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ANTENNA DESIGN AND DEVELOPMENT FOR THE MICROWAVE SUBSYSTEM

EXPERIMENTS FOR THE TERMINAL CONFIGUREn VEHICLE PROJECT

By

Jacob Becher l , Norman Coheri, and Jim Rublee3

INTRODUCTION

The increase of airport usage and advances in technology have shown

the need to examine new methods for improving aircraft control in the

terminal area. New methods of transferring information between ground

systems and aircraft are being devised and tested to provide extremely

accurate position data and approach control. The Terminal Configured

Vehicle Project Office (TCVPO) at NASA/Langley Research Center (LaRC)

is presently involved in testing and evaluating some of these systems.

Three of these systems are described below:

1. Bendix Microwave Landing System (MLS): The MLS is a nonvisual,

precision approach and landing system. One :such system will be tested

and evaluated by the TCVPO using the NASA/ LaRC Boeing 737.

2. Flight Display Research System (FDRS): This is a ground-based

system that develops visual indicators and cues which are transmitted

to an aircraft via an FM/TV microwave link where the received signals

are presented in visual flight displays for the pilot.

3. Transponder Data System (TDS): The TDS is a unified command

telemetry and radar system which uses the existing C-band radar link for

telecommunication purposes.

To evaluate any air-to-ground communication system, it is essential

to examine the multipath effects (refs. 1 - 1S).. These effects are the algebraic

1 Associate Professor of Physics, Old Dominion University, Norfolk,
VA 23508

Research Associate, Old Dominion University Research Foundation,
P.O. Box 6369, Norfolk, VA 1-3508

3 Consultant



summation of all the reflected radiation arriving at the antenna which is to be

included with the direct ray. These effects can be siginificant depending

on the gecmetry of the reflecting surfaces and the directional gain of

the receiver/transmitter antenna. It is important to note that the

airport radar antennas are highly directional. The main signal is

transmitted and received at substantially higher gains compared to the

reflected radiations since the reflected signals generally arrive at angles

greater than the acceptance angle of the antenna. The reflected signal

arriving within the acceptance angle of the antenna, or any antenna having

large side lobes, interferes with the main signal, occasionally producing

nulls. For a given aircraft position, the direction of the reflected

signal is determined by the location of antenna relative to the neighboring

reflecting surfaces. The magnitude of the reflected signal depends

largely on the texture of the surfaces, which determines the extent of

specular reflection. Thus the relative position of the aircraft to

antenna determines the active reflection surface, and the specular

contribution is examined by evaluating reflection coefficients and phase

shifts. These are determined for a specific transmitting frequency

with the aid of surface characteristics such as permittivity and

conductivity.

This report examines the feasibility of classifying the terminal

area for multipath effects, i.e., fade-out potentials or limits of video

resolution. To do this, established transmission links in terminal areas

were modeled for landing approaches and overflight patterns. This model

was applied to evaluate the signal transmission obtained from a B-737

flight with additional signal strength monitoring equipment. The test

was conducted at Wallops Flight Center because of airfield availability,

the fact that there are no commercial activities there, and because the

terminal area consists mostly of concrete and fiat land with oniy a few

potential obstructions in the signal's path.

THEORY

Flat Earth Consideration

The terminal communication system at Wallops Flight Center consists

of a highly directional antenna and an omnidirectional antenna on the

aircraft. The airport terminal surrounding geography (see fig-. 1)

F
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consists mainly of concrete. The obstructions constitute the problem in

simulating the simple surface that is assumed to be completely uniform.

Thus, assuming flat and specular reflection and no atmospheric absorptions,

the transmission/reception is equated to the Lloyd's mirror interferometer

studies in optics. In this case the reflection coefficient depends on trans-

mitting frequency, the angle of incidence, permittivity of the reflecting

surface, and ground moisture content. The reflection coefficient and

the phase change at the reflection for either a vertically or horizontally

polarized electromagnetic field are defined by the following equations,

known as Fresne!'s Formulas:

^lR__ a pVe 
-imV , 

y2sin ti -	 y2 - cos t Y
_

	

	 (1)

y2sin Y + y2 __ CO32  
Y

R_H_ = OHe-ioH = sin Y - VYT _ _CO5
2 Y	 (2)

sin Y + Vy 2 - cos 2 Y

where RV and RH are complex reflection coefficients for vertical and

horizontal polarizations, respectively; p 	 and pH are the magnitudes

of vertical and horizontal reflection; 0V and 0  are the magnitudes
of vertical and horizontal reflection phase shift, Y is the grazing

angle, and y is the normalized admittance, defined by

FY 
	

(3)

The Earth ' s relative complex dielectric constant 
Erc 

characterizes the

interface in mks units and is expressed as follows:

Erc	
e - (i 60 Na)	 (4)0

r

	

	 Where A is the wavelength in meters, o is the material ' s conduction in
ohms per meter, and a is the earth ' s permittivity. The magnetic
permittivity, urc , can be set equal to 1 for air-to-ground interface.

Figure 2 illustrates the conditions associated with the direct and
reflected waves for the following conditions:

4
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Figure 2. Conditions associated with direct and .reflected waves.
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( r l. + r2) 2 ` D2 + ( h l + h2)2

d 2 n D2 + (h2 - hl)2

d	 (rl + r 2 ) - d	
V °2 + (h

2 + h l ) 2 -	 D2 + (h	 (7)

h + h

tan y =	 l D 
2	

(g)

Where hl is height of the ground antenna, h2 is the height of the

aircraft, and D is the horizontal distance between the aircraft anri

ground antenna.

Illustrated in figure 3 is the relationship o P the direct wave

E 
	 and the reflected wave IRIE 0 which results in the vector sum E.

The phase shift ^ is the sum of the reflection phase shifts and the phase

shift due to path difference 2n6/a.

D =	 (x2 - x0 2 + (y2 - yl)2

where (xl, yl) and (x 2 , Y 2 ) are the positions in the horizontal plane

of the antenna and the aircraft, respectively. Then

= 2nd +

a

Note that for vertical polarization 0 = mV 
and for horizontal polarization

0 = OH . By referring to figure 3 and applying the law of cosines, we

find the ratio of E/Eo can be found by

E2 = E2
0
	 E 2 1RJ 2 - 2E21RIcos

E2 = E 2
0
(1 + JRI 2 - 21RIcos ,y)

with cos ^ _
1 + cos

-

(9)

(10)

E2 = E 2
0
(1 + JR1 2 - 41RIcos2 i = 2IRI)

E FIRI )2 - 4IRIcos 2 ; ^
0

01)



E
0

Figure 3. Relationship of the direct wave E 	 and the reflected wave
IRIE0 which results in the vector°sum E.



To present a relative dB value for the resultant amplitude, the transmitted

signal (60 ) is assumed to be 1, and the ratio value of E/E o iF expressed as

E n 20 log
10 C' ' 

+ IRI)2 - 41RI cos t ^ )	 (1')

Irregular Terrain

The divergence of energy upon reflection from a spherical surface

has to be included only when a large distance exists between the antenna

and aircraft. This divergence reduces the amount of energy seen by the

receiver. In more precise terms, the curved surface reflection coefficient

R 
	 is effectively reduced from that of a plane surface by the degree

of curvature depicted by a divergence coefficient Dv':

R a D R
C	 v o

The resulting formula taken from reference 1

-1/2
1r l r 2	 .rI r2

Dv 
a 1
	 a(r l • r 2 ) sin Y]	

[ I
 + b(r, + r2)	

(Id)
[

is general and may be applied to any form of the earth's surface.

Figure 4 is provided for correlation of the terms of equation (14);

rl is the distance from the transmitter T to the point of reflection 1;

r2 is the distance from the receiver R to the point of reflection I;

Y is the grazing angle of the incident ray, and a and b are the radii

of curvature of the intersections of the earth and two vertical planes

perpendicular to the direction of propagation. The calculation of the

divergence coefficient must be considered separately for either the

curved earth or curved terrain. In calculating the model for a curved

earth surface, the variables a and b can be considered as constants.

