments of one degree or greater. 
The smoothest plot one can expect from the model would contain 
360 data points spaced at 1° increments. Thus, the accuracy of 
the plot can be controlled by specifying the desired angular 

. separation between successive calculations. The angle 8, if 
allowed to remain constant (8, 't' 1 = 6f , 1)' will generate a1n1 1a 1na 
laminate of the solid 3-dimensional pattern parallel to the princi
pal plane. If 6 is allowed to vary from 0° to 180°, in equal 
increments while, goes through its 360° cycle, a solid 3-dimen
sional pattern may be constructed. 

16 
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x 

.. 

It::'-.:::::=----"\.------''---.L.--+y 
9i =90~9f 

9j =700 =9f 

9j = 8 INITIAL 

8f = 9 FINAL 

z 

Figure 12.	 Development of patterns parallel to the 
principal plane . 

.. 
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Elevation and Azimuth Plane Analyses 

The program was originally written to do the roll-plane anal
ysis. Elevation and azimuth plane analyses are accomplished in 
the same manner as the roll plane, provided that the spherical 
coordinate system is rotated accordingly. Figure l3a shows the 
coordinate system oriented for a ~oll-plane analysis. For an 
elevation plane analysis, the axes are rotated so that </>c == 90° 

and 8 = 90° (Figure l3b). The operation </> = 90° implies that c c 
the X-axis is rotated 90° (in the X-Y plane) and is interchanged .. 
with the Y-axis. The operation 8 = 90° implies that the Z-axis c 
is rotated 90° and is interchanged with the new X-axis. 

The starting position for axis transformation is always the 
roll plane (i.e., 8 = 0°, </> = 0°). For axis rotation into the c c 
azimuth plane, for which the criteria are </>c = 0° and 8 = 90°c
 
(see Figure l3c), </> is kept at 0° and by making 8 = 90°, the
 c c 
X and Z axis are interchanged. Note that in all three cases 
(roll, elevation, and azimuth) the pattern is developed in the 
X-Y plane, and the aircraft is revolved about the Z-axis. 

In the course of axis transformation, note that vertical 
polarization is represented by the E-8 plot and horizontal polar
ization by the E-</> plot, in the azimuth plane. Note. also that 
the elevation plane transformation preserves the polarization 
convention of the roll plane; Le., E-</> plot depicting the vertical 
polarization and E-8 depicting the horizontal polarization. . 

Other than the axis transformation, everything that applies 
to the roll-plane evaluation also applies to the elevation and 
the azimuth planes. 

In the elevation plane, the fuselage is the most dominant 
structure. Because of limitations imposed by the infinite cylinder 
concept, an E vector generated on the fuselage and parallel to 
the fuselage axis would propagate to infinity without reflecting 
or diffracting. This causes difficulties in program execution. 
In running the program in the elevation plane, it is recommended 
that angles 90°, 90° and 270° be avoided in implementing 8. ·t· l' 

~n~ ~a 

8f · l' and 8. . Replacing them by 89°, 89° and 269° will 
~na ~nc 

result in successful execution. 
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x 

VERTICAL POLARIZ· 
E- 1#1 

HORIZONTAL POLARIZ· 
E-8 

y 

... (a) 
PLANE 

l#Ie = 0° 

ROLL 

8e =0° 

Z 

Y 

VERTiCAL POLARIZ·
 
E-I#I
 

HORIZONTAL POLAR IZ ..
 
8E-8 

Z 

PLANE
(b) 

( RELATIVE TO ROLL PL.) 

X 

Z 

VERTICAL POLARIZ,
 
E-8
 

HORiZONTAL POLARIZ,
 
E-I#I
 

(e) 

X 

Figure 13.	 Orientation of coordinate system for roll, 
elevation, and azimuth plane analyses. 

ELEVATION 

8 =90° + =90°e e 

AZIMUTH PLANE 

8e =9c:f"'e =0° (RELATIVE TO ROLL PL.) 
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3-Dimensional Patterns 

Another interesting possibility exists. It is possible to 
generate a solid 3-dimensional pattern using only one plane (roll, 
elevation, or azimuth) as a vehicle. Note that by varying 
6 in equal increments, it is possible to generate "laminate" 
patterns parallel to the principal. 'roll plane as cp cycles through 
360° for each increment of 6. This operation can also be carried 
out in the elevation and azimuth planes. 

As for the single-plane patterns, the best resolution on a .. 
3-dimensional pattern that can be achieved is a matrix incremented 
every 1°. As 6. ·t· 1 = 0 goes to 6f · 1·= 180° in 6. = 1°lnl la lna lnc 
increments, a cp increment of one degree (CP. = 1°) will generatelnc 
parallel patterns of 360° coverage sampled every 1°. This pro
cedure completely describes a solid of revolution. 
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SECTION 3 

COMPUTER PROGRAM INPUTS AND OUTPUTS 

GENERAL 

The Ohio State University Antenna Pattern model has been 
compiled on the ECAC UNIVAC 1110 computer. Information is entered 
on standard 80-column automatic data processing cards whose formats 
are described in this section of this report • .. 

The program output is in tabular form on a high-speed printer, 
and data may also be produced on a magnetic tape for use on a pro
grammable X-V plotter (e.g., CALCOMP plotter). If the tape option 
is selected, the antenna patterns are automatically plotted in 
a polar form. 

INPUT DATA 

Nine types of data cards are required for program execution; 
under some conditions, several cards of a single type may be 
required. For example, as many as six cards (type 3) may be used 
to describe an array type antenna; and the wing description may 
require multiples of types 7 and 8. 

Formats for the .input data cards follow, and references to 
the appropriate pages in this report are included where necessary 
for further explanation. Control cards are not included because 
their format is a function of the type of computer available. 

Type 1 Card 

Page 
Item Description Format Columns Reference 

1 Number of wings to be considereda I 1 - 10 6 

2 Number of edges per wing I 11 - 20 6 

3 Frequency in GHz F.P. 21 30 11 

.. aIf more than 2 wings are being used (e.g., horizontal stabilizers),
 
the no. of edges per wing should be consistent for both sets of
 
wings.
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Type	 2 Card 

Page
 
Item Description Format Columns Reference
 

1	 X-dimension of fuselage (af ) (in. ) F.P. 1 - 10 7 

2	 Y-dimension of fuselage (bf ) (in. ) F.P. 11 - 20 7 

3	 Number of sourcesa I 21 - 30 9' \" 

aAn array can be constructed, consisting ofa maximum of 6 infini

tesimal elements, depicting any desired aperture distribution. Each
 
element of the array must be entered with a separate Type 3 card.
 
Thus a 6-element array would have six type 3 cards.
 

Type	 3 Card 

Page
 
Item Description Format Columns Reference
 

1	 Type of antenna, if slot = 1 I 1 - 10 8
 
Radial monopole = 2
 

2	 Angle slot with Z axisa (degrees) F.P. 11 - 20 9 

3	 Angular position of sourceb (deg) F.P. 21 - 30 11 

4	 Z-coordinate of sourcec (inches) F.P. 31 - 40 13 

5	 ~ F.P. 41 - 50 9 

6	 Wpe F.P. 51 - 60 9 

aAxial slot = 0°, Radial slot = 90°. 

bAngle not to exceed 90°. If angle is greater than 90° (sou~ce 
located on belly of aircraft), see discussion in Section 2. 

cGenerally origin of coordinate system is established on the fuse
lage axis (z axis) at the antenna source, in which case Z = O. 

dArnplitude distribution; for single infinitesimal source WM =1; 
for an array, can be scaled according to aperture distribution 
(see page 10) . 

ephase distribution; for single infinitesimal source WP = 0; for an 
array can be scaled to steer the main beam (see discussion). 
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Type 4 Card 

Page 
Item Description Format Columns Reference 

1	 5Additional write out desireda Field Data 
(T or F) 

2	 Pattern plotted by pen plotterb Field. Data 10 
(T or F) 

3	 Is flat plate consideredc Field Data 15 -7 
(T or F) 

aDump; for purposes of trouble shooting when program does not com
pute. 

bIf pictorial representation of pattern is desired; interface with 
plotter. 

c If wings	 are flat then = T, if wings are bent then = F. 

Type 5 Card 

Page 
Item Description Format Columns Reference 

1 Initial value of theta in degreesa I 1 - 5 . 15-20 

2 Final	 value of theta in degreesa I 6 - 10 15-20 

3 Incremental step in theta in degs. b I 11 - 15 15-20 

4 Incremental step in phi in degreesb I 16 - 20 15-20 

aConstraints on 6, while ~ goes through 360°, to generate conics 
and principal plane patterns. 

•	 bAngular increments in 6 and ~ at' which values of E field are 
desired. 
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Type 6	 Card 

Page 
Item Description Format Columns Reference 

1	 THC - rotation angle of the axis F.P. 1 - 10 15-20 
of rotation (degrees) .. 

2	 PHC - rotation angle of the axis F.P. 11 - 20 15-20
 
of pattern rotation (degrees)
 

3	 Blank 21 - 30 

THC PHC 

Elevation plane = 90° 90° 

Azimuth plane = 90° 0° 

Roll plane = 0° - 0° 

Type 7 Card 

Page 
Item Description Format Columns Reference 

1	 Number of first corner at benda I 1 - 10 7 

2	 Number of second corner at benda I 11 - 20 7 

3	 Angle of bendb F.P. 21 - 30 7 

aCorners of wing that define the axis of bend. For flat plate 
wing (i.e. no bend) use no. of edges per wing for both items 
on card. 

bPor flat plate wing angle of bend = 180°. Should be consistent 
with item 3, type 4 card. 

Note:	 Card 1, item 1 defines the number of wings to be considered. 
Each wing definition is introduced by a separate type 7 card. 
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Type 8 Card 
Page 

Item Description Format Columns Reference 

1 X F.P. 1 10 6-7 
~. 

2 y F.P. 11 - 20 6-7 

3 Z . F. P. 21 - 30 6-7 

Note:	 This card defines the Cartesian coordinates of each 
wing. Item 2 on Card 1 defined the number edges 
per wing. This number should be consistent with 
the number of type 8 cards per wing, i .. e., if there 
are 4 corners per wing then there should be 4 type 
8 cards defining each corner of the wing. Each 
additional wing (taken in proper counter-clockwise 
sequence) will be preceded by a new Type 7 and 
by a corresponding set of type 8 cards. 
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PROGRAM OUTPUT DESCRIPTION 

The antenna pattern model output is in two forms: a series 
of computer-printed tables, and a magnetic tape for use on an 
X-V plotter to draw the patterns in polar form. 

Computer Tabulations	 .. 
Examples of the computer listings are provided in APPENDIX A. 

The coordinate system presented in Figure 11 can be used as a .. 
reference during this discussion. 

Note that two APPENDIX A tabulations are associated with each 
pattern, the first captioned E-PHI and the second E-THETA. In the 
roll plane, for example, the E-PHI vector is that E-field vector 
normal to the principal plane, while the E-THETA vector is the 
E-field vector parallel to the principal plane. For antennas 
whose polarization is perpendicular to the principal plane, the 
E-PHI vector will dominate over most of the pattern. When the 
polarization is orthogonal, the E-THETA vector will dominate 
over most of the pattern. The reverse is true for the azimuth 
plane. 

The first line of the output, ROTATED COORDINATES, identifies 
the principal plane as roll, elevation, or azimuth: 

Principal Plane THC (6 ) PHC (tPc)c 

Roll	 0 0 

Elevation	 90 90 

Azimuth	 90 0 

The columnar headings in APPENDIX A are as follows: 

THETA:· The angle 6 (see Figures 11, 12, 13). 6 is 
always 90° when a principal plane plot is desired; 
other	 values may be chosen or it may be auto
matically incremented (Data Card 5). 

PHI:	 The angle tP (see Figures 11, 12, 13). tP will 
usually be incremented in discrete angles of 
not less than 1°, 0° to 360°, in which case the 
antenna pattern entirely around the aircraft will 
be computed and tabulated (Data Card 5). 
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E-PHI/PHASE:	 The magnitude and phase of the E-PHI vector at 
the designated angle (PHI) (on E-PHI listing 
only). 

E-THETA/PHASE: The magnitude and phase of the E-THETA vector 
.. (on the E-THETA listing only) . 

UNNORMALIZED:	 Magnitude of the E-PHI/E-THETA vector (IPLOT = 
1), in terms of the square of that value (IPLOT 
= 2), or in dB (IPLOT = 3). IPLOT values are 
specified on Type 9 cards. 

NORMALIZED:	 Magnitude of the E-PHI/E-THETA vector in numerical 
terms and decibels relative to the largest value 
of the vector. 

X-y Plot 

If the plot option was requested at the outset of the program 
(CARD 4) then the data will be formatted on a plotter tape. 
The plots consist of one polar coordinate grid for E-THETA and 
one for E-PHI. The size of the plot is governed by the dimensions 
of the paper available at the plotter utilized and is specified 
at input by: RADC = size in inches of desired plot. 

Sample Output 

Three sample computer tabulations of E-PHI and E-THETA are 
included in APPENDIX A for illustrative purposes. They are: 

Table BOEING 747 

A-I Roll	 Plane 

A-2 Elevation Plane 

A-3 Azimuth Plane 

Samples of the CALCOMP polar plots and accompanying input 
data cards are provided in APPENDIX B to this report, where meas
ured patterns from Lincoln Laboratories are compared to the OSUAP 

..	 output . 
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SECTION 4 

RESULTS 

GENERAL 

The Ohio State University Antenna Pattern model has been 
adapted for execution on the ECAC UNIVAC 1110 and the CALCOMP 
programmable X-V plotter. Plots were made for the antennas on 
board the Boeing 747, Boeing 727, Cessna ISO, and the F-4H air 
craft and are presented as APPENDIX B. The predicted patterns 
are plotted with solid lines. Where measured patterns are 
available, they are plotted with dotted lines in the same illus
tration for purposes of comparison. TABLE 1 summarizes the 
types of plots and their location in the report. Following each 
plot is a reproduction of the worksheet used to enter the data. 

TABLE 1 

LISTING OF FIGURES IN APPENDIX B 

.. .. 

Aircraft Plane of Pattern Figure Page 

Boeing-747 Roll B-1 64 

Boeing-747 Roll B-2 66 

Boeing-747 Roll B-3 68 

Boeing-747 Elevation B-4 70 

Boeing-747 Azimuth B-S 72 

Boeing-727 Roll B-6 74 

Boeing-727 Elevation B-7 76 

Boeing-727 Azimuth B-8 78 

Cessna-ISO Roll B-9 80 

Cessna-ISO Elevation B-lO 82 

Cessna-ISO Azimuth B-ll 84 

F-4H Roll (dB) B-12 86 

Roll (Field) B-13 87 

F-4H Elevation (dB) B-14 89 

Elevation (Field) B-15 90 

F-4H Azimuth (dB) B-16 92 

Azimuth (Field) B-17 93 

..
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Using the measured data as a baseline (where available). a
 
statistical analysis was performed. and each plot has been annotated
 
to show the mean error and standard deviation.
 

CONCLUSION 

It is concluded that: 

The Ohio State model will provide useful and accurate
 
antenna patterns within the limitations stated below:
 

a. The model does not provide pattern data fore 
and aft of the fuselage within volumes defined by 40° cones whose 
axes are coincident with the longitudinal fuselage axis 

b. The model does not account for pattern pertur
bations caused by: 

1) engine nacelles and fairings 
2) any part of the landing gear 
3) extended flaps 
4) the vertical stabilizer. 

c. Wings (or horizontal stabilizers) that do not
 
intersect with the fuselage cannot be modeled
 

d. The model will not provide antenna patterns for 
antennas that are not fuselage-mounted. 

RECOMMENDATION 

It is recommended that consideration be given to extending 
the model to compute the antenna patterns for the voids that 
presently exist fore and aft of the fuselage. 

.. 
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APPENDIX A
 

SAMPLE COMPUTER TABULATIONS
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'T:l 

TABLE A-2 s= 
I 
~ 

IBOEING 747 ELEVATION PLANE E-PHI AND E-THETA TABULATIONS 0 

--.J
(Page 1 of 10) --.J 

I ..... 
• •••••• • ••••••• ••••••• ••••••• •••••• • • N••••••• •••••• • ••••• ..... 

••••••• ---- •......• • •••••••• • • • • • • • • .. • • • • 

........ • • • • • • • • • •• 

ROTATED COORDINATES (THO = 90.00000 , PHO = 90.00000 ) 

UNNOR~ALIZED -NORMAL I ZED
THETA PHI E-PHI PHASE MAGNITUDE DB MAGNITUDE DB---..------ ---------- ----------------------- ---------

~ 
VI 89.00000 .00000 .00000 .00000 .00000 .00000 -600.00000 .ooo'ao -599.79790

89.00000 2.0CiOOO .00000 .00000 .00000 .00000 -600.00000 .00000 -599.79790 
89.00000 ... 00000 .00000 .00000 .oonoo .00000 -600.00000 .00000 -599.79790
89,00000 6.00000 .00000 .00000 .00000 .00000 -600.00000 .00000 -599.79790 
89·00000 8.00000 .00000 .00000 .00000 .00000 -600.00000 .00000 -599.79790 
89.00000 10.00000 .00000 .00000 .00000 .00000 -600.00000 .00000 -599.79790 
89.00000 12.00000 -.01168 .00201 170.22"21 .01186 -38.52137 .01213 -38.31928
89.00000 1... 00000 .00321 -.00802 -68.19812 .0086" - ..1.27006 .00884 -41.06797 
89.00000 16.00000 .00368 .00539 55.6..275 .00652 - ..3.'71096 .00668 -43.50888
89.00000 18.00000 -.00506 -.00018 -177.98"62 .00506 - ..5.91386 .00518 -45 • 711 '7'7 
89.00000 20.00000 .0026.. -.00302 - ..8.81781 .00"01 -"7.9270" .00.. 11 -47.72495 

89.00000 22.00000 .00037 .00322 83...0..77 • 0032" - ..9.785.... .00332 -49.58335 
89.00000 24.00000 -.00207 -.00167 -1"1.057"8 .00266 -51.51512 .00272 -51.31303 
89.00000 26.00000 .00220 -.00007 -1.9..70.. .00220 -53.13618 .00226 -52.93410 06'89.00000 28.00000 -.oon.. .00116 1..0.99063 .00185 -5".66438 .00189 -54.46230 'i:l
89.00000 30.00000 .000"8 -.001..9 -'71.99215 .00156 -56.112.. 1 .00160 -55.91033 (b 

89.00000 32.00000 .00025 .00131 79.35228 .00133 -57,"9066 .00137 -57.288S8 ::s 
p.89.00000 3... 00000 -.00065 -.0009" -12... 73127 .00115 -58.80783 .00117 -58.60575 .... 