The values of the variables rl and r 2 are found by equations (15)

and (16):

r	 sin Y
1 ° II I

• The derivation of the divergence coefficient Dv is based on the laws of
geometrical optics and can be found in chapter 11 of reference 1.

8
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Figure 4. Correlation of the terms of equation (14).



sin Y
r 2

n --W--

For the case of irregular terrain, the values of a and b are

calculated for each transmitter/receiver position and the resulting point

of ref l ection. Points on four sides of the point of reflection and located

on ..s lines of intersection of the surface of the earth and two vertical

planes perpendicular to the direction of propagation (as illustrated in

fig. 3) are used to determine a and b.

2Y + z2
a=

2z

b = 
x2 + z2

2z

Since our concern centered on communication around the airport, coefficient

Dv has been set equal to 1. Therefore, R . = Ro.

Additional Reflecting Objects

The basic reflection model considers the earth as a flat reflector;

thus there exists a single reflection path. To consider airport Structure,

one would have to add mostly vertical surface, which would create additional

reflecting paths. Figure 5 illustrates the additional reflection points.

A limited number of planes could be introduced to model the terminal

area. These additional reflection points would create reflected waves

which would have to be incorporated into the calculation of combined

signal. Once the geography of the terminal area is approximated by a

number of planes, the problem is to determine at what position of the

aircraft the planes contribute to the reflected wave. To calculate the

contribution one has to consider the plane produced by the antenna

position, aircraft position, and the normal to the reflecting plane.

Here the reflected wave polarizations have to be incorporated; otherwise

the calculation is similar to the reflection from the earth.

Although additional reflections must be given thorough consideration,

the influence of those reflections on the received signal has to be

determined for each individual case. The ground reflection points during

(16)

(17)

(18)
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Figure S. Multiple reflection paths.
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an aircraft's landing, based on the fact that the antenna is about

91 m (300 ft) above ground, are found to be between 30 and 610 m

(100 and 2000 ft) from the ground. antenna. Tall buildings could be

much further and still :,omtribute to the reflected signal. Such buildings

might therefore necessitate a change in the gain profile of the receiver/

transmitter to limit their influence. In this simulation extra structures

were not incorporated.

COMPUTER PROGRAM

Description

A computer program was written to obtain signal strength based on a

described flight path. The general terminal environment was taken into

consideration through parameters such as the surface-to-air permittivity

of the landing approach path and the specific antenna pointing position

as it tracks the approaching aircraft so as to include the variations

in gain.

The program is provided with two options to define the flight path:

option I consists of specifying up to 2,000 points with (x,y,z), and

option II specifies up to 7 headings and radial distance (ri t al i t f i t Yi)

where r 	 stands for the radial distance and the angles (a i , 6 
i 

Yi)

provide the direction cosines for that heading. Using option II, the

program generates up to 2,000 equally spaced points describing the flight

path. At this point, the program has been written to adjust the flight

path to take into account the antenna position and pointing direction which

is tracking the aircraft. Since the antenna position and pointing direction

depend on the position of the aircraft, it is necessary to determine

the receiver position at each point. For each position the program

calculates the direction cosines of the direct and the reflected beams.

For each position, the grazing angle Y is calculated first,

followed by R V
, RH , ^V , and ^ H ; R

V 
and R 	 are the coefficients

for vertical and horizontal polarization, and y 0H are phase shifts

introduced due to reflection. At this point the path difference is

obtained between the direct and the reflected wave and is used in calcu-

lating a phase shift produced between these beams. At this point there

12
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are again two options for selecting the potential antenna: (1) an

omnid_rectional receiving antenna and (2) a specified gain antenna.

In the first option, the previously calculated phase shift and the

appropriate reflection coefficients are used to obtain the signal E/Eo

at each point on the flight path. The second option takes into account

the previously specified gains along the direction. Thus, using the orien-

tation determined earlier in the program, the amplitudes of the direct

and the reflected waves are calculrk , '. This information is then used

to obtain the addition of the two v. ­. — to determine E/Eo , taming into

consideration the relative phase shift between the direct and reflected

waves and thus obtaining signal strengths at the 2,000 points on the

flight.

It was desirable to obtain a method for determining the influences

of various parameters in the receiving signal and to determine the accuracy

of the program. Therefore the program was designed to provide a number

of different displays, plotting the previously calculated parameters

as functions of each other. This option was made available through a

conversational mode by specifying the names of the variables which were

to be exhibited as functions o!` other variables.

Analyzing and Testing

Testing of the program was performed using special flight approaches

and assuming special reflecting surfaces. These tests examined whether

the program properly calculates the reflection coefficients for vertical

and horizontal polarization. In the first test it is worth noting that,

in equations (L') and (2), assuming cost y = ,y2 , the reflection coefficients

should be equal to one. This test was easy to perform by setting the

values of o to 10 -3 and the permittivity e = 4. The above parameters

,yield a value for cos y' = 1/2 which produces an approach angle of

approximately 80°. The results of this test, shown in figure b, demon-

strate that the reflection coefficients R V , R  along the path are

in fact equal to one. A second way of determining whether the reflection

coefficients R 	 and RH are calculated properly is to set y2 to

infinity in equations (1) and (2). This diminishes the significance of

cos` Y and thus reduces the expressions for RH and P.v to 1. This

13
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test was performed by setting the permittivity 
Erc = 10

12 and letting the

program calculate the reflection coefficients for the total path. The

results for this test are shown in figure 7, which again verified the

program's calculated values. A third test was performed to determine

whether Brewster's angle B, which is defined as the angle of incidence

where minimum reflection for vertical polarization occurs accompanied by

a phase shift of 90 ° relative to the phase of the incident wave, was
being calculated properly. Note that setting the grazing angle in

equation (1) so that

tan Y = 
1 (16)

produces RV = 0. This test was performed setting a = 0 while maintaining

level flight as the aircraft approached the receiving antenna. Thus

the position of Brewster's angle along the approach path was determined:

12
+ h
	

tan B = Y =	
1	

Or	 D =	 Erc (h1 •' ham)D
	 r7ro—C

In fact, the program calculated value was at 9.291 km (5.0168 nmi),

compared to 9.257 km (4.99 nmi) obtained from the formula (see fig. 8).

Periodic Structure Analysis

The program was tested to determine if the periodic structure was

properly repeating. Examining the optical path difference determined by

equation (6),

= [ D2 + ( h 1 
+ 112)	

1/2

zJ	

- [D 2 + (h l - h2)2 
1/2

 1/2	 JJ	 1/2

Let p2	 hi + h2 + D 2 , then S = (p2 + 2h l h 2 )	 - (p2 - 2hlh2)
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Using the binomial expression and assuming p 2 >> 2h l h 2 , it follows that

(2h I h 2)	 ( 2h1h2)
6	 (P2 +	 +	 ) - (p2

2p	 2p

d v Z. hlh2 .	 2hlhp	 (19)
P	 (hi + hi , p2)1

Taking the derivative of 6 with respect to D, we obtain

d6	 2hjh2D

dD	 (h' + h 2 + D2)3/2

Noting that t _ `mod + t and assuming that we are in a region where

does not change rapidly, changes in phase would be due to 6. Setting

d6 = X should repeat the phase relation; thus the spacings between

minima S is given by

2	 2	 2 3/2

S = 
(hi2D+ D )	

a	 (2
2hh

1)
1 2

Further, assuming D >> h 2 and D >> h l , we have

S -	 D2 X	 (22)
2h1h2

This was tested using the program by examining the spacing at several

points along the path, and it was found to be in good agreement with the

calculated spacing [eqs. (21) and (22)]. Figure 9 shows an example of

the periodic structure.

Analysis of the Variation of Periodic Structure with Approach

Calculation of the variation in periodic structure with the aircraft's

approach provided some insight into multipath effects. Setting the flight

path level, variations were observed with large distances between the

aircraft and ground antenna, and satisfactory agreement was four,d in

comparing the program's spacing and that obtained by calculation [eq. (23)].

Examining the variations of spacing as a function of D, the

derivative follows:

i3
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3	 1/z	 3/2
dS = 2 (hi + hi + D2 )	 2D - (hj + h3 + D2)

2h 1 h 2 D	 2h1h2D2

which reduces to

dS = 21) 2 - hi - hj)(h + hi + D2)^

dD	
2h 1h 2V2

Setting the derivative equal to zero, we obtain a minimum spacing

between signal maxima.

2D2-hi-hj=0

reducing to

D2h' +h	 or	 D= h +ham

The observance of the minima was the final test of the program. It

was performed by setting the flight path level and examining the signal

variations at short distances between the antenna and the aircraft.

Here again satisfactory agreement was found between the location of

minimum spacing between signal maxima determined by equation (24)

and the calculation performed by the program.

OVERFLIGHT CHARACTERISTICS

Predicted Signal Strengths

Introduction.- A series of calculations was performed to evaluate

the potential problem areas arising from multipath interference. The

parameters used to evaluate signal strength dependence as a function of

horizontal distance were reflective surface characteristics, type of

polari:,ation, transmitter frequency, and overflight altitude. These

calculations were perfO Med for omnidirectional ground antenna and for the

directional antenna whose gain is given in figure 10. Since the signal

amplitude variations strongly depend on position of the aircraft rVlative

to the ground antenna, the detailed variations could best be brought

out by dividing the range 0,8 to 80 km (0.5 - 50 mi) into long distance

19 to 80 km (12 - 50 mi;, final approach 3 to 19 km (2 - 12 mi) and short

20
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range 0.8 to 3 km (0.5 - 2 mi). The distance of 80 km (50 mi) is consistent.

with the transmission horizon that can be evaluated by

D a	2Rh 1 •	 2Rh 2	2R{ hl+ Vh7

where D is the distance between the aircraft and ground antenna, R

the radius of the earth, h l the height of the ground antenna, and h2

the height of the aircraft. Using the above formula for an aircraft

altitude of 396 m (1300 ft) and ground antenna height of 1.5 m (4.8 ft),

a transmission horizon of 80 km (50 mi) is obtained.

Communication at 19 to 80 km (12 - 50 mi).- The analysis of signal

strength from 19 to 80 km is governed by the fact that the grazing angle

is relatively small for considered approaches up to 1524 m (5000 £t)

in altitude. This results in a phase shift due to reflection of nearly

180° for both vertical and horizontal polarization. Thus the location

of maxima and minima for both polarizations are determined b y the optical

paths' difference. For small grazing angles the reflection coefficients

for horizontal polarization are larger than for vertical polarization;

thus the former produces deeper minima and slightly higher maxima.

Figures Al to Ab (see Appendix A) show the reflection coefficient (phase

and amplitude) characteristics vs. grazing angle and frequency. Thus,

in the region from 19 to 80 km, the relative degree of the variation

could be estimated purely by examining the values of the amplitude coefficients.

Note the dependence of reflection coefficients and phase lag on polar-

ization and surface conditions. Actual examples of signals fo, both

antennas are presented in figures B1 to B20 and described in table B

(see Appendix B).

Communication at 3 to 19 km.- The signal strength in this region is

strongly influenced by the rapid variations of reflection coefficients

with aircraft position. There is a strong dependence on type of polar-

ization and reflecting surface characteristics. The reflecting phase lag

changes dramatically for vertical polarization over a small range of grazing

angles; therefore the onset of the phase lag has a significant effect on

communication. Up to the point where the phase lag change otters, the

2^



maxima and minima signal strength coincide in position for various surface

characteristics and types of polarization. However, once the phase lag

assumes a significant value, the relative positions of the maxima and

minirda for vertical polarization change relative to horizontal polarization.

This is shown in table C and figures Cl to C48 (Appendix C).

Communication at 0.8 to a km.- In this region the reflection coefficients

as well as the phase lag for vertical polarization vary dramatically. Since

the grazing angle increases rapidly, the oscillations of the signal are

generally governed by the transmission frequency. The duration of nulls

are very low and their repetition can be rather high. This is exhibited

in table D and figur,.s D1 to D18 (Appendix D).

EXPERIMENTAL TEST

Description of Aircraft Antenna

Preflight studies for the Terminal Configured Vehicle (TCV) Project

were conducted at NASA/Wallops Flight renter, Wallops Island, Virginia.

'The TCV, a modified Boeing '3' jet, was equipped with highly flexible

display and control equipment, an aft flight deck for research purposes,

and stacked vertical antennas positioned on the top forward edge of the

vertical tail fin assembly (Appendix P). The -intennas were stacked to

provide omni coverage for each band without shadowing effects. Low loss

Andrew's FHJ-SO Heliax cable was installed between the antennas and the

receivers to increase the sensitivity for observing multipath fluctuations.

This minimized the transmission line loss over that of regular coax

by a factor of better than 3 dB. A receiver that has a wide AGC dynamic

range was installed in the plane for this flight (fig. 11).

Ground Antenna

The FPS-16 C-band radar complex was used for the prime tracking site

of the Microwave Landing System. An S-band parabolic antenna was mounted

to the side of the FPS-16 antenna to accommodate the Flight Display

Research System Appendix F). This S-band antenna was designed to provide

horizontal, vertical, left-hand circular, and right-hand circular polarizations.

A low-loss elliptical waveguide was run from the transmitter to the antenna

23
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to provide the lowest loss path possible. Figure 12 shows the mounting

arrangement of the antennas and the method of tracking the aircraft.

The antenna movement changes h l , the antenna's altitude, as a function

of aircraft position. The procedure used to calculate signal strength

compensated for the movement.

Flight Test

The inflight tests for the TCV project were conducted at NASA/Wallops

Flight Center on May 15, 1979. The modified TCV B-737 was used to fly

two paths, which consisted of three segments each. The second flight

path was to be a repetition of the first to provide confirmation for

comparison. It was desired to maintain constant altitude throughout

the flight. The first and fourth segments were to be flown away from the

ground antenna. The second and fifth segments were to maintain a fixed

distance from the ground antenna, and the third and sixth were to approach

the ground antenna. In actuality, only the first flight path and the

first two segments of the second were flown. Flight path repetition

was not completely achieved; however, some segments were of a sufficient

degree of closeness as to allow the desired comparisons. Level flight

could not be maintained to the degree desired, but the altitude changes

were gradual and therefore were linearly interpolated into the results.

Figure 13 shows the actual flight path the aircraft flew as it headed

south over water for a distance of approximately 93 km (50 nmi), turned

west till it was over land, and then headed back over land to the starting

point. Weather conditions changed the flight schedule, allowing one

complete flight profile to be conducted in the morning and the first

two legs of the profile in the afternoon on the return flight to

NASA/LaPC.

TEST ANALYSIS AND RESULTS

Data Analysis

During the flight the received signal strength was monitored and

recorded onboard the aircraft every 0.025 sec. Simultaneously, the

FPS radar tracked and recorded the aircraft position. Heading velocity

information and the FPS 16 data were used in monitoring aircraft positions.

ti	 a^'F .	ro. 3c'...,.n^aern..:.n3s...+ura.^..a_.v...,^e.,...._......._ ^..s.,._^.....^.,_..^.eyrt^..:,^.w^ .aY^u........w»xiW Y..iW, 	.	 e ^'.	 _
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Figure 12. Mounting arrangement of ground antenna and method of tracking
aircraft; dimensions are given in meters (feet).
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The FPS lb aircraft position was available in 10-sec increments in the

form of an X-Y plot and a time (altitude) plot on plotboard paper.