89.00000 36.00000 .00080 .00058 35.99632 ,00099 -60.0'7127 .00102 -S9.86919 ><
89.00000 38.00000 -.00080 -.00032 -158.22997 .00086 -61.28733 .00088 -61.08524 ;J>89.00000 ..0.00000 .00073 .00017 12.81879 .00075 -62 ...6159 .00077 -62.25950 

89.00000 "2.00000 -.00065 -.00011 -170.63328 .00066 -63.5990" .00068 -63.39695 
89.00000 ..... 00000 .00057 .00012 11.63090 .00058 -6... 70421 .00060 -64.50212 
89.00000 ..6.00000 -.000"8 -.0001'7 -160.08331 .00051 -65.78998 .00053 -65.58789 
89.00000 "8.00000 .00037 .00026 3.....2015 .000..5 -66.85958 .000..6 -66.657..9 
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89.00000 
89.00000 
89.00000 
89.00000 
89.00000 
89.00000 

50.00000 
52.00000 
5... 00000 
56.00000 
58.00000 
60.00000 

-.00023 
.00005 
.000h 

-.00026 
.00023 

-.0000.. 

-.00033 
.00035 

-.00028 
.00011 
.00011 

-.00022 

-12... 75588 
82.57ClOI 

-63.39311 
157.50231 
25.1+3155 

-ClCl .....721 

.000..0 

.00036 

.00032 

.00028 

.00025 

.00022 

-67.90829 
-68.93998 
-69.95869 
-70.96856 
-71. 971113 
-72.98039 

.000..1 

.00037 

.00033 

.0002Cl 

.00026 

.00023 

-67.70621 
-68.73790 
-69.75661 
-70.766117 
-71.772011 
-72.77830 

'T.l 

~ 
I 

:;0 
0 
I 

'-J 

89.00000 
89.00000 
89.00000 
89.00000 
8~.00000 
89.00000 
89.00000 
89.00000 
89·00000 
89.00000 

62.00000 
6... 00000 
66.00000 
68.00000 
70.00000 
72.00000 
7... 00000 
76.00000 
78.00000 
80.00000 

-.00016 
.00015 
.00006 

-.00013 
-.0000.. 

.00009 

.00007 
-.00002 
-.00006 
-.00005 

.00012 

.00010 
-.00015 
-.0000" 

.00012 

.00005 
-.00006 
-.00008 
-.00002 

.00002 

1..3.01538 
32.96015 

-69'''8091 
-161+.185..8 

108.96028 
30.060"6 

-1+0.790"2 
-103.50729 
-158.01..97 

155.75209 

.00020 

.00018 

.00016 

.0001" 

.00012 

.00011 

.00009 

.00008 

.00007 

.00005 

-73.9929Cl 
-75.018..9 
-76.06..76 
-77.1"11+5 
-78.26066 
-79 ...3810 
-80.69..81 
-82.05998 
-83.57625 
-85.30958 

.00020 

.00018 

.00016 

.0001.. 

.00013 

.00011 

.00009 

.00008 

.00007 

.00006 

-73.79090 
-7Il.816..1 
-75.86268 
-76.93937 
-78.05857 
-79.23601 
-80.119272 
-81.85789 
-83.571116 
-85.107119 

'-J 
I 
~ 

N 
~ 

.j::o. 

.j::o. 

89.00000 
89.00000 
89.00000 
89.00000 
89.00000 
89.00000 
89.00000 
89.00000 
89.00000 
89.00000 

82.00000 
81+.00000 
86.00000 
88.00000 
90.00000 
92.00000 
91+.00000 
96.00000 
98.00000 

100.00000 

-.00002 
.00000 
.00001 
.00001 
.00000 

-.00001 
-.00001 
-.00000 

.00002 

.00005 

.0000" 

.00003 

.00002 

.00001 

.00000 
-.00001 
-.00002 
-.00003 
-.0000" 
-.00002 

117.8..919 
88.32183 
67.20552 
5".52557 
50.29723 

-125 ...7....2 
-112.79....6 
-91.67817 
-62.15080 . 
-2... 21+7Cl5 

.0000" 

.00003 

.00002 

.00001 

.00000 

.00001 

.00002 

.00003 

.0000" 

.{l0005 

-87.36995 
-89.96352 
-93.55301 
-99.61397 

-191.29880 
-99.61....3 
-93.51532" 
-89.9637.. 
-87.37006 
-85.30968 

.0000" 

.00003 

.00002 

.00001 

.00000 
•00001 
.00002 
.00003 
.000011 
.00006 

-87.16787 
-89.761113 
-93.35093 
-99.'1189 

-1.1.09671 
-99...123.. 
-93~55lt5 
-89.76165 
-8'.16798 
-85.1Cl75. 

89.00000 
89.00000 
89.00000 
89.00000 
89.00000 
89,00000 
89.00000 
89.00000 
89.00000 
89.00000 

102.00000 
10... 00000 
106.00000 
108.00000 
110.00000 
112.00000 
11... 00000 
116.00000 
118.00000 
120.00000 

.00006 

.00002 
-.00007 
-.00009 

.0000.. 

.00013 
-.00006 
-.00015 

.0001.. 
-.00005 

.00002 

.00008 

.00006 
-.00005 
-.00012 

.0000" 

.00015 
-.00010 
-.00026 

.00010 

21.98508 
76 ...9272 

139.20958 
-1..9. 93Cl..7 

-71.03Cl75 
15.811+66 

110.51908 
-11+7.03Cl73 

-62.26Cl05 
116.61832 

.00007 

.00008 

.00009 

.00011 

.00012 

.0001" 

.00016 

.00018 

.00029 

.00011 

-83.57636 
-82.0600.. 
-80.69..86 
-79 ...3817 
-78.26073 
-77.1..152 
-76.061180 
-75.01853 
-70.73792 
-79 ...1702 

.00007 

.00008 

.00009 

.00011 

.00013 

.0001.. 

.00016 

.00018 

.00030 

.00011 

-83.371127 
-81.8579S 
-80.119278 
-79.23608 
-78.058611 
-76.939113 
-75.86271 
-7Il.8161l11 
-70.5358" 
-79.2111" 

~ 
89.00000 
89.00100 
...0...0 
89.0".0................ 
.......0 
.9...................... 

122.00000 
12... 00000 
126.00000 
128.00000 
130.00000 
132.00000 
13... 00000 
136.00000 
us. 00000 
1..0.00000 

-.00027 
.00026 

-.0001.. 
-.00005 

.00023 
-.00037 

.000"8 
-.00057 

.00065 
-.00073 

-.00027 
-.00011 

.00028 
.-.00035 

.00033 
-.00026 

.00017 
-.00012 

.00011 
-.00017 

-135.10298 
-22 ...97..7 
116.60698 
-97 ...2091 
55.2....10 

-1 ..5.57Cl87 
19.9167.. 

-168.36900 
9.36692 

-167.18101 

.00038 

.00028 

.00032 

.00036 

.000..0 

.000..5 

.00051 

.00058 

.00066 

.00075 

-68 ...1779 
-70.96859 
-69.95871 
-68.9"002 
-67.90833 
-66.85961 
-65.79000 
-61+.70U" 
-63.5990.. 
-62...6161 . 

.00039 

.00029 

.00033 

.00037 

.00041 

.000116 

.00053 

.00060 

.00068 

.00077 

-68.21570 
-70.76650 
-69.75662 
-68.737.3 
-67.'1062" 
-M••S'S3 
-615.51792 
-6...50216 
-63.39696 
-62.25952 

"d 
(I) 
::l 
t:lo..... 
>< 
> 

'{,- \~ 
"'01 ;\i 
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89.00000 
89.00000 
89.00000 
89.00000 
89.00000 
89.00000 

1..2.00000 
1..... 00000 
1..6.00000 
1"8.00000 
150.00000 
152.00000 

.00080 
-.00080 

.00065 
-.00025 
-.000"8 

.001.... 

.00032 
-.00058 

.0009" 
-.00131 

.001..9 
-.OOlH. 

21.76995 
-11~".00358 

55.26882 
-100.6..762 

108.00785 
-39.00921 

.00086 

.00099 

.00115 

.00133 

.00156 

.00185 

-61.28736 
-60.07129 
-58.80786 
-57 ...9069 
-56.112..3 
-54.66.... 1 

.00088 

.00102 

.00117 

.00137 

.00160 

.00189 

-61.08527 
..59.66920 
-58.60578 
-57.28860 
-55.91034 
-5... 46232 

'TJ 

$: 
I 
~ 
0 
I 

-..J 
89.00000 
89.00000 
89.00000 
89.00000 

15... 00000 
156.00000 
158.00000 
160.00000 

-.00220 
.00207 

-.00037 
-.0026.. 

.00007 

.00167 
-.00322 

.00302 

178.05301 
38.9..283 

-96.59525 
131.18208 

.00220 

.00266 

.0032" 

.00"01 

-53.13620 
-51.51515 
- ..9.785..6 
- ..7.92706 

.00226 

.00272 

.00332 

.00"11 

-52.934 11 
-51.3130'1 
-49·58337 
-47.72497 

-..J 
I 

I-' 
N 
I-' 

89.00000 162.00000 .00506 .00018 2.015"8 .00506 -45.91388 .00518 -45.71179 
89.00000 
89.00000 
89.00000 
89.00000 
89.00000 

164.00000 
166.00000 
168.00000 
170.00000 
172.00000 

-.00368 
-.00321 

.01168 

.00000 

.00000 

-.00538 
.00802 

-.00201 
.00000 
.00000 

-12... 35739 
111.80153 
-9.7760" 

.00000 

.00000 

.00652 

.0086" 

.01186 

.00000 

.00000 

-43.71100 
-41.27008 
-38.521.. 0 

-600.00000 
-600.00000 

.00668 

.0088" 

.01213 

.00000 

.00000 

- ..3.50891 
- ..1.06799 
-38.31931 

-599.79790 
-599.79790 

89.00000 
89·00000 
89.00000 
89.00000 

174.00000 
176.00000 
178.00000 
180.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

-600.00000 
-600.00000 
-600.00000 
-600.00000 

.00000 

.00000 

.00000 

.00000 

-599.79790 
-599.79790 
-599.79790 
-599.797~0 

-Po 
VI 

89.00000 
89.00000 
89.00000 
89.00000 
89.00000 
89.00000 
89.00000 
89.00000 
89.00000 
89.00000 

182.00000 
18... 00000 
186.00000 
188.00000 
190.00000 
192.00000 
19... 00000 
196.00000 
198.00000 
200.00000 

.00000 

.00000 

.00000 

.00000 

.00000 
-.02652 

.329"8 
-.61206 

.83044 
-.93..11 

.00000 

.00000 

.00000 

.00000 

.00000 
-.9766" 

.91188 
-.7"0"5 

...6250 
-.098..6 

.00000 

.00000 

.00000 

.00000 

.00000 
-91.55560 

70.13427 
-129.57726 

29.11"73 
-173.98308 

.00000 

.00000 

.00000 

.00000 

.00000 

.97700 

.96958 

.96067 

.95055 

.93928 

-600.00000 
-600.00000 
-600.00000 
-600.0000t) 
-600.00000 

-.20209 
-.26831 
-.34855 
-.4"051 
-.5....09 

.00000 

.00000 

.00000', 

.00000 

.00000 
1.00000 

.992..0 

.98328 

.97292 

.96139 

-599.79790 
-599.79790 
-599.79790 
-599.79790 
-5CJ9.79790 

.00000 
-.06623 
-.146..6 
-.23"":'1 
-.34201 

89.00000 
89.00000 
89.00000 
89.00000 
89.00000 
89·00000 
89.00000 
89.00000 
89.00000 
89.00000 

202.00000 
20... 00000 
206.00000 
208.00000 
210.00000 
212.00000 
21 ... 00000 
216.00000 
218.00000 
220.00000 

.87602 
-.63083 

.21867 

.27365 
-.69080 

.84785 
-.62073 

.06238 

.53786 
-.76..01 

-.30270 
.66038 

~.87155 
.83927 

-.52203 
-.01009 

.5..937 
-.80651 

.57578 

.05"60 

-19.06208 
133.68920 
-75.91552 
71~9"075 

-142.92227 
-.68150 

138'''8999 
-85.5774.. 

..6.95036 
175.91226 

.9268" 

.91326 

.89856 

.88275 

.86586 

.8"791 

.82892 

.80891 

.78792 

.76596 

-.65986 
-.78808 
-.92905 

-1.08321 
-1.25101 
-1."3299 
-1.62975 
-1.8"195 
-2.07038 
-2.31589 

.9..866 

.93..76 

.91971 

.90353 

.8862" 

.86787 

.84843 

.82795 

.806..6 

.78399 

-.45777 
-.58599 
-.72697 
-.88112 

-1.0..893 
-1.23091 
-1.42766 
-1.63C1l\7 
-1.8M29 
-2.11381 

~ 
"0 
(tl 

~ 
P. 
~. 

>< 
89.00000 
89.00000 
89.00000 
89.00000 
89.00000 
89.00000 
89.00000 
89.00000 

222.00000 
22... 00000 
226.00000 
228.00000 
230.00000 
232.00000 
234.00000 
236.00000 

.38....2 
• 33200 

-.69..66 
.26173 
."7848 

-.51235 
-.23727 

.52990 

-.63599 
.6381.. 
.00178 

-.61582 
."2923 
.34137 

-.53777 
-.17860 

-58.8..909 
62.51383 

179.85328 
-66.97395 

"1.89440 
1..6.32564 

-113.80748 
"18.62639 

.7431" 

.71934 

.69466 

.66913 

.6"279 

.61566 

.58779 

.55919 

-2.57853 
-2.86132 
-3.16457 
-3.48978 
-3.83865 
-4.21316 
..4.61563 
-5.0"877 

.7606" 

.73627 

.71101 

.68"88 

.65792 

.63015 

.60162 

.57236 

-2.37644 
-2.65923 
-2.9624C1 
-3.28770 
-3.63656 
-4.01107 
-4.41354 
-".84668 

> 
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89.00000 
89.00000 

236.00000 
2"0.00000 

.16593 
-'''6091 

.50311 

.19372 
71.74722 

157.20255 
.52976 
...9996 

-5.51839 
-6.02121 

.54223 

.51173 
-5.31630 
-5.81913 

"Tj 

~ 
89.00000 
89.00000 
89.00000 
89.00000 
89.00000 
89.00000 
89.00000 
89.00000 
89.00000 
89.00000 

2"2.00000 
2..... 00000 
2"6.00000 
2..8.00000 
250.00000 
252.00000 
25... 00000 
256.00000 
258.00000 
260.00000 

-.25115 
.29901 
.37..02 
.01323 

-.28828 
-.28757 
-.09..33 

.09..28 

.1805" 

.17355 

-.39681 
-.32057 

.15982 

.37437 

.1840" 
-.11311 
-.25899 
-.2227Q 
-.10312 

.00585 

-122.33134 
-46.99327 

23.13719 
87.97634 

147 ...449.. 
-158.529..0 
-110.01233 
-67.06317 
-29.73411 

1.92933 

.46961 

...3837 

.4067.. 

.37"61 

.34202 

.30902 

.2756" 

.24192 

.20791 

.17365 

-6.56525 
-7.16316 
-7.81373 
-8.528..9 
-9.31897 

-10.20035 
-11.1932" 
-12.32649 
-13.6"242 
~15.20659 

...8066 

.....869 

...1631 

.383..2 

.35007 

.31629 

.28213 

.24762 

.21281 

.17774 

-6.36316 
-6.96107 
-7.61165 
-8.32640 
-9.11688 
-9.99827 

-10.99115 
-12.12441 
-13.44033 
-15.00451 

::0 
0 
I 

-..:J 
-.J 
I .... 

N .... 