This resulted in significantly more received signal data points

(approximately 57,500) than flight aircraft position data points

(approximately 114/flight). Thus, the data had to be collated using

time as the reference variable. Using time as a common factor, the

aircraft position data and signal strengths were incorporated into a

set of 2000 points with signal strength and position determined for

each point.

Several problems were encountered in utilizing the aircraft position

data. The extraction of accurate aircraft position from the plotboard

paper was subject to inaccuracies due to scaling and print size.

Aircraft horizontal position (X-Y) was scaled at 1,800 m/cm (15,000 ft/in.),

and the 10-sec time marks were circular with a diameter of 0.13 cm (0.05 in.)

[229 m (750 ft)]. Aircraft altitude (Z) was scaled at 120 m/cm (1000 ft/in.)

with the same size time marks, 0.13 cm (0.05 in.) [15.2 m (50 ft)]. The

fact that the altitude data marks were folded back on themselves after

approximately 9 min of flight made the extraction of data from the presenta-

tion very difficult.

Using the previously determined 2000 points along the flight paths,

the program was used to calculate predictions for signal strength. It

is important to note that we were unable to do good initial referencing,

i.e., the variations should be used for comparison rather than as

absolute values. To obtain a proper simulation, the input parameters

to the program a and E had to be selected. The points of reflection

along the flight path were calculated to determine the Lctual reflecting

surface. The surface turned out to be solid earth (no reflection from

water); therefore a a -E combination of 0.00" 1 was chosen. These values

are typical for ground surface, where E range is 2 to 24 and the a range

is 0.0001 to 0.001 mhos/m depending on how dry or wet the ground is.

Calculations indicated the reflection point was in an area composed of

very dry and/or hard runway surface. No detailed study was made for individual

reflection points. To reduce complication in comparisons, each segment

of each flight was considered separately, ignoring the flight position

during which major changes in }reading occurred. The aircraft position

28



data from the second segment of the first flight was found to be unreliable

due to large breaks in the data; therefore only four segments were

prepared for comparison. Initial point-by-point comparison of actual

and computed received signals revealed Tittle useful information.

A much more suitable method of comparison was made by plotting the two

data sets against the horizontal distance between the ground antenna and

the aircraft. These plots are presented in figures i4 to 17 for actual

recorded signal and 18 to 21 for the theoretically predicted signal

strength.

Results

A coffparison of the actual and computed received signal shows

qualitative agreement. The computed signal had a cleaner appearance

with no amplitude distortions; however, several factors which affect

amplitude and distortion were not included in the computer simulation,

the most significant of these being the inverse square signal dependence

and extent of spectral reflection, scattering, absorption, and changes

in the index of refraction. Of greater interest is the comparison of

the signal oscillations, that is, the frequency of dropouts. The equation

for the received signal amplitude suggests the signal should be sinusoidal.

The major parameters controlling the frequenc y of dropouts are the

horizontal distance between the ground antenna and the aircraft and the

altitude of the aircraft. Comparison of actual and computed received

signals show good agreement in frequency of dropouts, particularly at large

horizontal distances. In order to understand why this agreement is best

at large distances, it is important to remember that, in our method of

determining position, the accuracy is fixed and therefore does not have

the same relative influence. Aircraft position is ±228.6 m (±750 ft)

for horizontal position and ±15.24 m (±50 ft) for altitude. Altitude is

the most significant parameter in the calculations. Improved agreement

was achieved by recomputing signal strength using horizontal distance

and actual altitude obtained from flight data rather than the FPS 16

antenna.
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FURTHER COMMENTS

An almost infinite number of inflight and ground situations can

exist which can affect signal amplitude fluctuations. Only limited

variations could be included in one experimental flight. The comparisons

made as a result of this flight and the agreement achieved lend confidence

and credibility to the simulation program developed. Since the overall

system under discussion relates to landing communications, the received

signal characteristics which exist during a landing profile are of

considerable importance. Results of this investigation using simulated

landing flight profiles generated questions which suggest the need for

including topography. It appears that the area where reflection occurs

is relatively small. This implies that it should be possible to model

the reflection surface area effectively. To establish the extent and

frequency of dropout, it will be necessary to perform a study which

incorporates topographic data about the area surrounding the receiving

site.

CONCLUSIONS

1. The agreement achieved between actual and computed received

signal indicates that the computer simulation for prediciing signal

amplitude f' . --ations is highly feasible.

T.,	 c ma_nematical model utilized seems to L 	 good first

approxi;-ation. Changes in the simulation to allow inclusion of such

param,_'ers as a and E as a function of reflection point location,

specular reflection, scattering, absorption, and index of refraction

will improve predictability of signal strengths.

3. This program, properly modified to consider the topography of

a site, could be used in the planning and geographic layou t_ of future

airport facilities which flan to use microwave landing systems.

4. Inclusion of antenna signal strength patterns in evaluating

the communication link could be very valuable in predicting a degree

of dropout.
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APPENDIX A

REFLECTION COEFFICIENT (PHASE AND AMPLITUDE) CY,ARACTERISTICS

VS. GRAZING ANGLE AND FREQUENCY
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TABLE A

FIGURE FREQUENCY	 REFLECTION COEFFICIENT REFLECTION PHASE

Al 1500 MHz	 3

A2 2220 MHz	 3

A3 5500 MHz	 3

A4 1500 MHz 3

AS 2220 MHz 3

A6 5500 MHz 3
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APPENDIX B

SAMPLE SIGNALS FOR BOTH VERTICAL AND !f0 %I:ANTAL

POLARIZATIONS IN THE 0.8 TO 80 K%+ wkNGE

k

4,



TABLE B

0.8 - 80 Km Range

FIGURE	 LAMBDA	 ALTITUDE*	 SIGMA	 EPSILON	 POLARIZATION	 GAIN

B1 0,2000 1000 ft 0.001 4 V no

B2 0.2000 1000 ft 0,001 4 1' ves

B3 0.2000 1000 ft 0.001 4 H no

B4 0,:000 1000 ft 4.000 80 V no

35 0.2000 5000 ft 0.001 4 no

B6 0.2000 5000 ft 0.001 4 yes

B7 0. 000 5000 ft 0.001 4 H no

G8 0,21000 5000 ft 4.000 80 V no

B9 0,1351 1000 ft 0.001 4 V no

B10 0.1351 1000 ft 0.001 4 H no

Bi l 0. 1351 1000 ft -1.000 R0 no

B;: 0,1351 1000 ft 0,001 4 yes

B13 0.1351 5000 ft 0.001 4 no

B1 . 1 0.1351 5000 ft 0.001 4 H no

B15 0,1351 5000 ft 4.000 80 %, no

B16 0.1351 5000 ft 0.001 4 V Yes

B1 - 0.0545 1000 ft 0.001 4 no

BIS 0.0545 1000 ft 0.001 4 V yes

B19 0.1154S 5000 ft 0.001 4 V no

B-1 0 0,0545 5000 ft 0.001 4 ves

1000 ft = 305 m, 5000 ft = IS24 m

48



CD	 m	 CD	 ^	 l9
...	 •+	 N	 M

1	 1	 1

0 • -0 M

WWWWWat
009DOMW
•mm^•^ rr^-.
On

Ndm
a
 1 =_

•	 Z 00mmla+m0 1
n u n 11 n •-•	 ^- a

Z Z La Q N^Wa0 ='+=2W=OJQ ►-aczaQ
Co m _ .r a W aG W
W = Vf V J I.- I.- aL
IRL 49L G6 0-
w -iw(A a

♦1

W

L4
C+
J

da

N

i•+

W

^.q

0

P:

N

49



mm—N1 ♦•-memo
**+  1 *1 1

-WWWWWK• O O m • W
••mmm^ _0"00000   1 0-0Z 00
mmO^Q10 1
q h 11 11 p «^	 M- 1
}-	 F- «» W

Z Z O N C W O-o
W Q O 0 -0 Z W=O.Ja 1-09 law
0m•+=^aWOCW
W =VftJM-J ►-1-OG
1i J W t/1

S	 (D	 co	 m
W4	 .r	 N	 f"9

1	 1	 1

5o

.^
S
W

W

v

S
^V

O

W
e

toWJ
.r3c
vM W

L'
1^-
C •

wwIII
N

CDA

W

.,J



a — M •
WWUJWWO-o
CD CD a (D 0 at000000 0•06-owwwax
N V CD 0- 1 c_

C5 0
0 (D CD 0 0 1

Li	 w C c
Z X a py a 0 V-0
WCO 00-0 X Z W
= a -j a O.-M z a uow•-=—awmw
w c w 0 1.- -1 go- I.- m^ 41WSM '%& W6 1 0 -A
U. j w (A <9

on

IC

4m

ci

.0%

CD

W
N%

W
CD

51



OmN•+ ♦^ 0 m m m
WWWWWaC
OmlaOmW

^NCOR® 1 =_• ^ 00Q^tDO9mO 1
11 N 11 11 u •-•	 /^ 1W
.ZW 2 ONQW•^-•4/Q0 =-2=WOOJa0-aczau
0m b-C V-+a WOW W
L 4WLA " I--Abmbe et
LKQO.0-4JIiJW(A#Z

d►	 s	 m	 'm	 m
W-0	 .-+	 N	 M

1	 1	 1

52

s
W
N
W
LS

J
0
^V

N
W
J
one
= m
v
W ^
= a

a

O

^^'.`: ". .....mot .r+. :^^.ay4i^alt •:.'..—. G'a .q ,.L 	^y



W CD 0 a
+ ♦ I ♦ P.-

LLI Ui LAJ LAJ Uj or.
0 CD dD dD OW
wowwm=o 0-69-
0 CD CD do a z z
WONVOO I 3r. c

Z 0 Q
OD 0 1

WaQ =0-*ZZW
= O.J a 0- w z a w
am—w—awmw
w c (A 0 1.- -1 Im- I.- m
Aw 'er in ow I IA 'r
w -i w 0 a CL a

(D
lw

C

ci
CD
tv

co
9-4

W

W Fr
J @ @ m N
04

CD

CD

Si



m®^+M ♦
+mmmm
♦ ♦ ♦ 1 ♦ H
W W W W W at
mmlDmmW
ul

N qwm10A 1 ..._Z 00
®CDm ^-+W0 1
11 11 11 11 11	 F- 1

S Z ONRV=f•r
W 41O ZUj
=OJQ ►-1t 2aV
Om0-=r+4zWOGW
W=VfV /--JN- ►-C9
QG Q ^ — ..a .-.
W J W Vf a

%W	 m	 %V	 m
.•.	 ..	 N	 M

1	 1	 1

I

W
N
W
V
U)
C^
J

^V

•
LA

m

V!
W
J

JC i
tor'f W

CC
11-

CA

O
9
.V

ID
po

9

S •1



m m •+ M ^I

♦ ♦ ♦ 1 +N
W W W W W a"

CD 0 0 0 0 0 &-d o-*

0-ejV m I z 
CD •- A^m 	

dA
11 it 11 11 to"	 H1

w4 =^
W ao o I-+ a a W
=O-jaL - Mza w
awo-co-fawmw
W	 0 ^- ..^ 1-- ►- DG
Gr aG.OW4..J•...^.
U.JWV>*Z

k,

W

W

J
Q^M

m
Y^

m
d'

CAWJ
P-1 r

OD 
= ao

M W

V aoa
N
G

9
'V

9
P4

a

dD	 IV	 W	
N	 M

1	 1	 1

55



cc
qw

N
W
.J
.. 00

aD

M W N
V a
Z °0
g

Vf

O
L

D

0aejw" ♦
^ 0 ab a♦ + ♦ ♦ ♦10-
WWWWWatwwwo wCif CD 0 M CD  a. •^
V)•^OA^ylW) 1 =
m CD CD CD, CD 9 ? "'
11	 11	 11	 11	 It" 1.-	 1

►- &0 W
=	 Z	 ONQV •:>WClO	 ="ZZW=O,.JQI-a x a uC71 ^-+ 1r .-^ Q W GL IN
W ^Al9 ►-J/- ►-GIc

.3wU)a

s^
ui

W

C'?
J
es+
l'% 1

Cr	 tv	 CD	
N

I	 1	 1

5b



CD
0

ap
qr

to
W
J

^ t m
vM W F
V ^

ill
^r
Q

a
ti

p
..

10

LU

1i

u
S

N
fV

co	 w	 O	 CD

1	 1	 1

Q a - 0-% •9P

L -iw(Ia

^ ♦ f 1 4^
ww_wwwat
olv7sooig
ej 0.0^+ 

qr m ^ 1	 _
mW0-o4D	

OCD
11 11 11 11 11 Ood	 1-- 1
s-	 ►- out wi z ONCO•-dwao =0-4=Zw
=0-ial.-Mzaw00 6.4 C0-+ aw w w
wx000-J/-1-RK

S,



CD	 ®	 ®	 m

E

me-Mv
^MCD0a
♦ ♦ ♦ 1
W W W W W• -W ® I9 Z
440W 9mlV M CD !9 m
(4 4w (D .

CD (D
Ii 11	 11	 11

Z 2 OW Z O=)OJaF-
WrNl9I-
IYQd.o-J
LA. JWU)C

r-,
CD

W

W

1.1
C^J
el

C 8



r
r'

a 40

♦4 a^^-1`'W"J^ 
mmw91n 2m V 0.46.4

tQ-4 GID wr0-1 1	 =_

NQlmmm9 1* 0
JI 11 11 11 11 ^	 ^ W

 

w 4z

ZO-0Z=W

aw..4m.r Z WCaiCW
wm to 0r-..^H-r ac

t J W cn J —
CD
0

m
qr

N
W
J
0.4

sD = m
W N
V
Z b°ar
0

m
N

9

w

W

w

l.7
G^
J

Q^
l`J

dD	 MD	 UD	 co

1	 1	 1

S9

`:^^....^_ .,_:,. ^^il.,Q...___.. _0__0,00 _.^..__..^._ _._^,....,_ •^^ ^= 	 _..`.:-^,^.x_. r.,^.,.::^^,::r^;..,:,.m.;.^-, 	 ---	 ...^.^..__.



CDm-4M4►
CD00a

WWWWWOL
-4•a CD

ri	 0-0

di :9 0.+ 0O 
1

11 11 Ii 11 11 ^+	 ^ 1
W

Z	
WZ t=0

z Z OhJ4z000
^

<ZC> >•+ZZ WG^JZI- dL2^SV
CU^LI ►-^= ►+Z WaC W
W=0 UP g - -iO- HG[

LL .JW0Z

(W	 m	 m	 9	 ca
0.4	 .r	 (1/	 M

1	 1	 1

60

.^ ......try ._ _.._ -__ __ _..._	 ^.:.^. W^ .^ ^.-,..M. •-- .-

T

CD
W

W

^J

Qti

s

t9

W
J 1,
^r= on

CD
M W

V
Z •^
a
1-
co
.r
0

ao
N

OD
W4

m



♦ 	 ♦ i ^1-'
WWWWWac

N '̂"m8^
Nlo1mOM	 ZZ
^I .^V Z1A 1 ^ = L'
^ml^"Zci d0
of 11 11 11 118-4	 ► - 1
>-	 F- Not W
Z Z 0N42(AAowWCO ="ZZWa0_Ja^-WZaoam*-swp-CWwW
WcwUj? - Jio- ►- w