~ 
()\ 

89.00000 
89.00000 
89.00000 
89.00000 
89.00000 
89.00000 
89.00000 
89.00000 
89.00000 
89.00000 

89.00000 
89.00000 
89.00000 
89.00000 
89.00000 
89.00000 
89.00000 
89.00000 
89.00000 
89.00000 

262.00000 
264.00000 
266.00000 
268.00000 
270.00000 
272.00000 
27... 00000 
276.00000 
278.00000 
280.00000 

282.00000 
28... 00000 
286.00000 
288.00000 
290.00000 
292.00000 
29... 00000 
296.00000 
298.00000 
300.00000 

.12301 

.06979 

.03213 

.01121 

.00000 
-.01121 
-.03213 
-.06979 
-,12301 
-.17355 

-.1805.. 
-.09..28 

.09..33 

.28757 

.28828 
-.01323 
-.37..02 
-.29901 

.25107 
,"6100 

.06510 
.07782 
.06192 
.03305 
.00000 

-.03305 
-.06192 
-.07782 
-.06510 
-.00585 

.10312 

.22279 

.25899 

.11311 
-.1840" 
-.37"37 
-.15982 

.32057 

.39670 
-.19360 

27.88853 
48.11190 
62.5747.. 
71.25957 
74.15568 

-108.7"042 
-117 ...2525 
-131.8880.. 
-152.111..1 
-178.07056 

150.26605 
112.9370.. 
69.96783 
21 ...7076 

-32.55489 
-92.02355 

-156.S6259 
133.00700 
57.67050 

-22.78022 

.13917 

.10"53 

.06976 

.03"90 

.00000 

.03"90 

.06976 

.10"53 

.13917 

.17365 

.20791 

.2"192 

.27564 

.30902 

.3"202 

.37"61 

.40674 

.43837 

.469..7 

.50000 

-17.12889 
-19.61530 
-23.12830 
-29.1..361 

-169.38482 
-29.1"36" 
-23.12832 
-19.61531 
-17.12890 
-15.20660 

-13.6"2..2 
-12.32650 
-11.19324 
-10.20035 
-9.31897 
-8.528..9 
-7.8137.. 
-7.16316 
-6.56782 
-6.02060 

.1"2"5 

.10699 

.07140 

.03572 

.00000 

.03572 

.07140 

.10699 

.142..5 

.17774 

.21281 

.2..762 

.28213 

.31629 

.35007 

.38342 

...1631 

...4869 

.48052 

.51177 

-16.92680 
-19.413n 
-22.92621 
-28.9fJ152 

-169.18274 
-28.94155 
-22.92623 
-19.41323 
-16.92681 
-15.00"51 

-13.4403fJ 
-12.12441 
-10.99115 

-9.99827 
-9.11688 
-8.32641 
-7.61165 
-6.96108 
-6.36573 
-!h81851 

89.00000 
89.00000 
89.00000 
89.00000 
89.00000 
89.00000 
89.00000 
89.00000 
89.00000 
89.00000 

302.00000 
30... 00000 
306.00000 
306.00000 
:510.00000 
312.00000 
31... 00000 
316.00000 
318.00000 
320.00000 

-.1&593 
-.52990 

.23726 

.51236 
-."76"7 
-.26173 

.69466 
-.33199 
-.384"3 

.76401 

-.50327 
.17860 
.53777 

-.3"136 
-.42923 

.61582 
-.00177 
-.63815 

.6359'1 
-.05459 

-108.24708 
161.37394 

66.19290 
-33.67392 

-138.10518 
113.02fl38 

-.14fl36 
-117."8562 

121.15123 
-4.08728 

.52992 

.55919 

.58779 

.61566 

.64279 

.66913 

.69466 

.71934 

.743111 

.76596 

-5.51581 
-5.0"877 
-".61563 
-".21316 
-3.83865 
-3 ...8978 
-3.16..58 
-2.86132 
-2.57853 
-2.31589 

.54239 

.57236 

.60162 

.63015 

.65792 

.68..88 

.71101 

.73627 

.760611 

.78399 

-5.31372 
-4.84668 
-4.41354 
-4.01108 
-3.63657 
-3.28770 
-2.96249 
-2.65923 
-2.376115 
-2.11381 

~ 
't:l 
G::s 
Q. 
1-" 
>< 
> 

89.00000 
89.00000 
89.00000 
89.00000 

322.00000 
32... 00000 
326.00000 
328.00000 

-.53785 
-.06238 

.62073 
-.811785 

-.5757«1 
.80651 

-.511936 
.0100A 

-133.04917 
911.42281 

-"1.509511 
179.31'102 

.78792 

.80891 

.82892 

.84791 

-2·07038 
-1.8"195 
-1.62975 
-1.113299 

.806116 

.8279~ 

.84843 

.86787 

-1.86829 
-1.63«187 
-1'''2766 
-1.23091 

~ 



4 

'T.l 

$: 
I 
~ 
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--.J 
--.J 
I ..... 

N ..... 
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~ 
--.J 

'9.00000 
19.00000 
89.00000 
89.00000 
89.00000 
.9.00000 

330.00000 
332.00000 
33... 00000 
336.00000 
338.00000 
3..0.00000 

.69080 
-.27365 
-.21868 

.6308.. 
-.87602 

.93411 

.52203 
-.83927 

.87155 
-.66037 

.30269 

.098..6 

. 37.07831 
-108.0588.. 

10'h08518 
-_6.31023 
160.93830 

6.01737 

.86586 

.88275 

.89856 

.91326 

.9268' 
•9392' 

-1.25101 
-1.08321 

-.92905 
-.71808 
-.65986 
-.5"UO 

.88$2. 

.90353 

.91911 

.9341' 

.9"866. 

.96139 . 

-1.0.e'3 
- ••8112 
-.72697 
-~sa599 
-.451'77 
-.1'201 

89.00000 
89.00000 
89.00000 
.9.00000 
89.00000 
89.00000 
89.00000 
89.00000 
89.00000 
89.00000 

3..2.00000 
3..... 00000 
3..6.00000 
3"8.00000 
350.00000 
352.00000 
35... 00000 
356.00000 
358.00000 
360.00000 

-.830.... 
.61205 

-.329"7 
.02651 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 . 

-."6251 
.7"0"5 

-.91189 
.9766.. 
.00000 
.00000 
.00000 
.00000 
.00000 

.• 00000 

-150.88..69 
50 ...2317 

-109.86529 
88 .....504 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.95055 

.96067 

.96958 

.97700 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

- .....051 
-.3"855 
-.26831 
-.20209 

-600.00000 
-600.00000 
-600.00000 
-600.00000 
-600.00000 
-600.00000 

.97292 

.98328 

.992'0 
1.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

-.23843 
-.14"6 
-.06623 
-.00000 

-599.7,7'0 
-599.797'0 
-599.797'0 
-599.797'0 
-599.797'0 
-599.79790 

~ 
"C 

<D 
::l 
~ .... 
>< 
;I> 
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N• • • • • • • • • • • • • • • • • •• • ..... 
•••••• --- • ••••••• •••••• • • • •••••• • • • • •••••• •••••• • • • 

ROTATED COORDINATES (THO = 90.00000 , PHO = 90.00000 

UNNORMALIZED NORMALIZED
THETA PHI E-THETA PHASE MAGNITUDE DB MAGNITUDE os-.-.-.-.-- .-.-.-.-.- -.-.---.-.-.---.-.-.--- -.-----.-. ----.---.-.-.-----.-.-- --------.-.-----------. 

89.00000 .00000 .00000 .00000 .00000 .00000 -600.00000 .00000 -583.19099 
.p.. 89.00000 2.00000 .00000 .00000 .00000 .00000 -600.00000 .00000, -583.19099 
00 89.00000 .00000 .00000 .00000 -600.00000 .00000 -583.19099_.00000 .00000 

89.00000 6.00000 .00000 .00000 .00000.00000 .00000 -600.00000 -583.19099
89.00000 8.00000 .00000 .00000 .00000 .00000 -600.00000 .00000 -583.19099
89.00000 10.00000 .0.0000 .00000 .00000 .00000 -600.00000 .00000 -583.19099
89.00000 12.00000 -.1_230 .02_52 170.22_21 .1-"39 -16.80900 1.00000 .00000
89.00000 1_.00000 .0..58_ ·.11_60 -68.19813 .123_3 -18.17175 .85_80 -1.36275
89.00000 16.00000 .060"8 .088_8 55.6_275 .10717 -19.39816 .7IJ22_ -2.58916
89.00000 18.00000 -.09_18 -.00331 -177.9a_62 .09_2' -20.515'6 .65265 -3.706'6
89.00000 ao.ooooo .05513 -.06301 -'S.81780 .08373 -21.5"28' .5798" -'.7338' 

89.00000 22.00000 .00862 .07"5" 83 ...0..,7 .0750" -22 ...9..37 .51967 -5.68536
89.00000 2... 00000 -.05270 -.0-259 -1..1.057_8 .06776 -23.38058 ...6927 -6.57158
89.00000 a6.00000 .06156 -.00209 --1.9"'0.. .06159 -2'.20967 .'2655 -7.1J0067
89.00000 28.00000 -.0-376 .035..5 1'0.99062 .05631 -2'.98802 .38999 -8.17902
89.00000 30.00000 .01600 -.0-922 -71.99215 .05176 -25.72075 .35'" -8.91175 ~ 
89.00000 -32.00000 .00883 .0..697 79.35227 .0'180 -26 ...1200 .33102 -9.60300 "C 
89·00000 3".00000 ·.02526 -.036.... -12...73128 .0....33 -27.06521 .3070" -10.25621 

(J) 

89.00000 36.00000 .033"1 .02"27 35.99631 ·0-129 -27.68317 
:::t 

.28595 -10.87"17 P......'9.00000 38.00000 -.03585 -.01"32 -158.22998 .03860 -28.26826 .26732 -11.'5926
89·00000 '0.00000 .03531 ><.00803 12.81879 .03621 -28.822.... .25080 -12. o13IJIJ 

» 
89.00000 "2.00000 -.0336.. -.00555 -170.63329 .03IJ09 -29.3',..1 .23609 -12.53"189.00000 ..... 00000 .006..9 .03219 ·29.a....60 .22296.03153 11.63090 -13.03559
89·00000 ..6.00000 -.0286.. -.01038 -160.08331 .030.., -30.32385 .21099 -13.51IJ85
89.00000 ,a.ooooo .02383 .01633 3.....2013 .02889 ·30.785..6 .20007 -13. 976IJ6 

,
• 
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::089.00000 50.00000 -.01566 -.02257 -12".75589 .027..7 -31.22169 .19027 -1.....1260
 c:::J89.00000 52.00000 .00338 .02598 82.57899 .02620 -31.63332 .1111 ..6 -1".82"31 I
 
89.00000 5".~0000 .01122 -.022"0 -63.39311 .02506 -32.0210" .1735.. -15.21203 -...J
 

-...J89.00000
 56. '-0000 -.02220 • 00919 157.50231 .02"03 -32.385.... .166.. 1 -15.576.... I
89.00000 58.00000 .02086 .00992 25."3155 .02310 -32.72705 .15999 -15.91IHlS .....
 
89.00000 60.00000 -.00366 -.02197 -99.....721 .02227 -33.0"631 .15"22 -16.237~1 N
 ..... 

89.00000 62.00000 -.01719 .01295 1..3.01537 .02152 -33.3"360 .1"903 -16.53"60
 
89.00000 6... 00000 .017"9 .0113.. 32.9601" .02085 -33.61927 .1 .... 37 -16.81026
 
89.00000 66.00000 .00710 -.01896
 -69."8093 .02025 -33.87358 .1 .. 021 -17.06"511
 
89.00000 68.00000' -.01896 -.00537 -16... 185..9 .01971 -3".10680 .136..9 -17.297f\O
 
89.0000Q 70.00000 -.00625 .01819 108..96027 .01923 -3".3191" .13320 -17.5101'l
 
89.00000 72.00000
 .01628 .009..2 30.060.... .01881 -3... 51078 .13029 -17.701711
 
89.00000 7,+.00000 .01397 -.01205 - ..0.790..3 .018..5 -3... 68188 .12775 -17.87288
 
89.00000 76.00000 -.00..23 -.01763 -103.50729 .01813 -3".83256 .12555 -18.02356
 
89.00000 78.00000 -.01656 -.00669 -158.01..99 .01786 -3... 9629.. .12368 -18.1539:'\
 
89.00000 80.00000 -.01608 .0072.. 155.75207 .01763 -35.07313 .12212 -18.26"13
 

89.00000 82.00000 -.00815 .015..3 117.8..919 .017..5 -35.16318 .12086 -18.3541'1
 
89.00000 8... 00000 .00051 .01730 88.32182 .01731
 -35.23316 .11989 -11\."2"16

89.00000
 86.00000 .00667 .01587 67.20550 .01721 -35.28311 .11921 -18."7"11
89.00000 88.00000 .00995
 .01397 5... 52555 .01715 -35.31307 .1187.9 -18.50"07
.j::o 89.00000 90.00000 .0109.. .01318 50.29723 .01713 .1t1366
\D -35.32306 -18.51"05
8q.00OOO 92.00000 .00995 .01397
 5".52555 .01715 -35.31307 .11879 -18.50"07

89.00000 9... 00000 .00667 .01587 67.205'52 .01721 -35.28311 .11921 -18."7"11

89.00000 96.00000 .00051 .01730 88.32182 .01731 -35.23316 .11989 -18.42"16

89.00000 98.00000 -.DOS15 .015..3 117.8..919 .017..5 -35.16318 .12086
 -18.35"111

89.00000 100.00000 -.01608
 .0072" 155.75206 .01763 -35.07313 .12212 ' -18.26..n
 

89.00000 102.00000
 -.01656 -.00669 -158.01"93 .01786 -3...9629" .12368 -18.1539:'1

89.00000 10... 00000 -.00..23 -.01763 -103.50728 .01813 -3... 83256 .12555 -18.02356
 
89.00000 106.00000 .01397 -.01205 -"0.790"3 .018..5 -3...68188 .12775 -17.87281'1

89.00000 108.00000 .01628 .009"2 30.06051 .01881 -3".51078 .1302<) -17.7017fl
 
89.00000 110.00000 -.00625 .01819 108.9602.. .01923 -3... 3191 .. .13320 -17.5101..

89.00000
 112.00000 -.01896 -.00537 -16... 1853.. .01971 -3... 10681 .13649 -17.29781
 
89.00000 11... 00000 .00710 -.01896 -69."8093 .02025 -33.87358
 .1"021 -17.06"511 '
 
89.00000 116.00000 .017"9 .0113.. ~
32.96025 .02085 -33.61927 .1....37 -16.81027
 

"C89.00000 118.00000 -.01..57 .02771 117.73098 .03130 -30.08851 .2167B -13.27951
 CD89.00000 120.00000 .00..76 -.009"9 -63.38176 .01061
 -39 ...8291 .07350 -22.67:'191 ::l 
r;:l..o.... 

89.00000 122.00000 .02..65 .02"56 ..... 89700 ><
.03"79 -29.17071 .2.. 09" -12.3(171)

89.00000 12... 00000 -.02220 .00919 157.50252
 .02"03 -32.385.... .166.. 1 -15.576.... >
89.00000 126.00000
 .01122 -.022"0 -63.39302 .02506 -32.0210" .1735" -15.21203
 
89.00000 128.00000
 .00338 .02598 82.57909 .02620 -31.63332 .181..6 -1".82"32

89.00000 130.00000 -.01566 -.02257
 -12... 75590 .027..7 -31.22169 .19027 -14.U269
89.00000 132.00000 .02383 .01633 3.....2012
 .02889 -30.785..7 .20007 -13.976..7
 
89.00000 13... 00000 -.0286.. -.01038 -160.08326 .030..7
 -30.32385 .2109<) -13.51"85

89.00000 136.00000 .03153 .006..9 11.63100 .03219 -29.8....60
 .22296 -13.03560

89.00000 138.00000 -.0336.. -.00555 -170.63309 .03"09 -29.3..7..1 .23609 -12.538.. 1
 
89.00000 1..0.00000 .03531 .00803 ,12.81898 .03621 .25080
-28.822..5 -12.013..5
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89.00000 
89.0UOOO 
89.00000 
89.00000 
89.00000 
89.00000 
89.00000 
89.00000 
89.00000 
89.00000 

1..2.00000 
1..... 00000 
h6.00000 
1..8.00000 
150.00000 
152.00000 
15... 00000 
156.00000 
158.00000 
160.00000 

-.03585 
.033"1 

-.02526 
.00883 
.01600 

-.0..376 
.06156 

-.05270 
.00862 
.05513 

-.01..32 
.02"27 

-.036.... 
.0"697 

-.0"922 
.035..5 

-.00209 
-.0"259 

.07"5" 
-.06301 

-158.23006 
35.996..1 

-12".73118 
79.35238 

-71.99215 
1"0.99079 
-1.9..699 

-hl.05718 
83.40..7.. 

- ..8.81792 

.03860 

.0"129 

.0....33 

.0"780 

.05176 

.05631 

.06159 

.06776 

.0750" 

.08373 

-28.26826 
-27.68318 
-27.06522 
-26 ...1201 
-25.72075 
-2".98802 
-2... 20967 
-23.38059 
-22 ...9..37 
-21.5"28" 

.26732 

.28595 

.3070" 

.33102 

.358'" 

.38999 
••2655 
••6927 
.51967 
.5798" 

-11.'5926 
-10.87'U8 
-10.25622 

-9.60301 
-8.'1175 
-8.17902 
-7.'0067 
-6.57159 
-!h68537 
-..7338' 

'T.l 

~ 
I 
~ 
0 
I 

-...J 
-...J 
I ..... 

N ..... 

89.000UO 
89.00000 
89.00000 
89.00000 
89.00000 
89.0000U 
89.000UO 
89.00000 
89.00000 
89.000UO 

162.00000 
164.00000 
166.00000 
168.00000 
170.00000 
172.00000 
17... 00000 
176.00000 
178.00000 
180.00000 

-.09..18 
.060"8 
.0458.. 

-.1..230 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 

-.00331 
.088"8 

-.11"60 
.02..52 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 

-177.98..52 
55."260 

-68.198..7 
170.22396 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.09"2" 

.10717 

.123..3 

.1....39 

.00000 

.00000 

.00000 

.00000 

.-00000 

.00000 

-20.515..6 
-19.39817 
-18.17176 
-16.80901 

-600.00000 
-600.00000 
-600.00000 
-600.00000 
-600.00000 
-600.00000 

.6526" 

.7'22" 

.85'80 
1.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

-3.70"..6 
-2.58917 
-1.36276 
-.00001 

-583.1'099 
-583.1'099 
-583.1'099 
-583.190," 
-583.1909. 
-583.19099 

til 
0 

89.00000 
89.00000 
89.00000 
89.00000 
89.00000 
89.00000 
89.00000 
89.00000 
89.00000 
89.00000 

182.00000 
18... 00000 
186.00000 
186.00000 
190.00000 
192.00000 
194.00000 
196.00000 
198.00000 
200.00000 

.00000 

.00000 

.00000 

.00000 

.00000 
-.00010 

.001"3 
-.00306 

.00471 
-.00593 

.00000 

.00000 

.00000 

.00000 

.00000 
-.00362 

.00397 
-.00371 

.00262 
-.00063 

.00000 

.00000 

.00000 

.00000 

.00000 
-91.55559 

70.13..27 
-129.57727 

29.11..73 
-173.98308 

.00000 

.00000 

.00000 

.00000 

.00000 

.00362 

.00"22 

.00"81 

.00539 

.00597 

-600.00000 
-600.00000 
-600.00000 
-600.00000 
-600.00000 

- ..8.81550 
- ..7 ...9579 
- ..6.36152 
- ..5.36791 
- .......8570 

.00000 

.00000 

.00000 

.00000 

.00000 

.02510 

.02922 . 