J W (A ox

r

co
ua
Ilk

Wv
h

V^
W
J
N M

Op

V ^

V a

:z
h-

H

0	 ®	 rz

1	 1	 1

bl



00woMqv
40000
♦ + + 1 ♦ N
W W W W W0-0
ow"009OCNOOMOO
rVMmeam2 ZZ
N•+^/OIA 1 =Z
Mae-weO I
N N 0 N M -w F- 1
S^	 omm .. W

Z Z O" 4 0 -0
WQO O—ZZW
= O .J C O- " Z Z ti
CI m " C l-o Z W 4G W

dLaLa.^J

W

Wv
O
..J

N

N
W
J
w

W ^
V a
Z ^a

O

W	 9	 co	 d	 m
I	 ^	 1

62



63

00(%A 0r qp

WWWWWaC0-vasZW
N No* Mam=0 &voweg top 0WW	 ZZ

. . -Z cc
a CD W a G 1
M 11 H 11 M 0+ 	 ►- 1

30-	 1- «+ W

2 Z ONaOV"
wac =O"Z=W=Q.JZ ►- ft zaci
am o-o c «- awa w
aG Q ar ^+ ..J ^ '^
LA. J W (/i a

CD
W

W
u
G
..J

rJ

do

N
W
.j
«r
Z mv
W
V ^
Z O0
Z

(J►
r•+

0

to	 m	 om	 9
1	 1	 1

r-



000w" ♦
00O04D

♦ f / 40-

0-0000W
N t0000 Z^
tV M 9 ► O 0 to Z
py w+ ^ Qi h 2ii ^+ _

m®®^00 100
N N 0 N If

	

	 1
1.. ..+ WV	 WZ Z^

Z OMZRA.••.
a 0 =► •-+ Z Z W

^ O..1z1-aZafj
00^+^^^ZWdCW

^ ^ fi ..r ..t t • •^
LL. Jwcoa

m
W
N,
WV
aft

O m

x

m
qr

Vf
W
J
PW
Z m

M vW
V ^
Z °Ga ^-
H.r
O

ID
tij

co	 !9	 9	 m
r+	 hl	 f^f

1	 1	 1
co
nj

D
we

9

b-3



Aft

m	 m	 m	 ^	 M

	

1	 1	 1

m-0-wM ♦--%wee
WWWWWaL
IN^^m^DW
^IA9Z4'r0 •.••-^
hlri •s ^•+ a =^

	

.	 •= 00^ ^ m ^ ® O 1aaaall•y r—i

	

^-	 low ur W

2 = LA) 
fayi Z y .^•.

WQO ="ZZW^O w 4HOL 2^ V
riO^+L^^iWaC1a:
W = Q/f U 1- .J 1-- r- IY

U..JW04Z

W
J ^

= m
v
W ^
V ^

N

O

mW
WvV
O
J

f^J

65



CD	 ow	 0 
4P.0	

co
Cj

I

0 OR* W-0 00) or

w ui w Wi Ld at
b1p) 0 a a 0 LU
OW)WOOZO X

"t 0 0	 3c
a0

ul
C2

-tz

WCO	 W

L a WCA W
u 06- -1 P.- I--

A-6 -W
UL a 64. - -0
". j w U) 4z

Lai

LAJ
%of

O

Cltj

co
qr

PSI

•

66



m .r .n " q►
-+mmbwm►
WWWWWI^

0 N m 9 W Z=
Iri1AR Criin2 OUZ
d^ d dD ^+ ^ Q 1
N M !1 N now M- 1
3-	 M- o+ W
Z Z O N Q ir=1r .:>
WQA ^^+ZZW
GGJ^t1—tiGZQt..^
Qi G ►-+ t ^+ *Z W M W
W r ►1f t^ ^- J ^-- Fw ^iG

L16 J W (A a

a
W
W

ua m
9
1`1

CD
to

a

a

40	 CD	 Co	 d
••	 /+!	 M

0	 1	 1

dD
or

r'►

W
-1	 ='

t0Z mr► NdWQ
a °^Q
pod

1-+

0
z#
ry



Co •-+ — /M
.-.mmm9
♦ 1 ♦ 1 + ►-
WWWLaUp
IAmaiZmLai
wlr wows	 M-
0• CA 
0 VIP Qr M 0 1 •-• LZ O d
mm9•+Q^O 1
N N H N N ♦+ t`- 1

Z Z ON^ZN^+
WaO	 ZZW
am— n—aWt9W
W	 1- ►-^aC
aG Z W6 0-0 J
&& JW W Z

siW
W

J

X

ID

i%
rA
W
J
.r r,
3r. m

M W

2 ^`
Z ^

Vf
.r
O

9
fV

9

9

©	 ^9	 C9	 em	
M

1	 1	 1

f`/

os



m
Ir

N
W
J _

CD

•A	 f'J
L ^

M W
V a
Z `^
ZH
N

O
9
N

Ci --M^!
.rmgD la 9
WWUJWWDC
IntogDoow

in qr
Qr1AOCrm^ Z•+
Iri Iri qr !L Ul> 1	 •+ t

Z f^ d
W 0 dw	 0 1
q W 11 11 q r+	 1+- 1

W

2 S. ON^ZN:>
WZO	 ZW
^0JIZ ►--aL1'a
Qi LO ►-^ ^ +-• Q W f^G WWLtn^^1-Jt-f^^
fdG 1l ad. — -0
9&-1W(of) a

d
W

W

`^ G1
J "'r

m
h

9
.r

9

d	 1w	 ow	
M

f	 1	 1
O
1,

ha



h i)

APPENDIX C

SAMPLE SIGNALS FOR BOTH VERTICAL AND

POLARIZATIONS IN THE 3 TO 19 IN

F



9	 J

APPENDIX C

SAMPLE SIGNALS FOR BOTH VERTICAL AND HORIZONTAL

POLARIZATIONS IN THE 3 TO 19 KM RANGE



FABLE C

3 - 1 `.3 lm R.111.i '

I I GI IRE LAM B1)A ALT I TUDE • S I GMA EPS I LON fO L:\R 1 -*.\ T i oN GA I \

C I 0.-1 0013 1 000 f t O. ()O 1 •1 % no

C^ 0, -1 0130 1000 ft 0. 11111 1 I{ no

(;3 13,-,(3(30 IU(30 ft () . 001 J 1 yes

(;•J 0,200(1 111(3(1 ft 0.111(1 •1 II %P.,

C5 0.2(1111( 111((0 ft 1. 000 40 \ Ilk)

Ch (3. 21100 111111) ft .1	 . 13(30 SO Ii no

C' 0 2000 IOUO ft 1. 000 Ill \ vvs

CS 0, Woo 101111 ft 4 . 001 3 dill N Yv,;

C9 0.2000 5000 ft 0,001 1 \ no

CIO O. 2000 5000 ft 0,001 1 Ii ncl

1' I	 1 0. _1,00 ^,OOO t t 0. ( I t ) 1 -1 \ yes

C12 0. 2001 1 5000 ft 0.001 .1 1{ ^ vs

Cl i 0 -, (lul l 51300 ft I t 	. 0110 K11 \ no

('11 0.20(((( 501111 ft •1.0111) SO I{ Ill)

C15 0. -1000 5111)0 f 1.111111 till \' Yes

CIO 0. 2000 51)01) ft 1 . 0110 SO I{ YPs

C1' 0 1351 101111 ft 0.001 1 \ nl,

ciss 0 1;51 1000 f t 0.001 -1 ! { nr

C19 0.1351 1000 ft 0.001 1 \ %VS

C20 0. 1 351 1000 ft 0,001 1 I{

C21 0. 1351 lllllll f t 4.000 80 \ tl.'