.03329 

.03733 

.04132 

.-583.19099 
-583.1,0" 
-583.19099 
-583.1'099 
-583.1'099 

-32.00650 
-30.68679 
-29.55251 
-28.55891 
-27·67670 

89.0UOOU 
89.00000 
89.00000 
89.00000 
89.00000 
89.00000 
89.00000 
89.00000 
89.00000 
89.00000 

89.00000 
89.00000 
89.00000 
89.00000 
89.00000 
89.00000 
89.00000 
89.QOOOO 

202.00000 
20... 00000 
206.00000 
208.00000 
210.00000 
212.00000 
21... 00000 
216.00000 
218.00000 
220.00000 

222.00000 
22... 00000 
226.00000 
226.00000 
230.00000 
232.00000 
23... 00000 
236.00000 

.00618 
-.00490 

.00186 

.0025.. 
-.00696 

.00925 
-.00731 

.00079 

.00733 
-.OHI9 

.0060.. 

.00560 
-.01255 

.00507 

.00995 
-.011"5 
-.00570 

.01371 

-.00213 
.00513 

-.007..2 
.00779 

-.00526 
-.00011 

.006..7 
-.01023 

.00785 

.00080 

-.00999 
.01075 
.00003 

-.0119" 
.00893 
.00763 

-.01292 
-.O,a..62 

-19.06208 
133.68920 
-75.91552 

71.94075 
-1..2.92227 

-.68150 
138...8999 
-85.577'" 

..6.95036 
175.91226 

-58.8..909 
62.51383 

179.085328 
-66.97395 

..1.89....0 
1..6.32565 

-113.80748 
-18.6263. 

.0065" 

.00710 

.00765 

.00819 

.00872 

.00925 

.00976 

.01026 

.0107' 

.01122 

.01168 

.01212 

.01255 

.01297 

.01337 

.01375 

.01"12 

.01....7 

-"3.69"58 
- ..2.97933 
-..,.32832 
- ..1.73262 
- ..1.18513 
- ..0.68010 
- ..0.21289 
-39.77963 
-39.37709 
-39.00253 

-38.65268 
-38.327..8 
-38.02'21 
-37.741..3 
-37 ...7782 
-37.23225 
-37.0037' 
-36.791..1 

.04526 

.04915 

.05297 

.05673 

.060..2 

.06"04 

.06758 

.07103 

.07..40 

.01768 

.08088 

.08396 

.08694 

.08982 

.0'25' 

.095t' 

.09778 

.10020 

-26...558 
-16.17033 
-25.51932 
-'....2362 
-2••37612 
-13.87110 
-23.-0389 
-22••7063 
-12.5680' 
-22.1.353, 

-21 .....368 
-11.118'_ 
-21.a1511 
-aO.'.'3 
-to.H882 
-20••a325 
-20.1"" 
-1'.""1 

:g 
g 
P.... 
X 

> 

• 1I 
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89.00000 
89.00000 

89.00000 
89.00000 
89.00000 
89"00000 
89.00000 
89.00000 
89.00000 
89.00000 
89.00000 
89.00000 

238.00000 
240.00000 

242.00000 
244.00000 
2"6.00000 
2"8.00000 
250.00000 
252.00000 
25... 00000 
256.00000 
258.00000 
260.00000 

.00434 
-.00504 

-.01740 
.01070 
.01466 
.00057 

-.01382 
-.015"5 
-.00574 

.00660 

.01482 

.01718 

-.00106 
.01799 

-.02489 
-.01147 

.00626 

.01617 

.00882 
-.00608 
-.01576 
-.01560 
-.008..7 

.00058 

-13.69571 
105.64476 

-124.94763 
-46.99328 

23.13719 
87.9763.. 

1..7.44"9.. 
-158.52941 
-110.01233 

-67.06317 
-29.73411 

1.92933 

.00447 

.01868 

.03037 

.01569 

.01594 

.01618 

.01640 

.01660 

.01678 

.01693 

.01707 

.01719 

-47.00137 
-34.57298 

-30.35127 
-36.08969 
-35.94829 
-35.81958 
-35.70318 
-35.59877 
-35.50607 
-35."2'81 
-35.35,.81 
-35.29587 

.03093 

.12936 

.21032 

.10863 

.110'2 

.11207 

.11358 

.11"95 

.11618 

.11728 

.11823 

.11903 

-30.19237 
-17.76398 

-15.5,227 
-19.18069 
-19.13929 
-19.010S8 
-18.89'18 
-18.78977 
-18.it70'7 
' ..18.61581 
-18.5It581 
-18.'1687 

'Tl 

~ 
I 

::a 
t::l 
I 

--.J 
--.J 
I 

I-' 
N 
I-' 

89.00000 
89.00000 
89.00000 
89·00000 
89.00000 
'9.00000 
89.00000 
89.00000 
'9.00000 
89.00000 

262.00000 
26... 00000 
266.00000 
268.00000 
270.00000 
272.00000 
27... 00000 
276.00000 
278.00000 
280.00000 

.01528 

.01159 

.00802 

.00560 

.00476 

.00560 

.00802 

.01159 

.01528 

.01718 

.00808 

.01292 

.015"5 

.01652 

.01679 

.01652 

.01545 

.01292 

.0080A 

.00058 

27.88853 
'..8.11190 
62.57..7.. 
71.25957 
74.15568 
71.25957 
62.57..7.. 
48.11195 
27.88858 
1.929..4 

.01728 
~01736 
.01741 
.01744 
.01745 
.017.... 
.017..1 
.01736 
.01728 
.01719 

-35.2..78" 
-35.21061 
-35.18'08 
-35.16819 
-35.16290 
-35.16819 
-35.18..08 
-35.21061 
-35.2..78" 
-35.29587 

.11969 

.12020 

.12057 

.12079 

.12087 

.12079 

.12057· 

.12020 

.11969 

.11903 

-18.'388' 
-11.'0161 
-18.5'7508 
..18.35919 
-18.55390 
-18.55919 
-18.57508 
-11.'0161 
-18.'388' 
-18.'8687 

VI 
I-' 89.00000 

89.00000 
89.00000 
89.00000 
89.00000 
89.00000 
89.00000 
89.00000 
89.00000 
89.00000 

282.00000 
28... 00000 
286.00000 
288.00000 
290.00000 
292.00000 
29... 00000 
296.00000 
298.00000 
300.00000 

.01..82 

.00660 
-.0057.. 
-.0154.5 
-.01382 

.00057 

.01..66 

.01070 
-.0082.. 
-.0139.. 

-.008"7 
-.01560 
-.01576 
-.00608 

.00882 

.01617 

.00626 
-.011"7 
-.01302 

.00585 

-29.73395 
-67.06296 

-110.01217 . 
-158.5292.. 

147.....510 
87.976..5 
23.137..1 

- ..6.99300 
-122.329..9 

157.21978 

.01707 

.01693 

.01678 

.01660 

.016..0 

.01618 

.01594 

.01569 

.01541 

.01511 

-35.35..81 
-35 ...2482 
-35.50607 
-35.59877 
-35.70318 
-35.81958 
-35.94830 
-36.08970 
-36.2....20 
-36...1229 

.11823 

.11728 

.11618 . 

.11..95 

.11358 

.11207 
.• 110..2 
.10863 
.10672 
.10..67 

-18.5'581 
-18.61582 
-18.69707 
-18.71977 
-11.89'18 
-19.01058 
-19.13930 
-19.28069 
-19.'5520 
-19.60329 

89.00000 
89.00000 
89.00000 
89.00000 
89.00000 
89.00000 
89.00000 
89.00000 
89.00000 
89.00000 

302.00000 
30... 00000 
306.00000 
308.00000 
310.00000 
312.00000 
314.00000 
316.00000 
318.00000 
320.00000 

.00..63 

.01371 
-.00570 
-.011"5 

.00995 

.00507 
-.01255 

.00560 

.00604 
-.01119 

.01"06 
-.00462 
-.01292 

.00763 

.00893 
-.01194 

.00003 

.01076 
-.00999 

.00080 

71.75291 
-18.62606 

-113.80710 
146.32608 

41.89481 
-66.97362 
179.85364 

62.514311 
-58.84876 
175.91272 

.01"80 

.01447 

.01"12 

.01375 

.01337 

.01297 

.01255 

.01212 

.01168 

.01122 

-36.59..49 
-36.79142 
-37.00375 
-37.23226 
-37.47782 
-37.74143 
-38.02..23 
-38.32747 
-38.65269 
-39.00253 

.10250 

.10020 

.09778 

.09524 

.09259 

.08982 

.08694 

.08396 

.08088 

.07768 

-19.785-. 
-19.912'2 
-20.1.-7S 
-20.'2326 
-20.66882 
-20.95243 
-21.21522 
-21.518'7 
-21084369 
-22. 19353 

~ 
"0 

CD 
::l 
P. 
1-" 
>< 
> 

89.00000 
89.00000 
89.00000 
89.00000 

322.00000 
324.00000 
326.00000 
328.00000 

.00733 

.00079 
-.00731 

.00925 

.00785 
-.01023 

.00647 
-.00011 

46.95083 
-85.57719 
138.49046 

-.680911 

.01074 

.01026 

.00976 

.00925 

-39.37709 
-39.77964 
-40.21291 
-40.68012 

.07440 

.07103 

.06758 

.06404 

-22.56809 
-22.97064 
-23."0391 
-23·87112 



~ 
I 

~ 
I 

...... ...... 
I 
~ 
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~ 

TABLE A-2 
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til 
N 

•••••000 
.....000 
89.00000 
89.00000 
89.00000 
'9.00000 

330.00000 
332.00000 
331J.00OOO 
336.00000 
338.00000 
3_0.00000 

-.00696 
.0025.. 
.00186 

-.00490 
.00618 

-.00593 

-.00526 
.00779 

-.007"2 
.00513 

-.00213 
-.00063 

-142.92169 
71.9"116 

-7S.91481 
133.68977 
-19.06170 

-173.98263 

.00872 

.00819 

.00765 

.00710 

.0065" 

.00597 

-..1.18513 
-"1.7326" 
- ..2.32833 
- ..2.97932 
-43.69_58 
-_.....8569 

.06042 

.05673 

.05297 

.01t,15 

.0It526 

.0"132 

-21t.37613 
-21t.92365 
-15·51955 
-16.17052 
-16,"558 
-27.67669. 

89.00000 
89.00000 
89.00000 
89.00000 
89.00000 
89.00000 
89.00000 
89.00000 
89.00000 
89.00000 

3..2.00000 
3IJ".00000 
3IJ6.00000 
3..8.00000 
350.00000 
351.00000 
35... 00000 
356.00000 
358.00000 
360.00000 

.• 00471 
-.00306 

.00143 
-.00010 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00262 
-.00371 

.00397 
-.00362 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

29.11531 
-129.5768" 

70. 13lt70 
-91.55..95 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00539 

.00"81 

.00"22 

.00362 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

-45.36792 
- ..6.3615
- ..7...9583 
-..8.81553· 

-600.00000 
-600.00000 
-600.00000 
-600.00000 
-61)0.00000 
-600.00000 

.03733 

.03329 

.02922 

.02510 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 

-28._92 
-29. 55251t 
-50.N6e2 
-32.00655 

-583.19099 
-583.19099 
-sa5.19ft" 
-583.190" 
-583.19099 
-SIS. 19099 

~ 
"d 
<D 
::I p...... 
x 
> 

•
f 
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TABLE A-3 ~ 

I 

BOEING 747 AZIMUTH PLANE E-PHI AND E-THETA TABULATIONS El
I 

-..J(Page 1 of 10) -..J 
I 

...... 

......• • • • • • • • • • • • • • • •• •
N 

•••••• ---- ...... ••••••• • •••••• • • • • •••••• •••••• • • • 

ROTATED COORDINATES ITHO = .00000 , PHO = .00000 ) 

UNNORMALIZED NORMALJ7FDTHETA PHI E-PHJ PHASI; MAGNITUDE OR MAGNITLJnF Dfl 

90.00000 .00000c.n .00000 .00000 .00000 .00000 -600.00000 .00000 -~98.92838 
VI 90·00000 2.00000 -.01079 -.03319 -108.0166.. .03"90 -29.1"362 .039..8 -28.0720190.00000 ... 00000 -.03135 -.06232 -116.70278 .06976 -23.12831 .07892 -22.05(.70

90.00000 6.00000 -.06881 -.07869 -131.16787 .10"53 -19.61531 .1182~ -18.5"~70
90.00000 8.00000 -.12218 -.0666~ -151.39..30 .13917 -17.12889 .157..5 -16.05728
90.00000 10.00000 -.173"6 -.00801 -177.357"3 .17365 -15.20660 .196"5 -111.131199
90.00000 12.00000 -.18180 .1008A 150.97"37 .20791 -13.6"2"2 .23521 -12.570(\1
90.00000 1... 00000 -.09699 .22159 113.63962 .2"189 -12.32753 .27366 -11.25592
90·00000 lb.OOOOO .09116 .26008 70.68391 .27560 -11.19....6 .31179 -10.1228590.00000 18.00000 .2861.. .1165" 22.15<151 .30896 -10.20185 .3..953 -9.130211
90.00000 20.00000 .29038 -.18057 -31.8711.... .3"195 -9·.32083 .38685 -8.211922 

90.00000 22.00000 -.0088.. -.37....0 -91.35211 .37"51 -8.53080 ...2368 -7 ...5919
90.00000 2... 00000 -.37203 -.1611011 -156.2010.. ...0660 -7.81656 ...5999 -6.7"1195
90.00000 2b.00000 -.30251 .31703 133.65772 ...3820 -7.16656 ."957" -6.091190; ;l>90.00000 28.00000 .2..651 .39929 58.30975 ...6925 -6.57190 .53087 -5.50029 "C
90.00000 30.00000 ."6283 -.188.... -22.15321 ...9972 -6.02550 .56533 "C-".95389 (1)90.00000 32.00000 -.50..70-.160"2 -107.63313 .52959 -5.52127 .59912 -",,,,,966 ;j90.00000 3... 00000 -.53136 .17292 161.97"12 .55879 -5.05500 .63216 -3.98339 090.00000 3b.00000 .23157 .....53973 66.77866 .58731 - ... 62266 .66....3 -3.55105
90.00000 38.00000 .51507 -.33582 -33.10351 .61"88 -".22"21 .69562 -3.15260 >< 
90.00000 ..0.00000 -."7~53 -."3314 -137.55065 .6"17" -3.85275 .72601 -2.7811" ;l> 

90.00000 ..2.00000 -.26696 .61208 113.56....6 .66776 -3.50757 .755.... -2 ...359690.00000 ..... 00000 .69275 .00"53 .37..38 .69277 -3.18823 .78373 -2.11662
90.00000 ..6.00000 -.32520 -.63871 -116.98283 .71673 -2.89292 .8108" -1.8213190.00000 ..8.00000 -.38796 .62975 121.63571 .73966 -2.6·1938 .83678 -1.5..777 



TABLE A-3 
'Tl 

(Page 2 of 10) ~ 
I 

90.00000 
90.00000 
90·00000 
90.00000 
90.00000 
90.00000 

50.00000 
52.00000 
54.00000 
56.00000 
58.00000 
60.00000 

.76011 
-.52985 
-.06783 

.61719 
-.83501 

.67437 

-.04812 
-.57614 

.79962 
-.53850 

• 00433 
.51635 

-3.62206 
-132.60357 

94.841136 
-41.10484 
179.70255 
37.44009 

.76163 

.78274 

.80249 

.81909 

.83502 

.84935 

-2.36510 
-2.12763 
-1.91117 
-1.73337 
-1.56610 
-1._1829 

.86164 

.88552 

.'0787 

.'2664 
•94466 
.96087 

-1.2'3"9 
-1.05602 
-.83956 
-.66176 
- ...,4"• 
-.3tJ668 

~ 
I 

-....J 
-....J 
I 

...... 
tv 
...... 

90.000.00 
90.00000 
90.00000 
90.00000 
90.00000 
90.00000 
90.00000 
90.00000 
90.00000 
90.00000 

62.00000 
64.00000 
&&.00000 
&8.00000 
70.00000 
72.00000 
74.00000 
76.00000 
78.00000 
80.00000 

-.26220 
-.21668 

.60985 
-.83542 

.87863 
-.76882 

.55557 
-.29195 

.02093 

.22635 

-.82063 
.84378 

-.63187 
.28425 
.09646 

-.43212 
.67691 

-.81581 
.85365 

-.80653 

-107.71902 
104.40224 
-46.01598 
161.20950 

6.26486 
-150.66121 

50.62265 
-109.69030 

88.59521 
-74.32365 

.86150 

.87U6 

.87817 

.88246 

.88391 

.88193 

.87570 

.86648 

.85390 

.83769 

-1.29489 
-1019808 
-1.12845 
-1.08613 
-1.07184 
-1.09127 
-1.15286 
-1.24488 
-1.37184 
-1.53836 

.97462 

.98555 

.99348 

.99833 

.99997 

.99774 

.99069 

.98025 

.96603. 

.94768 

-.22328 
-.126..7 
-.05684 
-.01452 
-.00023 
-·01966 
-.08125 
-.17327 
-.30023 
- ...6675 

V1 
.j::. 

90.00000 
90·00000 
90·000UO 
90.00000 
90.00000 
90.00000 
90.00000 
90.00001l 
90.00000 
90.00000 

8,.00000 
8~.ooooo 

6&.00000 
8tl.ooooo 
90.00000 
92.00000 
9~.00000 

9&.00000 
98.00000 

100.00000 

-.43025 
.58046 

-.67315 
.71048 

-.69547 
.65137 

-.57575 
.47906 

-.37214 
.26323 

.69523 
-.54090 

.36270 
-.17789 

.00671 

.13420 
-.25187 

.34122 
-.40185 

.43623 

121.75151 
-42.97955 
151.68376 
-14.05696 
179.44692 

11.64136 
-156.37259 

35.46131 
-132.80175 

58.89242 

.81759 

.79342 

.76465 

.73241 

.69550 

.66505 

.62843 

.58816 

.54769 

.50950 

-10 74930 
-2.00995 
-2.33079 
-2.70491 
-3.15406 
-3.54287 
-4.03485 
-4.61010 . 
-5.22926 
-5.85712 

.92494 

.89760 

.86505 

.82858 

.78682 

.75238 

.71095 

.66539 

.61961 

.57640 

-.67769 
-.93834 

-1.25918 
-1.63330 
-2.08245 
-2...7126 
-2.96324 
-3.53849 
-".15765 
-4.~8551 

90.00000 
90~00000 
90.00000 
90.00000 
90.00000 
90.00000 
90·00000 
90·00000 
90.00000 
90·00000 

102.00000 
104.00000 
10b.OOOOO 
108.00000 
uo.ooooo 
112.00000 
114.00000 
11b.OOOOO 
118.00000 
120.00000 

-.14111 
.04508 
.04252 

-.11790 
.17808 

-.22091 
.24512 

-.25038 
.23748 

-.201134 

-.44934 
.43646 

-.403911 
.35513 

-.29354 
.22321 

-.14848 
.07389 

-.00404 
-.05666 

-107.43432 
84.10321 

-83.99154 
108.36526 
-58.75641 
134.70317 
-31.20558 
163.55811 

-.97560 
-164.78643 

.47098 

.43878 

.40622 

.37419 

.34333 

.31405 

.28658 

.26106 

.23752 

.21591 

-6.54002 
-7.15501 
-7.82486 
-8.53811 
-9.28568 

-10.06010 
-10.85507 
-11.66518 
-12.48604 
-13.31473 

.53282 

.49640 

...5956 

.42333 

.38842 

.35528 

.32..21 

.29534 

.26871 

.24426 

-5...6841 
-6.08340 
-6.75325 
-7...6650 
-8.21407 
-8.98849 
~.78346 

-10.59S57 
-11.U443 
-12.2..312 

~ 
'0 

CD 
::s 
Q..... 

90.00000 
90·00000 
90·00000 
90·00000 
90·00000 
90·00000 
90.00000 
90·00000 
90.00000 
90.00000 

122.00000 
124.00000 
126.00000 
128.00000 
130.00000 
132.00000 
134.00000 
136.00000 
138.00000 
140.00000 

.16605 
-.11481 

.05969 
-.00623 
-.04009 

.07452 
-.09374 

.09&46 
-.08376 

.05914 

.10432 
-.13592 

.14973 
-.14561 

.12525 
-.09221 

.05161 
-.00963 
-.02743 

.05408 

32.13804 
-130.18773 

68.26466 
-92.45001 
107.74975 
-51.05377 
151.16341 
-5.69881 

-161.86672 
_2.44464 

.19610 

.17792 

.16U9 

.14574 

.13151 

.11856 

.10701 

.09693 

.08814 

.08014 

-14.15051 
-14.99532 
-15.85330 
-16.72853 
-17.62088 
-18.52137 
-19.41121 
-20.27040 
-21.09681 
-21.92332 

.22185 

.20129 

.18235 

.16487 

.14878 

.13413 

.12107 

.10966 

.09971 

.09066 

-13.07890 
-13.92371 
-1...71169 
-15.65692 
-16.5..927 
-17."976 
-18.33960 
-19.19879 
-20.0z520 
-20.15171 

>< 
> 

G t 
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TABLE A-3 

90.00000 
90.00000 
90.00000 
90.00000 
90.00000 
90.00000 
90.00000 
90.00000 
90.00000 
90.00000 

1"2.00000 
1..... 00000 
1..6.00000 
h8.00000 
150.00000 
152.00000 
15... 00000 
156.00000 
158.00000 
160.00000 

-.02796 
-.003"0 

.02886 
-.0"391 

.0"657 
-.03789 

.02152 
-.00270 
-.01333 

.0227.. 

-.06673 
.06....3 

-.0..919 
.02562 
.00005 

-.021..5 
.03369 

-.03"65 
.025.... 

-.01006 

(Page 3 of 10) 
-112.73677 .072:55 

93.018"3 .06"52 
-59.59599 .05703 
1..9.73559 .0508" 

.05637 .0"657 
-150 ...8555 .0"35" 

57 ...3219 .03998 
-9.....5195 .03"75 
117.65165 .02872 
-23.87602 .02"87 

-22••1069 
-23.80588 
-2....77..7 
-25.87661 
-26.63'7" 
-27.21297 
-27.96273 
-29.18080 
-30.83650 
-32.08821 

.08186 

.0'72" 

.0~52 

.05'751 

.05169 

.0"15 

.0'523 

.03.31 

.032-. 

.02813 

-11.73'08 
-21.'7"17 
-13.10586 
-".1'500 
-11.16613 
-16.1.135 
-16.1'112 

'-11.10919 
-19.'7"" 
-31.01660 

'Tls: 
I 

::0 
0 
I 

-...J 
-...J 
I 

I--' 
N 
I--' 

°0.00000 
90.00000 
90.00000 
90.00000 
90.00000 
90.00000 
90.00000 
90.00000 
90.00000 
90·000UO 

162.00000 
16... 0001)0 
1&&.00000 
168.00000 
170.00000 
172.00000 
17... 00000 
176.00000 
178.00000 
180.00000 

-.02..11 
.01855 

-.00898 
-.00111 

.0088.. 
-.0127.. 

.01278 
-.00991 

.00532 

.00000 

-.00596 
.01738 

-.02092 
.01629 

-.00611 
-.00518 

.01302 
-.01....7 

.00931 

.00000 

-166.11902 
..3.13260 

-113.22202 
93.8878" 

-3...6..0"0 
-157.86181 

~5.51828 
-12.....07.... 

60.2525.. 
..7 ...608.. 

.02"8" 

.025..2 

.02277 

.01633 

.0107" 

.01375 

.01825 

.0175" 

.01072 

.00000 

-32.09867 
-31089637 
-32.85323 
-35.7"070 
-39.37908 
-37.23376 
-3... 77680 
-35.1179.. 
-39.39278 

-1..3.8..576 

.02810 

.02876 

.02576 

.018'7 

.01215 

.01556 

.0206.. 

.01985 

.01213 

.00000 

-31.01706 
-30.81'76 
-31.71162 
-3'.6690' 
-58.307"7 
-36.16115 
-33.70519 
-3".0"633 
-31.31117 

-1'1.77"15 

c.n 
c.n 90.00000 

90.00000 
90.000UO 
90.00000 
90.00000 
90.00000 
90·00000 
90.00000 
90·00000 
90.00000 

182.00000 
18... 00000 
18b.00000 
188.00000 
190.00000 
192.00000 
19... 00000 
19b.00000 
198.00000 
200.00000 

-.00532 
.00991 

-.01278 
.012"7.. 

-.0088" 
.00111 
.00898 

-.01855 
.02..11 

-.0227.. 

-.00931 
.Oh..7 

-.01302 
.00518 
.00611 

-.01629 
.02092 

-.01738 
.00596 
.01006 

-119.7..751 . 
55.59252 

-13.....8172 
22.13805 

1..5.35922 
-86.112..2 
66.77793 

-136.86758 
13.88087 

156.12386 

.01072 

.0175" 

.01825 

.01375 

.0107.. 

.01633 

.02277 

.025..2 

.02"8" 

.02"87 

-:\9.39272 
-35.11793 
-3".7,7681 
-37.23378 
-39.37909 
-35.7"068 
-32.85322 
-31.89637 
-32.09868 
-32.08821 

.01213 

.01985 

.0206" 

.01556 

.01215 

.018..7 

.02576 

.02876 

.02810 

.02813 

-58.32111 
-3'.0"32 
-33.70519 
-36.16217 
-38.307'8 
-3'.66907 
-31078161 
-30.82..76 
-31.01707 
-31.01660 

90.00000 
90·00000 
90.00000 
90.00000 
90.00000 
90.00000 
90.00000 
90.00000 
90.00000 
90.00000 

202.00000 
20".00000 
206.00000 
208.00000 
210.00000 
212.00000 
21... 00000 
216.00000 
218.00000 
220.00000 

.01333 

.00270 
-.02152 

.03789 
-.0..657 

.0..391 
-.02886 

.003"0 

.02797 
-.0591.. 

-.025.... 
.03"65 

-.03369 
.021..5 

-.00005 
-.02562 

.0..919 
-.06....3 

.06673 
-.05"08 

-62.3..863 
85.5..800 

-122.56806 
29.51..28 

-179.9..378 
-30.26..70 
120 ...0379 
-86.98165 

67.26303 
-137.55563 

.02872 

.03"75 

.03998 

.0..35" 

.0..657 

.0508" 

.05703 

.06"52 
•07235 
.0801" 

-30.836..9 
-29.18080 
-27.96273 
-27.22297 
-26.6377" 
-25.87661 
-2".877"7 
-23.80588 
-22.81069 
-21.92332 

.032'9 

.03931 

.0"523 

.0"925 

.05269 

.05751' 

.06..52 

.07299 

.08186 

.09066 

-29.76'88 
-28.10919 
-26.89112 
-26.15136 
-25.56613 
-2.....500 
-23.80586 
-22.73'17 
-21.73908 
-20.15171 

~ 
'0 
(1)
::s 
0. 
~. 
>< 
» 

90.00000 
90.00000 
90.00000 
90.00000 
90·00000 
90.00000 
90·00000 
90.00000 

222.00000 
22... 00000 
226.00000 
228.00000 
230.00000 
232.00000 
23".00000 
236.00000 

.08376 
-.09&"6 

.0937.. 
-.07..52 

.0"009 

.00623 
-.05969 

.11"81 

.027..3 

.00963 
-.05161 

.09221 
-.12525 

.1"561 
-.1"973 

.13592 

18.13308 
17... 30093 
-28.83670 
128.9..595 
-72.25037 
87.5..968 

-111.73577 
..9.81213 

.0881" 

.09693 

.10701 

.11856 

.13151 

.n5,. 

.16119 

.17792 

-21.09681 
-20.270..0 
-19 ...1121 
-18.52137 
-1'7.61088 
-16.72853 
-15.85330 
-1... 99532 

.09971 

.10966 

.12107 
• 1sa.13 
.1'878 
•16'17 
.182:55 
.20129 

-20.015111 
-1'.1'879 
-11·33960 
-1'7."9'76 
-16."91'7 
-15..... 
-1".'711" 
-13.'13'71 
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90.00000 
90.00000 

330.00000 
332.00000 

-.~6283 

-.2~651 
.188~3 

-.3992/\ 
157.8~700 

-121.69070 
.~9972 

.~6925 
-6.0255~ 
-6.!:'7192 

.56533 

.53087 
-".95393 
-5.50031 

90.00000 33~.00000 .30251 -.31703 -46.3~?20 .~3820 -7.16650 ."957~ -6.09~89 
90.00000 336.00000 .37203 .16407 23.791\88 .~0660 -7.81662 .~5999 -6.n501 

U1 
-....I 

90.00000 
90.00000 

338.00000 
3~0.00000 

.001\8~ 

-.29038 
.37~40 
.18057 

88.6~750 
1~8.12560 

.37~51 

.3~195 

-8.53076 
-9.32085 

.4:t568 

.38685 
-7 ...5915 
-8.2..92_ 

90.00000 3~2.00000 _-.2861~ -.11653 -157.8~097 .30896 '-10.20185 .3"953 -9. 1302lJ 
90·00000 3~~.00000 -.09116 -.26009 -109.31579 .27560 -11.19~~~ .31179 -10.12283 
90·00000 346.00000 .09699 -.22159 -66.36077 .2~189 -12.32756 .27365 -11.25595 
90.00000 3~8.00000 .18180 -.10088 -29.0253~ .20791 -13.6~23q .23521 -12.57078 
90·00000 350.00000 .173~6 .00800 2.6~213 .17365 -15.20662 .19645 -1_.13501 
90.00000 352.00000 .12218 .06663 28.60610 .13917 -17.12887 .157~5 -16.05726 
90·00000 35~.00000 .06881 .07869 48.83151 .10~53 -19.61531 .11825 -18.5..370 
90·00000 356.00000 .03135 .06232 63.29793 .06976 -23.1283~ .07892 -22.05673 
90·00000 358.00000 .01079 .03319 71. 982~1 .03~90 -29.1~3~6 .03948 -28.07185 
90.00000 360.00000 -.00000 -.00000 -116.567~7 .00000 -122.70856 .O.ODO -121.63695 

~ 
"0 
(l) 
;:j 
0.... 
>< 
> 
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ROTATED COORDINATES (THO = .00000· • PHO = .00000 ) 

UNNORMALIZED NORMALIZED
THETA PHI E-THETA PHASF: MAGNITUDE DR MAGNtT\lOE DB 

(J'l 90.00000 .00000 .00000 .00000 74.87990 .00000 -180.46112 .82509 -1.669Cl4 
(Xl 90.00000 2.00000 .00000 .00000 71.98336 .00000 -180.49352· .1I2202 -1.70235 

90.00000 4.00000 .00000 .00000 63.29721 .00000 -180.66896 .80558 -1.8777'1 
90.00000 6.00000 .00000 .00000 48.83213 .00000 -180.87144 .78702 -2.08026 
90.00000 8.00000 .ouooo .00000 28.60570 .00000 -181.74170 .71199 -2.95053 
90.00000 10.00000 .00000 .00000 2.64257 .00000 -181.35843 .74411 -2.56725 
90.00000 12.00000 .00000 -.00000 -29.02563 .00000 -181.64354 .72008 -2.85236 
90.00000 14.00000 .00000 -.00000 -66.36037 .00000 -182.63334 .64253 -3.84216 
90.00000 16.00000 -.00000 -.00000 -109.31609 .00000 -181.66277 .71'149 -2.87159 
90.00000 18.00000 -.00000 -.00000 -157.84049 .00000 -183.74546 .56531 -4.95428 
90.00000 20.00000 -.00000 .00000 148.12556 .00000 -183.07326 .61080 -4.28208 

90.00000 22.00000 .00000 .00000 88.647119 .00000 -182.51603 .65126· -3 •.72485 
90·00000 24.00000 .00000 .00000 23.79896 •.00000 -182.05922 .611643 -3.261'04 
90.00000 26.00000 .00000 -.00000 -46.34228 .00000 -186.05323 .43341 -7.26205 
90·00000 28.00000 -.00000 -.00000 -121.69024 .00000 -185.76758 .44790 -6.97640 ~ 

"d90.00000 30.00000 -.00000 .00000 157.84679 .00000 -185.5"5735 .4568r -6.766111 (I)
90·00000 32.00000 .00000 .00000 72.36687 .00000 -185.41753 .46632 -6.62635 ::s 
90·00000 34.00000 .00000 -.00000 -18.02588 .00000 -185.34512 .47022 -6.55394 P
90.00000 36.00000 -.00000 -.00000 -113.22134 .00000 -185.33743 .47064 -6.54626 

l-'. 

><90.00000 38.00000 -.00000 .00000 146.89648 .00000 -185.39601 .46748 -6.60483
 
90.00000 40.00000 .00000 .00000 42.44934 .00000 -185.51567 .46108 -6.72450 :>
 

90.00000 42.00000 .00000 -.00000 -66.43554 .00000 -185.69771 .45152 -6.90654
 
90.00000 44.00000 -.00000 -.00000 -179.62562 .00000 -195.11718 .15265 -16.32600
 
90.00000 46.00000 .00000 .00000 63.01716 .00000 -195.42838 .14728 -16.63720
 
90.00000 48.00000 .00000 -.00000 -58.36429 .00000 -195.80525 .14103 -17.01407
 

,
11 
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I 

::090.00000 50.00000 -.00000 .00000 176.37794 .00000 -196.2..871 .13..01 -17 ...575:5 t:l 
90.00000 52.00000 .00000 .00000 ..7.396..3 • 00000 -196.76026 .1263.. -17.96908 I 

-J90.00000 5... 00000 .00000 -.00000 -85.1516.. .00000 -197.3"87" .11807 -18.55756 
90.00000 56.00000 -.00000 .00000 138.89516 .00000 -198.03722 .10907 -19.2..60.. 