C—, _ I1. 1351 I1)(1(1 ft 1.13(1(3 till II n

C2 3 0. 1 351 1000 ft 1 . 0013 S0 \ y r-^

C24 0. 1351 1000 ft 1.000 SO U Yes

C25 0 1 351 5000 t t 0.001 3 \ !10

C20 0. 1351 50011 ft 0.001 1 U 1h)

C2— 0. 1 351 5000 f t 0.001 1 \ %VS

CA 0.1351 5000 ft 0.001 \ r:

1 29 0.1 35 1 0000 ft 1.000 SO \ no

11 1 01 1 ft =	 305 m,	 5000 ft	 _ 15:4 11



TABLE C

3 - 19 km Range

FIGURE LAMBDA ALTITUDE* SIGMA EPSILON POLARIZATION GAIN

C1 0.2000 1000 ft 0.001 4 V no

C2 0.2000 1000 ft 0.001 4 H no

C3 0.2000 1000 ft 0.001 4 V yes

C4 0.2000 1000 ft 0.001 4 H yes

CS 0.2000 1000 ft 4.000 80 V no

C6 0.2000 1000 ft 4.000 80 H no

C7 0.2000 1000 ft 4.000 80 V yes

C8 0.2000 1000 ft 4.000 80 H yes

C9 0.2000 5000 ft 0.001 4 V no

C10 0.2000 5000 ft 0,001 4 H no

C11 0.2000 5000 ft 0.001 4 V yes

C12 0.2000 5000 ft 0.001 4 H yes

C13 0.2000 5000 ft 4.000 80 V no

C14 0.2000 5000 ft 4.000 80 H no

C15 0.2000 5000 ft 4.000 80 y yes

C16 0.2000 5000 ft 4.000 80 H yes

C17 0.1351 1000 ft 0.001 4 V no

C18 0.1351 1000 ft 0.001 4 H no

C19 0.1351 1000 ft 0.001 4 V yes

C20 0.1351 1000 ft 0.001 4 N ,yes

C21 0.1351 1000 ft 4.000 80 V 110

C22 0.1351 1000 ft 4.000 80 H no

C23 0.1351 1000 ft 4.000 80 V yes

C24 0.1351 1000 ft 4.000 80 H yes

C25 0.1351 5000 ft 0.001 4 V no

C26 0.1351 5000 ft 0.001 4 H no

C27 0.1351 5000 ft 0.001 4 V yes

C28 0.1351 5000 ft 0.001 4 H yes

C29 0.1351 5000 ft 4.000 80 V no

F

* 1000 ft = 305 m, 5000 ft = 1524 m

70



FIGURE	 WfBDA	 ALTITUDE'	 SIGMA	 EPSILON	 POLARIZATION	 GAIN

C30 0.1351 S000 ft 4.000 80 H no

C31 0.1351 5000 ft 4.000 80 V yes

C32 0.1351 5000 ft 4.000 801 H yes

C33 0.0545 1000 ft 0.001 4 V no

C34 0.0545 1000 ft 0.001 4 H no

C35 0.054S 1000 ft 0.001 4 V yes

C36 0.045 1000 ft 0.001 4 H yes

C37 0.0545 1000 ft 4.000 80 V no

C38 0.0545 1000 ft 4.000 80 H no

C39 0.0545 1000 ft 4.000 80 V yes

C40 O.OS45 1000 ft 4.000 80 H yes

C41 0.0545 5000 ft 0.001 4 V no

C42 0.0545 5000 ft 0.001 4 H no

C43 0.0545 5000 ft 0.001 4 V yes

C44 0.0545 5000 ft 0.001 4 H yes

C45 0.0545 S000 ft 4.000 80 V no

C46 0.0545 5000 ft 4.000 80 H no

C47 O.OS45 5000 ft 4.000 80 V yes

C48 0.0545 5000 ft 4.000 80 h yes

" 1000 ft = 305 m, 5000 ft = 15 1.4 m
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NŴO J
= r-

v
..

W
V `'
Z sa
fJ'1
O

V,

N

W

w

l9	 S	 m	
N	 f^

	

1	 1	 1

CD



mmN.wt

WWWWW^+s m m m a
CD 4D a a00000= oz

wMaDeco
z co I

W 11 11 11 h ^++	 M- 1
}^	 ►^ r+ W

2 2 O N a ^=/1.=0Wa0 =v-4==W^OJ^ZF-aGZaVam*-*r•-•a WWW
W S wV0-.J1- ►-w
WIC %& ^ •• -4 •......
LA. .Jw0a

dD	m	 m	 w	 m
on ..+	 cv	 M

1	 !	 ^

r.
GDW
W

J

N

IFU

N
W
J

IC

^.r

W
V ^

la

V1
ar
O



SiCD—M R
..gy m © (D
♦ ♦ ♦ 1 ♦ 1^
WWWWWix
CD ® t9 CD CD w

++©
W
9 1 =_
Z 00

CD Co (D -• CD O	 1
11 11 11 11 11 ^+	 ^ 1

2 Z ON Co-*WaO M—ZZW
W LCA13r— .^:!— ►—IY
LAG Q4.^..J© Z
LL. JW4o Q Cl. Q

•1

SW
W
L.^ S

S
N

r.

,N
.r

CD

W
co J

_
v ^'
W u
V ^
Z ^c
Q .^

Vf

O

N

CD

S	 S	 m

1	 1	 1

so



IL ai •^+ M

♦ 	 1 f ^J
WWWWWo+

Qi ^ 'D ^+ Qi 9 
1 d

)i 11 11 11 11 ^	 ^ W

WZ ic:+Z p r,./ a y 0-Iv^lO ^^x2W
aG..^2f-OG^^tG3
QI O ►-+ 11~ ►+ a W of W
W w w 0 1'- -J h- I— "

a aa ►♦ J02
-i 1110 a CL. a

.vo

.OD

00
o
U

W
V ^

a °°04 N-

O

it

^h1

O

tS^
W

W

^- o

1 I

c ^^

81

!.;a^C.,. :^. ^_ra,a..^.+s...rs,:_.,......,^^..,..^y,,,.....,,...........,.. ....^. a^,...... r^^ar,^i^C .-'"„^" `fir _ _,....,,GSr^,.^rcns:n— ^' 	 ._.;^..a^^ •	 --- ^^a..^....,.M,,... _.



J<.

t^
k^
h

^M1

Z 0 —M
•^+ZZZCD
♦ ♦ ♦ 1 ♦ 1•+
WWWWWeg
CDZZZf9W
19Oi0®Z	 $Az

• • -Z 00
ail m0 94ZO 1
11 II 11 II 11 ^+	 H 1

zi w 
ZZ 2 O P••J ^ Vy ^-+
Wa rt ^«^ZZW
a a r ^z ^•• cY z *z c.y
ti31W«-^=^ZWGCW
W = ^1f V 1-- J 1— h- GL
Lar Q4.^+_tr Y

r'

Z	
N	 M

1	 1	 1

n
S

W

laJ

e, S

rs
^V

M
.r

OD

..
to
W

0^ J

W ^
U ^

0

Z



do OD 0 0
♦ + I ♦ N

WWUJWW0.0

x IPA Om Is	 Z
00000= v

la^(D V+oi	 t
'r' 11	 11	 N	 li	 II r+	 F-	 1

,-	 1-	 •+ W
w 	 "-,*

^c	 0 P..) Q vA ••
^_1	 Z= 0	 *>C H GEC	 4t w

a m"_"Q W"W

4...JWwalL Q

!F

I

I

tl1

w FT-r-,

.J 0-9	 ^"	 ^'•1	 T•7I	 1	 1

PAS

.w

VfW
«i rr
.rw C>
V
W ^
V

dz

H
d

o

83



>s

.•^ZZZZ
+

WWWWrWCAC
fZCZ^ .•....