-J
I 
~90.00000 58.00000 .00000 -.00000 -.297..5 .00000 -198.80..03 .09985 -20.01285
 

90.00000 60.00000 -.00000 -.00000 -1 ..2.55991 .00000 -199.66581 .090.. 2 -20.87"63 
N 
~
 

90.00000 62.00000 .00000 .00000 72.28097 .00000 -200.6368.. .08086 -21.8..566 
90.00000 6... 00000 .00000 -.00000 -75.59776 .00000 -201.73072 .0712~ -22.93955 
90.00000 66.00000 -.00000 .00000 133.98"02 .00000 -202.96225 .06187 -2... 17107 
90.00000 68.00000 .00000 -.00000 -18.79050 .00000 -20... 3"9"5 .0527:5 -25.55827 
90.00000 70.00000 -.00000 -.00000 -173.7351" .00000 -205.9161.. .0....03 -27.12"97 
90·00000 72.00000 .00000 .00000 29.33879 .00000 -207.69832 .03586 -28.90715 
90.00000 7... 00000 -.00000 -.00000 -129.37735 .00000 -209.7..569 .02833 -30.95"~1 
'0·00000 76.00000 .00000 .00000 70.30970 .00000 -212.10426 .02159 -33.3n08 
90.00000 78.00000 -.00000 -.00000 -91."0"78 .00000 -21...86306 .01572 -36.07189 
90·00000 80.00000 -.00000 .00000 105.67635 .00000 -218.15798 .01076 -39.3661:'0 

90.00000 82.00000 • 00000 -.00000 -58.2"8"9 .00000 -222.21359 .0067.. -43'''22''1 
90.00000 8... 00000 -.00000 .00000 137.020..5 .00000 -227.....725 .00369 - ..8.65608 
90·00000 86.00000 .00000 -.00000 -28.3162.. .00000 -23... 79..57 .00158 -56.003:59 

til 90.00000 88.00000 -.00000 .00000 165.9..30.. .00000 -2..7.20187 .00038 -68."1070
l.D	 90.00000 90.00000 .00000 -.00000 -.55308 .00000 -315.10555 .00000 -136.31"37 

90.00000 92.00000 .00000 .00000 11.6..136 .00000 -316.61..06 .00000 -137.82289 
90.00000 9... 00000 -.00000 -.00000 -156.37259 .00000 -318.26588 .00000 -139."7"71 
90.00000 96.00000 .00000 .00000 35."6131 .00000 -318.8..11.. .00000 -1"0.0"996
90.00000 98.00000 -.00000 -.00000 -132.80175 .00000 -320.79923 .00000 -1..2.00805 
90.00000 100.00000 .00000 .00000 58.892"2 .00000 -312.90772 .00000 -13".1165" 

90.00000 102.00000 -.00000 -.00000 -107."6907 .00000 -319.60..36 .00000 -1 ..0.81318 
90·00000 10... 00000 .00000 .00000 8".06657 .00000 -316.70132 .00000 -137.9101.. 
90.00000 106.00000 .00000 -.00000 -8".07186 .00000 -320.89509 .00000 -1"2.10392 
90·00000 108.00000 -.00000 .00000 108.35052 .00000 -316.7"939 .00000 -137.95822 
90.00000 110.00000 .00000 -.00000 -58.8..712 .00000 -328.39222 .00000 . -1"9.6010" 
90.00000 112.00000 -.00000 .00000 13... 68517 .00000 -319.6192" .00000 -1"0.82807 
90.00000 11... 00000 .00000 -.00000 -31.19622 .00000 -319.07166 .00000 -1"0.280"9 
90.00000 116.00000 .00000 -.00000 -59.2657.. .00000 -37... 92962 .00000 -196.138.... ~ 

"t:l90.00000 118.00000 .00000 -.00000 -.00378 .00000 -337.6392" .00000 -158.84807 (l)
90.00000 120.00000 .00000 .00000 15.21356 .00000 -326.38592 .00000 -1 ..7.59"74 ::s 

P.... 
><90·00000 122.00000 -.00000 -.00000 -1 ..7.99756 .00000 -339.28799 .00000 -160 ...9681 

90.00000 124.00000 -.00000 -.00000 -130.1710.. .00000 -330.52589 .00000 -151.73"71 ;I> 
90.00000 126.00000 -.00000 -.00000 -111.73533 .00000 -325."0267 .00000 -1 ..6.611 ..9 
90.00000 128.00000 .00000 .00000 87.92459 .00000 -335.83830 .00000 -157.0..712 
90.00000 130.00000 -.00000 .00000 107.7..975 .00000 -330.69207 .00000 -151.90089 
90.00000 132.00000 -.00000 .00000 153.81189 .00000 -365.23..00 .00000 -186.44283 
90·00000 13... 00000 -.00000 .00000 151.163"1 .00000 -332 ...8241 .00000 -153.69123 
90.00000 136.00000 .00000 -.00000 -5.69881 .00000 -333.3..159 .00000 -15".55041 
90.00000 138.00000 .00000 .00000 17.45216 .00000 -330.68928 .00000 -151.89810 
90.00000 1..0.00000 .00000 .00000 .00000.00000	 ..2.65212 -328.87687 -150.08570 
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90.00000 
90.00000 
90.00000 
90.00000 
90·00000 
90.00000 
90.00000 
90.00000 
90·00000 
90.00000 

1..2.00000 
1..... 00000 
1..6.00000 
148.00000 
150.00000 
152.00000 
15... 00000 
156.00000 
158.00000 
160.00000 

.00000 

.00000 

.00000 

.00000 

.00000 
-.00000 
-.00000 

.00000 

.00000 

.00000 

.00000 

.00000 
-.00000 
-.00000 

.00000 
-.00000 
-.00000 

.00000 
-.00000 
-.00000 

70.14990 
8.65616 

-61.02225 
-32.65296 

12.2"125 
-1"0.23501 
-122.11718 

115.5..1105 
-18.29368 
-23.87602 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

-342.55923 
-35".75300 
-33£.. 25262 
-3..3.62529 
-3..6.00..47 
-3..0.95004 
-337.80627 
-348.27260 
-356.92015 
-357.20061 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

-163.76~"5 
-175.96182 
-157.46145 
-16".83"11 
-167.21329 
-162.15886 
-159.01509 
-169.48142 
-178.121198 
-178."0943 

"Ii 

?; 
I 

:::0 
t::l 
I 

'-J 
'-J 
I ..... 

N ..... 

90.00000 
90.00000 
90.00000 
90.00000 
90.00000 
90.00000 
90.00000 
90.00000 
90.00000 
90.00000 

162.00000 
16".00000 
166.00000 
168.00000 
170.00000 
172.00000 
17... 00000 
176.00000 
178.00000 
180.00000 

-.00000 
.00000 
.00000 

-.00000 
-.00000 

.00000 
-.00000 
-.00000 

.00000 
-.00000 

-.00000 
.00000 
.00000 
.00000 
.00000 

-.00000 
-.00000 
-.00000 

.00000 

.00000 

-15".79794 
49.60384 
116.57227 
90.72571 

125.31465 
-72.77405 

-138.09145 
-141.50353 

10.01855 
lIH.34939 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

-342.82556 
-341.57635 
-348.67..64 
-346.9"230 
-362.12168 
-343.20579 
-349.58844 
-348.16567 
-338.69182 
-339.22403 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

-16".03438 
-162.78~17 

-169.88"1"6 
-168.15112 
-183.33050 
-16.....14 61 
-170.797?7 
-169.39449 
-160.10065 
-160."32116 

a
0 

90.00000 
90.00000 
90·00000 
90·00000 
90·00000 
90·00000 
90.00000 
90.00000 
90.00000 
90.00000 

182.00000 
18... 00000 
186.00000 
188.00000 
190.00000 
192.00000 
19... 00000 
19t.. 0000O 
198.00000 
200.00000 

.00000 
-.00000 

.00000 

.00000 
-.00000 

.00000 
-.00000 

.00000 
-.00000 

.00000 

.00000 
-.00000 

.00000 
-.00000 

.00000 

.00000 
-.00000 

.00000 
-.00000 

.00000 

32.38114 
-153.00163 

53.19407 
-57.04407 
137.51924· 

75.75253 
-117 ...7942 

..7.42601 
-163.67918 

28.90486 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

-3..3.35919 
-342.87661 
-332.99412 
-3..3.08200 
-350.26171 
-337.36298 
-339.01402 
-340.94571 
-329.54940 
-357.94..47 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

-16".568(11 
-16".08~44 

.-15".20?94 
-164.29082 
-171 ...9053 
-158.571110 
-160.22284 
-162.15454 
-150.75822 
-179.15329 

90.00000 
90.00000 
90.00000 
90.00000 
90·00000 
90.00000 
90·00000 
90.00000 
90.00000 
90.00000 

90·00000 
90·00000 
90.00000 
90·00000 
90·00000 
90.00000 
90.00000 
90.00000 

202.00000 
20... 00000 
206.00000 
208.00000 
210.00000 
212.00000 
21... 00000 
216.00000 
218.00000 
220.00000 

222.00000 
224.00000 
226.00000 
228.00000 
230.00000 
232.00000 
234.00000 
236.00000 

.00000 
-.00000 

.00000 
-.00000 

.00000 
-.00000 

.00000 
-.00000 
-.00000 

.00000 

-.00000 
.00000 

-.00000 
-.00000 
-.00000 
-.00000 
-.00000 

.00000 

-.00000 
-.00000 

.00000 
-.00000 

.00000 

.00000 
-.00000 

.00000 
-.00000 

.00000 

-.00000 
-.00000 

.00000 

.00000 

.00000 
-.00000 
-.00000 

.00000 

-44.161112 
-94.45200 

56.61523 
-150.48571 

2.171139 
1..9.94432 
-59.59621 

93.01835 
-113.26420 

42.95458 

-94.86126 
-5.69907 

151.23311 
130.14181 
107.00308 
-93.37992 

-111."6951 
..9.79359 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

-345.88000 
-323.92292 
-330.93010 
-321 ...5..00 
-329.5"831 
-322.46928 
-324.88441 
-318.81527 
-327.79511 
-328.73312 

-36".9"656 
-320.2773" 
-321.63108 
-337.21097 
-327.21688 
-329.75333 
-322.96..66 
-320.15127 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

-167.0881'3 
-1 ..5.13174 
-t52.13892 
-142.66?82 
-150.75713 
-1..3.67810 
-1 ..6.09323 
-1"0.02"09 
-1"9.00393 
-1 ..9.9..19" 

-186.15538 
-1"1."8616 
-IU.&3990 
-15&...19&0 
-1"&·"2571 
-150.96215 
-1..... 1734& 
-1..1036009 

~ 
"C 

CD::s 
p.. 
1-" 
>< 
~ 

III ~ II> 
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90.00000 
90.00000 

238.00000 
240.00000 

-.00000 
-.00000 

-.00000 
-.00000 

-148.03667 
-164.78684 

.00000 

.00000 
-322.39320 
-318.42712 

.00000 

.00000 
-1..3.60202 
-13'.63595 'T1 

~ 
90.00000 
'0.00000 
90.00000 
90.00000 
90.00000 
'0.00000 
90.00000 
90.00000 
90.00000 
90.00000 

242.00000 
2..4.00000 
246.00000 
248.00000 
250.00000 
252.00000 
25... 00000 
256.00000 
258.00000 
260.00000 

-.00000 
-.00000 

.00000 

.00000 
-.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 
-.00000 
-.00000 

.00000 
-.00000 
-.00000 

.00000 

.00000 

.00000 

178.88625 
163.56682 
-31.20107 
-45.28663 
121.25471 
-71.59822 
-83.99492 
8".09173 
72.5927.. 
58.88980 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 
• 00000 
.00000 
.00000 

-316.76..56 
-311.67358 
-316.88581 
-307.93233 
-322.35503 
-310.72583 
-310.01..65 
-322.72..0.. 
-313.59601 
-312.37'59 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

-137.97339 
-132.812..1 
-138.0'''63 
-12'.lU16 
-1..3.56385 
-131.93"65 
-131.223'8 
-1..3.93286 
-13".80483 
-133.588U 

I 
;;>;:l 
0 
I 

-...J 
-...J 
I 

t--' 
N 
t--' 

90.00000 
'0.00000 
90·00000 
90.00000 
90.00000 
90.00000 
90.00000 
90.00000 
90.00000 
90.00000 

262.00000 
26... 00000 
266.00000 
268.00000 
270.00000 
272.00000 
27... 00000 
276.00000 
278.00000 
280.00000 

.00000 

.00000 
-.00000 

.00000 
-.00000 
-.00000 

.00000 
-.00000 

.00000 
-.00000 

.00000 

.00000 
-.00000 

.00000 

.00000 

.00000 
-.00000 

.00000 
-.00000 

.00000 

47.213..9 
35 ...6566 

-1~6.36670 
11.63815 

179...5QU 
165.9"268 
-28.31638 
13'7.02016 
-58.2..883 
105.67621 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

-336.35026 
-309.721..5 
-308.93215 
-329.81518 
-303 ...6351 
-2..6.932..6 
-23".5"052 
-227.21961 
-222.02317 
-218.01558 

.00000 

.00000 

.00000 

.00000 

.00000 

.00039 

.00163 

.00379 

.00689 

.01093 

-157.55'08 
-130.93028 
-130.1"098 
-151.02"01 
-12...67233 
-68.1..129 
-55.7...3' 
- ..8.U8.... 
- ..3.U200 
-39.22....0 

0\ 
t--' 90.00000 

90.00000 
90·00000 
90.00000 
'0.00000 
90.00000 
'0.00000 
90.00000 
90.00000 
'0.00000 

282.00000 
28... 00000 
286.00000 
288.00000 
290.00000 
292.00000 
29... 00000 
296.00000 
298.00000 
300.00000 

-.00000 
.00000 

-.00000 
.00000 

-.00000 
.00000 

-.00000 
.00000 
.00000 

-.00000 

-.00000 
.00000 

-.00000 
.00000 

-.00000 
-.00000 

.00000 
-.00000 

.00000 
-.00000 

-91."0"99 
70.30935 

-129.377"8 
29.33860 

-173.735"8 
-18.79065 
133.98380 
-75.59800 

72.28067 
-142.56010 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

-21... 77960 
-212.09078 
-209.813..7 
-207.85878 
-206.18098 
-20... 73073 
-203.4722" 
-202.38211 
-201 .....273 
-200.63979 

.01587 

.02163 

.02811 

.03521 

.0"271 

.05047 

.0583" 

.0661" 

.07369 

.08083 

--35.988'2 
-33.29960 
-31.0222' 
-29.06761 
-fl.U980 
-25.93955 
-2'.68106 
-23.5'093 
-22.65156 
-21 ....861 

90.00000 
90.00000 
90.00000 
90.00000 
90.00000 
90.00000 
90.00000 
".00000 
90.10000 
90.00000 

302.00000 
30... 00000 
306.00000 
308.00000 
310.00000 
312.00000 
314.00000 
316.00000 
318.00000 
320.00000 

.00000 
-.00000 

.00000 

.00000 
-.00000 

.00000 

.00000 
-.00000 

.00000 

.00000 

-.00000 
.00000 

-.00000 
.00000 
.00000 

-.00000 
.00000 

-.00000 
-.00000 

.00000 

-.29767 
138.89"86 
-85.15180 

..7.39621 
176.37766 
-58.36"45 

63.01700 
-179.6258.. 
-66.43567 

..2 .....923 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

-199.96021 
-199.3'032 
-1'8.91"17 
-198.55..20 
-198.28822 
-198.10836 
-198.01..28 
-198.00633 
-178.80568 
-178.97251 

.08741 

.09333 

.09859 

.10277 

.10596 

.10818 

.10936 

.10946 

.99833 

.9793" 

-21.16903 
-20.5991_ 
-10.12299 
-19.76303 
-19."970' 
-19.31719 
-19.21311 
-1'.21515 

-.01450 
-.1'133 

~ 
"C 

CD::s 
0..... 
>< 
:P

90.00000 
90.00000 
90.00000 
90.00000 

322.00000 
32... 00000 
326.00000 
328.00000 

-.00000 
-.00000 

• 00000 
.00000 

.00000 
-.00000 
-.00000 

.00000 

1"6.89632 
-113.22139 
-18.0260.. 

72.36670 

.00000 

.00000 

.00000 

.00000 

-179.22735 
-179.57125 
-180.01206 
-180.55152 

.95102 

.91.. U 

.86887 

.81655 

-,"3617 
-.7'007 

-1.22089 
-1.76035 
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FAA-RD-77-l2l Appendix B 

APPENDIX B 

SYNTHESIZED AND MEASURED ANTENNA PATTERNS FOR ATCRBS ANTENNAS 

In the case of the Boeing 747, Boeing 727 and Cessna 150 air 
craft, measured data were provided by Lincoln Laboratories in the 
form of gain values expressed in dB. These have been compared 
statistically with the outputs of the model, which in this case 
are also expressed as gain in dB. 

For the F-4 aircraft, measured data were provided by McDonnell
Douglas in the form of unitless gain values. A comparison with 
model outputs that are also unitless would not have the same 
meaning as dB comparisons. Therefore, in these cases, and in the 
cases where measured data were not available, no statistical 
comparison is provided. 

Where given, the statistical information indicates the mutual 
error between the model's synthesized pattern and the measured 
pattern. The mean error (V) and the standard deviation of the 
error distribution (0) are relative values derived from the abso
lute difference, in decibels, between corresponding data points 
on the two patterns. 
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FAA-RD-77-l2l Appendix B 

Antenna '1ount - Bottom 
Polarization - Vertical 
Landing Gear - Ul' 

Q 

PREDICTED
MEAN AND -STANDARD DEVIATION 
(RELATIVE dB VALUES) - - - MEASURED 

II = 4.15 dB
 
a = 1.87 dB
 

Figure B-1. Boeing 747 roll plane (E-PHI). 
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FAA-RD-77-121 Appendix B 

TABLE B-1 

BOEING 747 ROLL PLANE 

Card I Card 2 

2 4 I. 

No. of wings No. of edges/wing 

Cols. 11-20 (I) 

Frequency in GHz 

Cols. 21-30 (F .P.)Cols. 1-10 (1) 

156. 132. I 

X-'dimension of V-dimension of· 
fuselage fuselage 

Cols. 11-20 (F.P.) 

No. of sources 

Cols. 21-30 (I)Cols. 1-10 (LP.) 

Card 3 

2 O. O. O. I. O. 

Type of antenna 
Slot = I Radial 
monopole = 2 

Angle slot 
with Z-axis 

Angular position 
of source 

Cols. 21-30 (F.P .) 

Z-coordinate 
of source 

Cols. 31-40 (F.P.) Cols. 

WM 

41-50 (F.P. ) 

WP 

Cols. 51-60Cols. 1-10 (I) Cols. 11-20 (F.P.) 

Card 4 Card 5 

F T T 

Additional Write Pattern plotted by Is flat plate 
out desired pen plotter considered? 

(T or F) (T or F) ·(T or F) 

Col. 5 Col. 10 Col. 15 

90 90 90 2 

Initial value Final value Incremental Incremental 
of theta of theta step in theta step in phi 
in degrees in degrees in degrees in degrees 

Cols. 1-5 (I) Cols. 6 -10 (I) Cols. 11-15 (I) Cols. 16-20 (I) 

Card 6 Card 7 (for first wing) 

O. O. 

Col. 1-10 (F. P.) Col. 11-20 (F.P.) Cols. 21-30' 

TIlC (theta rotation) PHC (phi rotation) 

4 4 180. 

No. of first No. of second 
corner at bend corner at bend Angle of bend 

Cols. 21-30 (of. P.)Cols. 1-10 (I) Cols. 11-20 (I) 

Card 8 Card 9 

I 

2 

3 

4 

150. 

150. 

150. 

150. 

X 

132. 

1200. 

1200. 

132. 

Y 

-312. 

624. 

792. 

288. 

Z 

Col. 1-10 (F .P.) Col. 11-20 (F.P. ) Col. 21-30 (F.P. ) 

4. 3 

Type of plot 

I = field plot 
Inches of 2 = power plot 

desired plot 3 = dB plot 

Cols. 11-12 (I) 

Title of plot 

Cols. 13-55 (Alpha-numeric)Cols. 1-10 (F.P.) 

For Additiona1 Wings 

Card 

4 180. 

• Card 

I. 150. -132. -312. 
2. 150. -1200. 624. 
3. 150. -1200. 792. 
4. 150. -132. 288. 
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FAA-RD-77-121 Appendix B 

Antenna r·lount. - Bottom 1/
Polarization - Vertical 
Landing Cear - Up 

PREDICTED
 

Figure B-2. Boeing 747 roll plane (Z - 768"; E-PHI). 
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..
 

TABLE B-2
 

BOEING 747 ROLL PLANE (2=768)
 

Card I Card 2 

2 4 I. 

No. of \lo"ings :\0. of edges/wing 

Cols. 11-20 (1) 

Frequency in GH;:; 

Cols. 21-30 (F.P. )CJI s. 1-10 (1) 

156. 132. I 

X-dimension of Y-d imens ion of 
fuselage fuselage 

Col s. 11-20 (F.P. ) 

No. of Sources 

Cols. 21-30 (I)Cols. 1-10 (F. P.) 

Card 3 

2 O. O. 768. I. O. 

Ty"pe of antenna 
Slot = I Radial 
monopole = 2 

Angle slot 
with'Z-axis 

Angular position 
of source 

Co1s. 21-30 (F. P.) 

Z-coordinate 
of source 

Cois. 31-40 (F. P.) eo1s. 

Wl-! 

41-50 (F. P.) 

WP 

Cois. 51-60Cois. 1-10 (I) Cois. 11-20 (F. P.) 

Card 4 Card 5 

F T T 

Additional \'i"rite Pattern plotted by Is flat plate 
out desired pen plotter considered ? 

(T or F) (T or F) (T or F) 

Col. 5 Col. 10 Col. 15 

90 90 90 2 

Initial \Oalue Final value Incremental Incremental 
of theta of theta step in theta step in phi 

in degrees in degrees in degrees in degrees 

Cois. 1-5 (1) Cols. 6-10 (1) Cols. 11-15 (1) Cois. 16-20 (I) 

Card 6 Card t for first wing) 

O. O. 

Col. 1-10 (F.P. ) Col. 11-20 (F.P.) eols. 21-30 

TIle (theta rotation) PHC (phi rotation) 

4 4 180. 

Xo. of first ~o. of second 
corner at bend corner at be:td Angle of bend 

Cols. 21-30 (F.P.)Cols. 1-10 (I) Cois. 11-20 (1) 

Card 8 Card 9 

I ISO. 132. -312 

2 150. 1200. 624. 

3 ISO. 1200. 792. 

4 ISO. 132. 288. 

X Y Z 

Col. 1-10 (F.P.) Col. 11-20 (F.P. ) Col. 21-30 (F.P. ) 

4. 3 

Type of plot 

I = field plot 
Inches of 2 = power plot 

desired plot 3 = d8 plot 

Cois. 11-12 (I) 

Title of plot 

Cois. 13-55 (Alpha-numeric)Cois. 1-10 (F.P.) 

For Additional Wings 

.. Card 

180. 

Card 

I. 150. -132. -312 
2. 150. -1200 624. 
3. 150. -1200 792. 
4. 150. -132. 288. 
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FM-RD-77-121 Appendix B 

Antenna 'lount. - Bottom 
Polarization - Vertical 
LAnding Gear - Up 

• 

/LL--L--!---+-------=~t==--+=_=_-~;__+~__\OdS 

I I I 
\ I 
\ I 
\ / 
\ II 

MEAN AND STANDARD DEVIATION - - - MEASURED(RELATIVE dB VALUES) 

\ /, ~ 

~ 

PREDICTED 

~ = 2.0 dB
 
a = 1. 54 dB
 

Figure B-3. Boeing 747 roll plane (6 = 30 0 
; E-PHI). 
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TABLE B-3 

BOEING 747 ROLL PLANE (8=30°)• 

Card I Card 2 

2 4 I. 

No. .of wings ~o. of edges/wing 

Cols. ll-ZO (I) 

Frequency in GH. 

Cols. 21-30 (F. P.)C~ls. 1-10 (I) 

156. 132. I 

X-dimension of Y-dimension of 
fuselage fuselage 

Cols. 11-20 (F:r·) 

No. of Sources 

Cols. 21-30 (I)Cols. 1-10 (F .P.) 

Card 3 

2 O. O. O. I. O. 

Type of antenna 
Slot = I Radial 
monopo1e = 2 

Angle slot 
with Z-axis 

Angular pasi tion 
of source 

Cols. 21-30 (F.P. ) 

Z-coordinate 
of source 

Cols. 31-40 (F.P. ) 

Wl-I 

Cols. 41-50 (F. P.) 

WP 

Cols. 51-60Cols. 1-10 (I) Cols. 11-20 (F. P.) 

Card 4 Card 5 

F T T 

Additional tlrite Pattern plotted by Is flat plate 
out desired pen plotter cons idered? 

(T or F) (T or F) 

Col. 10 

(T or F) 

Col. ISCol. 5 

30 30 90 2 

Initial value Final value Incremental Incremental 
of theta of theta step in theta step in phi 

in degrees in degrees Ih degrees in degrees 

Cols. 16-20 (I)Cols. 1-5 (I) Cols. 6-10 (I) Cols. 11-15 (I) 

Card lfor first wing)Card 6 

O. O. 

Col. 1-10 (F.P.) Col. 11-20 (F.P. ) 

PHC (phi rotation) 

Cols. 21-30 

TIlC (theta rotation) 

4 4 180. 

No. of first No. of second 
corner at bend corner a't bend Angle of bend 

Cols. 1-10 (I) Cols. 11-20 (I) Cols. 21-30 (F.P.) 

Card 9Card 8 

I ISO. 132. -312. 

2 ISO. 1200. 624. 

3 150. 1200. 792. 

4 ISO. 132. 288. 

X Y Z 

Col. 1-10 (F.P.) Col. 11-20 (F .P.) Col. 21-30 (F.P. ) 

4. 3 

Type of plot 

I = field plot 
Inches of 2 = power plot 

desired plot 3 = dB plot 

Cols. 11-12 (11 

Title of plot 

Cols. 13-55 (Alpha-numeric)Cols. 1-10 (F.P.) 

>II 
For Additional Wings 

Card 7 

180. 

Card 

1. 150. -Ll2. -312. 
2. 150. -1200. 624. 
3. 150. -1200. 792. 
4. 150. -132. 288. 
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PREDICTED 

FAA-RD-77-l2l Appendix B 

Antenna Mount. - Bottom 
Polarization - Vertical 

~----r--~ Landing Cear - Up 

/ I'
\

/ \ OdS 
I \ 
\ I\ 

/\ 
/\ 

---. 
MEAN AND STANDARD DEVIATION
 

(RELATIVE dB VALUES)
 

II = 4.4 dB
 
a = 2.2 dB
 

Figure B-4. Boeing 747 elevation plane (E-PHI). 
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TABLE B-4 

BOEING 747 ELEVATION PLANE 
Card 2Card 1 

2 4 I. 

~o. of 'ftings ~o. of edges/wing 

Cols. 11-20 (I) 

Frequency in GHz 

eols. 21-30 (F.P. )[vIs. 1-10 (I) 

156. 132. I 

X-dimension of Y-dimension of. 
fuselage fuselage No. of Sources 

Co1s. 1-10 (F. P ..) eols. 11-20 (F.P.) Cols. 21-30 (I) 

Card 3 

2 O. O. O. I. O. 

Type of antenna 
Slot = I Radial 
monopole = 2 

Angle slot 
with Z-axiS 

Angular position 
of source 

Co1s. 21-30 (F.P. ) 

Z-coordinate 
of source 

Cols. 31-40 (F.P. ) Cols. 

h1-1 

H-SO (F. P.) 

WP 

Go1s. 51-60Cols. 1-10 (I) Gols. 11-20 (F.P. ) 

Card ..t Card 5 

F T T 

Additional h"rite Pattern plotted by Is flat plate 
out desired pen plotter cons idered? 

(T or F) (T or F) (T or Fl 

Col. 5 Col. 10 Col. IS 

89 89 89 2 

Initial yalue Final value Incrementa} Incremental 
of theta of theta step in theta step in phi 

in degrees in degrees in degrees in degrees 

Cols. 16-20 (I)Gols. 1-5 (I) Co1s. 6-10 (I) Cols. II-IS (I) 

Card 6 CarLI -: l for first wing) 

90. 90. 

Col. 1-10 (F.P.) Col. 11-20 (F.P.) Cols. 21-30 

TIlC (theta rotation) PHC (phi rotation) 

4 4 180. 

~o. of first ~o. of second 
corner at bend corner at be:ld Angle of bend 

Gols. I -I 0 (I) Gols. 11-20 (I) Cols. 21-30 (F .P.) 

Card 8 Card 9 

I ISO. 132. -312. 

2 ISO. 1200. 624. 

3 ISO. 1200. 792. 

4 ISO. 132. 288. 

X Y Z 

Col. 1-10 (F.P.) Col. Il-20 (F. P.) Col. :?1~30 (F .P.) 

4. 3 

Type of plot 

1 = field plot 
Inches of 2 = power plot 

desired plot 3 = d8 plot 

Cois. 11-12 (I) 

Title of plot 

Cols. 13-55 (Alpha-numeric)Gols. 1-10 (F.P.) 

For Additional Wings 

Card 

180. 

Card 8 

I. ISO. -132. -312. 
2. ISO. -1200. 624. 
3. ISO. -1200. 792. 
4. ISO. -132. 288. 
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\ /
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, / 
/ 

'-/ 

'--  PREDICTED 
- - - MEASURED

MEAN AND STANDARD DEVIATION
 
(RELATIVE dB VALUES)
 

l.I = 5.3 dB
 
(J = 2.2 dB
 

Figure B-5. Boeing 747 azimuth plane (E-THETA). 
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TABLE B-5
 

BOEING 747 AZIMUTH PLANE
 

Card 1 

I. 

~o. of edges/wing Frequency in GH:~o. of ""ings 

Cvls. 1-10 (I) Cols. ll-"O (I) Cols. 21-30 (F.P.) 

Card 3 

Card 2 

156. 132. 

X-dimension of 
fuselage 

Y-dimension of 
fusela~e No. of Sources 

Cols. 1-10 (F.P.) Cols. 11-20 (F.P.) Cols. 21-30 (1) 

O. O. O. I. O. 

Type of antenna 
Slot = 1 Radial 
monopole = 2 

Angle slot 
\liith Z-axis 

Angular position 
of source 

Z-coordinate 
of source \\01-1 WP 

Cols. 1-10 (I) Cols. 11-20 (F.P.) Cols. 21-30 (F.P.) Cols. 31-~0 (F.P.) Cols. ~1-50 (F.P.) Cols. 51-60 

Card ..\ Card 5 

F T T 

Additional \\ri te Pattern plotted by Is flat plate 
out desired pen plotter considered? 

(T or F' (T or F) (T or F) 

Col. 3 Col. 10 Col. 13 

90 90 90 l 

1nitial "alue Final value Incremental Incremental 
of theta of theta step in theta step in phi 

in degrees in degrees in degrees in degrees 

Cois. 1-5 (I) Cols. 6-10 (I) Cols. 11-15 (I) Co1s. 16-20 (I) 

Card 6 Card :- l (or fi rst wing) 

90. O. 

Col. 1-10 (F. P.) Col. 11-20 (F .P.) Co1s. 21-30 

TIle (theta rotation) PHC (phi rotation) 

4 4 180. 

Xo. of first ~o. of second 
corner at bend corner at be;Jd Angle of bend 

Cols. 1-10 (I) Co1s. 11-20 (I) Co1s. 21-30 (F. P.) 

Card 8 Card 9 

I ISO. 132. -312. 

2 ISO. 1200. 624. 

3 ISO. 1200. 792. 

4 ISO. 132. 288. 

X Y Z 

Col. 1-10 (F.P.) Col. 11-20 (F .P.) Col. 21-30 (F. P.) 

. 4. 3 

Type of plot 

I = field plot 
Inches of 2 = power plot 

desired plot ; = dB plot 

Cols. 11-12 (I) 

Title of plot 

Cols. 13-55 (Alpha-numeric)Cols. 1-10 (F. P.) 

For Additional Wings 

Card 

180. 

Card 8 

I. ISO. -132. -312. 
2. ISO. -1200. 624. 
3. ISO. -1200. 792. 
4. ISO. -132. 288. 
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/
V 

MEAN AND STANDARD DEVIATION 

FAA-RD-77-121 Appendix B 

Antenna ~lount - Bottom 
Polarization - Vertical 
Landing Gear - Up 

\ 
I 
I 

... - - - MEASURED 

Boeing 727 roll plane (E-PHI). 

(RELATIVE dB VALUES) 

1.1 = 3.8 dB 
o 1. 5 dB 

Figure B-6. 
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TABLE B-6
 

BOEING 727 ROLL PLANE
 

Card 1 'Card 2 

90. 

X-dimension of 
fuselage 

-
Cols. 1-10 (F. P.) 

84. 

Y-dimension of 
fuselage 

Cols. !l-20 (F.P. ) 

I 

No. of Sources 

Co1s. 21-30 (I) 

2 

No. of "dngs 

C,,)ls. 1-10 (I) 

4 

So. of edges/wing 
--_.

Co1s. 11-20 (1) 

I. 

Frequency in GH: 

Co1s. 21-30 (F.P. ) 

Card 3 

2 O. O. O. I. O. 

Type of antenna 
Slot = 1 Radial 
monopole = 2 

Angle slot 
with Z-axis 

Angular position 
of source 

Cols. 21-30 (F. P.) 

Z-coordinate 
of source 

Co1s. 31-40 (F. P.) Co1s. 

~~I 

41-50 (F. P.) 

WP 

Co1s. 51-60Cols. 1-10 (I) Co1s. 11-20 (F .P.) 

Card 4 Card 5 

F T T 

Additional Write Pattern plotted by Is flat plate 
out desired pen plotter considered ? 

(T or F) (T or F) (T or F) 

eel. 5 Col. 10 Col. 15 

90 90 90 2 

Initial value Final value Incremental Incremental 
of theta of theta step in theta step in phi 

in degrees in degrees in degrees in degrees 

Co1s. 16-20 (I)Co1s. 1-5 (I) Cols. 6-10 (I) Cols. 11-15 (11 

Card 6 Card l for first wing) 

o. O. 

Col. 1-10 (LP. ) Col. 11-20 (F.P .) Cols. 21-30 

1llC (theta rotation) PHC (phi rotation) 

4 4 180. 

~o. of first So. of second 
corner 3 t bend corner at bend Angle of bend 

Cols. 21-30 (F.P. )Cols. 1-10 0) Cols. 11-20 (1) 

Card 8 Card 9 

1 72. 84. 264. 

2 72. 600. 672. 

3 72. 600. 768. 

4 72. 84. 588. 

X Y Z 

Col. 21-30 (F.P. )Col. 1-10 (F.P.) Col. 11-20 (F. P.) 

4. 3 

Type of plot 

I = field plot 
Inches of 2 = power plot 

desired plot 3 = d8 plot 

Cols. 11-12 (1) 

Title of plot 

Cols. 13-55 (Alpha-numeric)Cols. 1-10 (F. P.) 
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Antenna '1ount. - Bottom 
Polarization - Vertical 
Landing Gear - Up 
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.PREDICTED 
- - - MEASURED 

MEAN AND STANDARD DEVIATION 
(RELATIVE dB VALUES) 

j..l 

cr 
= 3.5 dB 
= 2.1 dB 

Figure B-7. Boeing 727 elevation plane (E-PHI). 

76
 



FAA-RD-77-121 Appendix B 

TABLE B-7 

BOEING 727 ELEVATION PLANE 

Card 1 Card 2 

2 4 I. 

No. of "lings ~o. of edges/wing 

Co1s. 11-20 ( I) 

Frequency in GH. 

Co1s. 21-30 (F .P.)C01s. 1-10 (I) 

90. 84. 1 

X-dimension of 'I-dimension of 
fuselage fuselage No. of Sources 

Col s. 1-10 (F .P.) Co1s. 11-20 (F .P.) Cols. 21-30 (I) 

Card 3 

2 O. o. O. I. O. 

Type of antenna 
Slot = 1 Radial 
monopole = 2 

Angle slot 
with Z~axis 

Angular position 
of source 

Co1s. 21-30 (F .P.) 

Z-coordinate 
of source 

Col s. 31-40 (F. P.) Co1s. 

W1-1 

41-50 (F. P.) 

WP 

Co1s. 51-60Co1s. 1-10 (I) Co1s. 11-20 (F .P.) 

Card 4 Card 5 

F T T 

Additional "rite Pattern plotted by Is flat plate 
out desired pen plotter considered? 

(T or F) (T or F) 

Col. 10 

(T or F) 

Col. 15Col. 5 

89 89 89 2 

.Initial ,'alue Final value Incremental Incremental 
of theta of theta step in theta step in phi 

in degrees in degrees in degrees in degrees 

eols. 16-20 (I)Co1s. 1-5 (I) Co1s. 6-10 (I) Co1s. 11-15 (I) 

Card 6 Card lfor first wing) 

90. 90. 

Col. 1-10 (F.P.) Col. 11-20 (F.P.) 

POC (phi rotation) 

Cols. 21-30 

TIle (theta rotation) 

4 4 180. 

No. of first No. of second 
corner at bend corner at bend Angle of bend 

eols. 1-10 (I) Co1s. 11-20 (I) Cols. 21-30 (F.P.) 

Card 8 Card 9 

84. 264.1 72. 

600. 672.2 72. 

600. 768.72.3 

588.4 72. 84. 

ZX Y 

Col. 21-30 (F .P.)Col. 1-10 (F.P.) Col. 11-20 (F.P.) 

4. 3 

Type of plot 

1 = field plot 
Inches of 2 = power plot 

desired plot 3 = dB plot 

Co1s. 11-12 (I) 

Title of plot 

Co1s. 13-55 (Alpha-numeric)Cols. 1-10 (F.P.) 

For Additional Wings 

Card 

180. 

Card 8 

I. 72. -84. 264. 
2. 72. -600. 672. 
3. 72. -600. 768. 
4. 72. -84. 588. 
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Antenna ~·lount - Bottom 
Polarization - Vertical 
Landing (;ear - Up 
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Figure B-8. Boeing 727 azimuth plane (E-THETA). 
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TABLE B-8 

BOEING 727 AZIMUTH PLANE 

Card 2Card I 

2 4 I. 

No. of ~ings ~o. of edges/wing Frequency in GH: 

C\lIs. 1-10 (I) Cols. 11-20 (I) Cols. 21-30 (F .P.) 

90. 84. I 

X-dimension of Y-dimension of 
fuselage fuselage No. of Sources 

Cols. 1-10 (F.P.) Cols. 11-20 (F. P.) Cois. 21-30 (I) 

Card 3 

2 O. O. O. I. O. 

Type of antenna 
Slot : I Radial 
monopole: 2 

Angle slot 
with Z-axis 

Angular position 
of Source 

Z-coordfnate 
of source Wi't WP 

Cois. 1-10 (I) Cois. 11-20 (F.P.) Cois. 21-30 (F.P. ) Co1s. 31-40 (F.P. ) Cols. 41-50 (F.P.) Cols. 51-60 

Card 4 Card 5 

F T T 

Additional "·rite Pattern plotted by I 5 flat plate 
out desired pen plotter cons idered '? 

(T or F) (T or F) (T or F) 

Cel. 5 Col. 10 Col. IS 

90 90 90 2 

Initial \"alue Final value Incremental Incremental 
of theta of theta step in theta step in phi 

in degrees in degrees in degrees in degrees 

Cols. 1-5 (I) Co1s. 6-10 (I) Cols. 11-15 (I) Co1s. 16-20 (I) 

Card 6 Card 7 (for first wing) 

90. O. 

Col. 1-10 (F.P.) Col. 11-20 (F.P.) Cois. 21-30 

llIC (theta rotation) PHC (phi rotation) 

4 4 180. 

No. of first ~o. 0 f second 
corner at bend corner at be:ld Angle of bend 

Cols. 1-10 (I) Cois. 11-20 (I) Cols. 21-30 (F.P.) 

Card 8 Card 9 

3I 84. 264. 4. '72. 

2 672.72. 600. Type of plot 

3 72. 600. 768. I : field plot 

4 2 = power plotInches of 
desired plot 

84. 588.72. 
Title of plot 

X 
3 ~ dB plot 

Z 
Cois. 1-10 (F.P.) 

Y 
Cois. 13-55 (Alpha-numeric) 

Col. 1-10 (F.P.) 
Cois. 11-12 (I) 

Col. 21-30 (F .P.)Col. 11-20 (F .P.) 

For Additional Wings 

Card 

4 180. 

Card 

I. 71: -84. 264. 
2. 72. -600. 672. 
3. 72. -600. 768. 
4. 72. -84. 588. 
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FAA-RD-77-l2l Appendix B 

Antenna ~lount - Bottom 
Polarization - Vertical 
Landing Gear . Down 

MEAN AND STANDARD DEVIATION 
(RELATIVE dB VALUES) 

jJ = 5.8 dB 
o = 3.9 dB 

PREDICTED 
- - - MEASURED 

Figure B-9. Cessna 150 roll plane (E-PHI). 
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TABLE B-9 

CESSNA 150 ROLL PLANE 

Card I Card 2 

2 4 1. 

No. of wings So. of edges/wing Frequency in GHz: 

C~ls. 1-10 (I) Cols. 11-20 (I) Cols. 21-30 (F.P.) 

25. 20. I 

X-dimension of Y-dimension of 
fuselage fuselage 

Cols. 11-20 (F. P.) 

No. of Sources 

Col •• 21-30 (I)Cols. 1-10 (F.P. ) 

Card 3 

2 O. O. O. 1. O. 

T)-p. of antenna 
Slot· I Radial 
monopole. 2 

Angle slot 
with Z-axis 

Angular position 
of source 

Cols. 21-30 (F. P.) 

Z-coordinate 
of source 

Cols. 31-40 (F.P.) Cols. 

liM 

41-50 (F. P.) 

liP 

Cols. 51-60Cols. 1-10 (I) Cols. 11-20 (F.P.) 

Card 4 Card 5 

F T T 

Additional I\ri te Pattern plotted by Is flat plate 
out desired pen plotter considered ? 

(T or F) (T or F) (T or F) 

Col. 5 Col. 10 Col. 15 

90 90 90 2 

Initial value Final value Incremental Incremental 
of theta of theta step in theta step in phi 

in degrees in degrees in degrees in degrees 

Cols. 1-5 (I) Cols. 6-10 (I) Cols. ll-15 (I) Cols. 16-20 (I) 

Card 6 Card 7 (for first wing) 

o. O. 

Col. 1-10 (F.P. ) Col. 11-20 (F.P.) Cols. 21-30 

lllC (theta rotation) PHC (phi rotation) 

4 4 180. 

No. of first No. of second 
corner at bend comer at be:1d Angle of bend 

Cols. 1-10 (I) Cols. 11-20 (I) Cols. 21-30 (F.P.) 

Card 8 Card 9 

I -9.-24. 18. 

2 -6.-24. 192. 

3 36.-24. 192. 

4 54.-24. 18. 

y ZX 

Col. 1-10 (F .P.) Col. 21-30 (F. P.)Col. 11-20 (F .P.) 

4. 3 

Type of plot 

I = field plot 
Inches of 2 = power plot 

desired plot 3 = dB plot 

Cols. ll-12 (I) 

Title of plot 

Cols. 13-55 (Alpha-numeric)Cols. 1-10 (F.P.) 
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Antenna ~lount - Bottom 
Polarization - Vertical 
Landing Cear - Down 
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Figure B-lO. Cessna 150 elevation plane (E-PHI). 
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FAA-RD-77-121 Appendix B 

TABLE B-10 

CESSNA 150 ELEVATION PLANE 

Card I Card 2 

2 4 I. 

No. of wings 1'0. of edges/wing Frequency in CHz 

C.:lls. 1-10 (I) Cois. B-ZO (I) Cols. 21-30 (F.P.) 

25. 20. I 

X-dimension of Y-dimension of 
fuselage fuselage 

Cols. B-20 (F.P.) 

No. of Sources 

Cois. 21-30 (I)Cols. 1-10 (F.P.) 

Card 3 

2 O. O. O. I. O. 

T)-pe of antenna 
Slot • 1 Radial 
monopole • 2 

Angle slot 
with Z-axis 

Angular position 
of source 

Z-coordinate 
of source 

Cols. 31-40 (F.P.) Cols. 
""" 
41-50 (F .P.) 

WI' 

Cols. 51-60Cols. 1-10 (I) Cols. B-20 (F.P.) Cols. 21-30 (F.P.) 

Card 4 Card 5 

F T T 

Additional ,,"rite Pattern plotted by Is flat plate 
out desired pen plotter considered? 

(T or F) (T or F) (T or F) 

Col. 5 Col. 10 Col. 15 

89 89 89 2 

Initial value Final value Incremental Incremental 
of theta of theta step in theta step in phi 

in degrees in degrees in degrees in degrees 

Cols. 1-5 (I) Cols. 6-10 (I) Cois. B-15 (I) Cols. 16-20 (I) 

Card 6 Card 7 lfor first wing) 

90. 90. 

Col. 1-10 (F.P.) Col. B-20 (F.P.) 

PHC (phi rotation) 

Cols~ 21-30 

TIlC (theta rotation) 

4 4 180. 

No. of first No. of second 
corner at bend corner at bend Ang I e of bend 

Cols. 1-10 (I) Cols. B-20 (I) Cols. 21-30 (F.P.) 

Card 8 

I 18. -9.-24. 

2 -24. 192. -6. 

3 -24. 192. 36. 

4 -24. 18. 54. 

ZX Y 

Col. 21-30 (F.P. )Col. 11-20 (F.P.)Col. 1-10 (F .P.) 

4. 3 

Type of plot 

I = field plot 
Inches of 2 = power plot 

desired plot 3 = dB plot 

Cois. B-12 (I) 

Title of plot 

Cols. 13-55 (Alpha-numeric)Cois. 1-10 (F.P.) 

For Additional Wings 

Card 

180. 

Card 8 

I. -24. -18. -9. 
2. -Z4. -192. -6. 
3. -24. -192. 36. 
4. -24. -18. 54. 
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Antenna 'Iount - Bottom 
Polarization - Vertical 

.... '-_ ..... Land i ng Ce ar . Down 
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(J = 2.3 dB 

Figure B-ll. Cessna 150 azimuth plane (E-THETA). 
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TABLE B-ll 

CESSNA 150 AZIMUTH PLANE 

Card I 'Card 2 

2 4 I. 

No. of wings ~o. of edges/wing Frequency in GHz; 

Cvls. 1-10 (I) Cois. 11-20 (I) Cois. 21-30 (F .P.) 

25. 20. I 

X-dimension of Y-dimension of 
fuselage fuselage 

Col s. 11-20 (F. P.) 

No. of Sources 

Cois. 21-:10 (I)Cois. 1-10 (F. P.J 

Card 3 

2 O. O. O. I. O• 

Type of antenna 
Slot = I Radial 
monopole = 2 

Angle slot 
with Z-axis 

Angular pasi ticn 
of source 

Cols. 21-30 (F. P.) 

.. 

Z-coordinate 
of source 

Co1s. :11-40 (F. P.J eols. 

Wl-I 

41-50 (F. P.) 

WP 

Cois. 51-60Cols. 1-10 (I) Cois. 11-20 (F.P.) 

Card 4 Card 5 

F T T 

Additional l\rite Pattern plotted by Is flat plate 
out desired pen plotter cons idered? 

(T or F) (T or FJ (T or F) 

Col. 5 Col. 10 Col. 15 

90 90 90 2 

Initial \'alue Final value Incremental Incremental 
of theta of theta step in theta step in phi 

in degrees in degrees in degrees in degrees 

eols. 16-20 (I)eols. 1-5 (I) Cois. 6-10 (I) eols. !l-IS (I) 

Card 6 Card -: l lor first wing) 

90. O. 

Col. 1-10 (F.P.) Col. 11-20 (F. P.) 

PHC (phi rotation) 

eols. 21-30 

TIle (theta rotation) 

4 4 180. 

~o. of first ~o. of second 
corner at bend corner at be~d Ang I e of bend 

Cols. 1-10 (I) Cois. !l-20 (I) Cois. 21-30 (F .1'.) 

Card 8 Card ~ 

I 

2 

3 

4 

-24. 

-24. 

-24. 

-24. 

18. 

192. 

192. 

18. 

-9. 

-6. 

36. 

54. 

X Y 2 

Col. 1-10 (F. P.) Col. 11-20 (F. P.) Col. 21-30 (F. P.J 

4. 3 

Type of plot 

I = field plot 
Inches of 2 = power plot 

desired plot :I = d8 plot 

Cois. 11-12 (I) _.._

Tit Ie of plot 

Cois. 13-55 (Alpha-numeric)Cois. 1-10 (F. P.) 

For Additional Wings 

Card 

180. 

Card 

I. -24. -18. -9. 
2. -24. -192. -6. 
3. -24. -192. 36. 
4. -24. -18. 54. 
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FM-RD-77-121 Appendix B 

Antenna flaunt - Top 
Polarization - Vertical 
Landing Gear - Up 

MEAN AND STANDARD DEVIATION 
(RELATIVE dB VALUES) 

]J = 2.1 dB 
(J = 3.2 dB 

PREDICTED 
- - - MEASURED 

Figure B-12. F-4H roll plane (dB plot; E-PHI). 
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'\"T l''''''' ',1ount - '1'01' 
~)(.)larl :at ion Vert ical 
1.;1I1U l",~ i:l'ar . Up 

~--r--~ 

.84 

PREDICTED 
- - - MEASURED 

Figure B-13. F-4H roll plane (field plot; E-PHI). 
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FAA-RD-77-121 Appendix B 

TABLE B-12 

F-4H ROLL PLANE 

Card 1 Card 

2 6 l. 

No. of ... ings ~o. of edges/wing 

Cols. 11-20 (1) 

Frequency in GH: 

Col s. 21-50 (F.P.)Culs. 1-10 (1) 

52. 44. 1 

X-dimension of 'I' -dimension of 
fuselage fuselage 

Cols. 11-20 (F.P. ) 

No. of Sources 

Cols. 21-30 (1)Cols. 1-10 (F.P. ) 

Card 3 

2 O. O. O. 1. O. 

Type of antenna 
Slot = 1 Radial 
monopole = 2 

Angle slot 
with Z-axis 

Angular position 
of source 

Cols. 21-30 (F.P.) 

Z-coord inate 
of source 

Cols. 51-40 (F.P. ) Cols. 

Wl-I 

41-50 (F.P.) 

WI' 

Cols. 51-60Cols. 1-10 (1) Cols. 11-20 (F.P.) 

Card 4 Card 5 

F T F 

Additional "rite Pattern plotted by Is flat plate 
out desired pen plotter considered ? 

(T or F) (T or F) (T or F) 

Col. 5 Col. 10 Col. 15 

90 90 90 2 

Initial value Final value Incremental Incremental 
of theta of theta step in theta step in phi 

in degrees in degrees in degrees in degrees 

Cols. 1-5 (1 ) Cols. 6-10 (1) Cols. 11-15 (1) Cols. 16-20 (1) 

Card 6 Card 7 (for first wing) 

O. O. 

Col. 1-10 (F .1'.) Col. 11-20 (F. P.) Cols. 21-30 

TIlC (theta rotation) PHC (phi rotation) 

2 5 167. 

No. of first No. 0 f second 
corner at bend corner a t bend Angl e of bend 

Cols. 1-10 (I) Cols. 11-20 (I) Cols. 21-30 (F.P.) 

Card 8 

3 

4 

5 

6 

-32. 44.1 

-32. 153.2 

237.-52. 

-32. 237. 

-32. 153. 

-32. 44. 

X Y 

Col. 11-20 (F. P.)Col. 1-10 (F .1'.) 

Card 

-6. 

102. 

192. 

257. 

225. 

204. 

Z 

Col. 21-50 (F .P.) 

4. 3/1 

Type of plot 

1 = field plot 
Inches of 2 = power plot 

desired plot 5 = dB plot 

Cols. 11-12 (I) 

Title of plot 

Cols. 13-55 (Alpha-numeric)Cols. 1-10 (F.P.) 
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'\111 ,'nl1;1 'hH1111 I\llttom 
110 I ar'j .:Ht i (1I1 \'('rf ica I 
Land i IlV. I ;l':11' III' 

PREDICTED 

Figure B-14. F-4H elevation plane (dB plot; E-PHI) .. 
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FAA-RD-77-l2l Appendix B 

Antenna Mount - Top 
Polarization - Vertical 
Landing Gear - Up 

PREDICTED 

Figure B-15. F-4H elevation plane (field plot; E-PHI~. 
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FM-RD-77-121 Appendix B 

TABLE B-13 

F-4H ELEVATION PLANE 

Card I .Card 2 

6 I. 

No. of wings Xo. of edges/wing 

Cols. 11-20 (I) 

Frequency in GHz 

Cols. 21-30 (F.P. )C"ls. 1-10 (I) 

52. 44. 

X-dimension of Y-dimension of 
fuselage fuselage No. of Sources 

Cois. 1-10 (F.P. ) Cois. 11-20 (F .P.) Cois. 21-30 (I) 

Card 3 

2 O. O. O. I. O. 

T)"pe of antenna 
Slot = I Radial 
monopole = 2 

Angle slot 
with Z-axis 

Angular position 
of source 

Cols. 21-30 (F.P. ) 

Z-coordinate 
of source 

Cols. 31-40 (F. P.) Cols. 

Mol 

41-50 (F. P.) 

WP 

Cois. 51-60Cois. 1-10 (I) Cols. 11-20 (F.P.) 

Card 4 Card 5 

F T F 

Additional ""rite Pattern plotted by Is flat plate 
out desired pen plotter considered? 

(T or F) (T or F) 

Col. 10 

(T or F) 

Col. 13Col. 3 

89 89 89 Z -
Initial \'alue Final value Incremental Incremental 

of theta of theta step in theta step in phi 
in degrees in degrees in degrees in degrees 

Cois. 16-20 (I)Cois. 1-5 ( I) Cois. 6-10 (I) Cols. 11-15 (I) 

Card 6 Card -: l for first wing) 

90. 90. 

Col. 1-10 (F.P~) Col. 11-20 (F. P.) 

PHC (phi rotation) 

Cois. 21-30 

THC (theta rotation) 

2 5 167. 

~o. of first ~o. of second 
corner 3 t bend corner at be:1d Angle of bend 

Cols. 1-10 (I) Cols. 11-20 (I) Cois. 21-30 (F.P. ) 

Card 8 Card 

I -32. 

2 -32. 

3 -32. 

4 -32. 

5 -32. 

6 -32. 

X 

Col. 1-10 (F.P.) 

44. 

153. 

237. 

237. 

153. 

44. 

Y 

Col. 11-20 (F .P.) 

-6. 

102. 

192. 

237. 

225. 

204. 

Z 

Col. 21-30 (FeP.) 

4. 3/1 

Type of plot 

I = field plot 
Inches of 2 = power plot 

desired plot 3 = dB plot 

Cols. 11-12 (I) 

Title of plot 

eols. 13-55 (Alpha-numeric)Cols. 1-10 (F .P.) 

For Additional Wings 

Card 

167. 

Card 

I. -32. -44. -6. 
2. -32. -153. 102. 
3. -32. -237. 192. 
4. -32. -237. 237. 
5. -32. -153. 225.
6. -32. -44. 204. 
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.",... ...... _----.... 
~ Antenna Mount - Top 

,.,....... Polarization - Vertical 
/ Landing Gear -~P 
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 - - - MEASURED 

IJ = 2.4 dB
 
cr = 1.4 dB
 

Figure B-16. F-4H azimuth plane (dB plot; E-THETA). 
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