0dwM OD	 2Z
...^^^Ag1In 1	 c 

!D M	 W 0	
^ O

^, 11	 11	 II	 II	 II as	 /^	 1

w WZ	 3c^
2	 G	 to 0-4

[ 4J2Ot	 ZW
f ^a..J^ZM-GiG2^ZV
r rJ! GO r-+ _ ►^ Z W aC W

w	 w0HJ/--1—m

I

LK^Z (L —JOZ
Ii J W rli ^Z LL Q "'^

I^

I
m
.r

^ U?

co ^► ..,.
r-13 M

1
1 w

a

to glo..

o,

.r

't., , 6

^tl

!LI ,

ui Z

C-1 T T	 !t+ T	 CU

--r ► I	 I
C•I

84



M	 r—	 ev

V

ob N go V
(D Is Ob CD

w W w w uj
MOD 8 00ts 0.410
0 wo OD OJD CD x z

	

(04 CO or V) I	 m
.	 I	 . •=

ow dD M- CD 0

	

it of 10 It 11 0-d	 0- 1

	

1--	 ►-0 W
W C 3C =P
0 Pi 42 'A 0-WCO M"=Mw

= Q -i a ^- w x a Qow"W - awww
606 a4.-. 4
L& .-j uj 14 a

CD
LA)

Ul

trf

00 J

IC
%0
W

4M

to

Ir

%4

85



S	 W	 N
CD
 M

1	 1	 1

,4%

CD
W

W

L^
O S

S
^V

co

CD on N w 4
0	 CD

♦ ♦ ♦ ♦ ♦ 1~
W Lai Wwwac
mO9mafmw
w0mm®=0 _"
WO) NO2K1A 1 0-4-^

• • • Z 00mmmcD®O 1
11 11 11 11 11 ^-+	 1^- 1

oNac=n•3
Wa0	 0-62ZW^O-ja oczau
QIMr+Z a W M W
W Z CJ1 0 F- J ►-• ►- QK
dC	 0- _j 0 l
4._.JWOama

F

N
wo

tD
.r

N
W

co	 ..I

v
W
Ciza

c

L^

G

y:

S6



m0N-+ ♦-*meow♦+♦♦♦ N
WWWW4W#-*ezmmmm lc

Ommoom O=
Z 00

f9®m^rm0 1
It 11 11 11 11	 F- 1
}	 ►^ ^`+ W

Z 2 ONCO"WCO ="=ZW^GJQ ►- IYZaW
DI m 0-4 = Q W M W
W = 00 0-J1-1- o[

W J W (A C

W

W

L^

J

^y

ti

il!W.j
0" lz_
v a,

V ^
Z O0a
m
0

m	 m	 m	 CD
	 M

	

1	 B	 1

87



Ow
W

Ll

J ^•'

S
%J

O	
@	

N

	

1	 1

m
m
M

1

Om—M ♦^+mOm•
4 + 1 ♦ H
WWWWWIY
CD- WCD0W
N M m O M Z Z
ty V CO 1 =Z 00
t1 11 11 11 11 ..^	 1-- 1
^-	 h-	 W
2 Z ONQWPWQO	 ZW
^^JQ/-aGZawmw"="QWwW
W= w u 10•- J ► - 10— wacQO.1»..,oz N

.4

ID
wo

t/f
W

0 J
r-

v L:

W u
V
Z acQ

ka	 ^•-N
O

qv

N



W
J
3c
v
WV
a
0
0

w

a
on

OD	 Sig	 CD	 m	 fap

1	 1	 1

ato—MV
Op 4D♦ ♦ ♦ 1 +N

WWWWW•+
-4WW009NOWWWQ

NM^.1®m= ^Z
N•+ lfm-0 1 =_2 0 0
arrrlrra••	 r-1
} 	 ^.. •+ W
2 Z 0Nawa"
WcQ =«0=ZW
ZO-iCo-"=Cti
C10«+=•4awMW
DL Q fL r" J '^ •^
LA. -.1

W

W
l.^
C

ay
.v

fu

89



^DO^Mr+mm•m
W W W W W atm+mm0W
NV'faiOm^ _^+NM•mm U)Z

Ia O CD •; 0 0 0 0
of fi q 11 flow

 11-0-w
Z Z ONCW—
W a O = O" Z Z W
OO.Ja ►- wzaw
a m—="-+aWMW
W=wUPI.-JF- IN- =

.A%

w
W

W

t:1 ^
J ^^

O
04

O	 ^	 N
I	 1

N

m
.r

N
W

CO ..1
«r as
C

W
^V

Z o

I^
•.s

O

r

N

!a

mM
1

90



9 ® — M O
90

♦♦♦ 1 ♦ NW W W W W O4
NOMMOO =^NMNmmZ /1fZN '+ ll CD q- 1	 one t
• • 4 • •Z 00

W©( p -0aD0 1
11 11 11 11 11 ^••^	 ^ 1

H W

Z Z CNQN^W Q O ^^ Z Z W
OOJa1-aCZQV
tim^S^QW^LW
W = t!f V M— J ^— 1-^ ^

IL —i w U) C

W
W
Lot

	

J 
m	 w	 %W	 tD	 aD

	

..4	 .+	 N	 M
1	 t	 1

S
N

N

N
W
J
s; UV
W N
V ^
Z O0
Q ^

to

O

91



©ON-OV

W Law WWIY
® — WO Ow
e%I M O W O Z Z

1lCD69mm	 OO
if	 11 11 11	 11

2 Z ONaw"WQO Z-+ZZW
na_ja ►-&Za0
01:+'•=0-4WWW
W =V.u ►-.J0.-h-W
~ZfL..JOZ
W.JWNa&a

m	 m	
N	 M

1	 1	 1

m
W
W

*'%V
G+ @

^V

,N

.O

H
W

O J
JV

W
V ^
2a

0

N

CD

to ,

ax. ^w-+.i.-,ra^Wa^,...e^..,a..,e....a... ^„.>_..._.^....,_.......e+.,L'......1014'^aa e'^tutiJ,..^•k_......o.^icw4iiit.y.irW*:—..,...-u,^a^rx_=^^^cw.^....r.,....



m	 Cr	 co	 m	 m
.- 6	N 	 M

1	 1	 1

•ON-• ♦
W W W W we"
a-.00 OiK
4400®OO 0+"NMOWOZ ZT
N -• QD g! -• 11 = _

1p mOm A 00
n 11 11 n N «+	 M- +
^-	 1- •^ W
2 Z ONatO"WQO ="=ZWOO..IQ1--aZau
W=001,-.11.-1-m
!i a11." - J - —
Ii .J W Vf a

m
W

W

Q
Q
.J

04

N

N'!
W

v uW
Za ,^
1-•
N

O



O
Wu
61J
ft
t?
O CD
..J ^'+

im
N

O	 0
1

O	 W
N	 M

1	 1

ai0Nw+ ♦"Wawa
♦ ♦4♦♦1-
Lai WWWWam--4000W
NOWOOO Zr+
N ^+OV•-+ 1 0.4_
.; 00000 00

s. 11 11 q ^-•	 1— 1
1— ^+ 4kW a Z

Z Z O N Q Vf •-^
W^Ct0	 Z 
0 1z Ja OCZaO.J
a CO •+ IC *+ Q W ac W
W Z V1 u I- ..i 1- /- ac

W j W0aCLa
N
ow

W
wo

HWJ
iy MN

'JV
W ^

00

v N
O

It

N

L	
,

94



W ® N -V
W4iWWW"
QI w+ • 19 m aL

NMOOO= W=
N -"CDQ-+ 1 «r=

• Z 00
m 0	 CD O 1
11 11 11 H 11 " 	 1
}-	 om W«-^
Z = ONaw"
WQO ="Z=W
=©Ja1--aL=aV
dm ... t •+aWa w
WtwlJF-J1^- 1-- wMa-4J--
4. -i Nf a

%W	 Q	 m	 m	 cp
wo	 ..	 N	 M

1	 1	 1

W

W
11.•
V
O

C%

N

N
W
J
_
V U
W

F

Z aM
a ^+

H

N

95



^+mmmla
WWWWWOY
19—!Dm0W
NOW00=0 a-60-4
CYmWC9m Z2
N •+ R©IA 1 =_-Z 00
(D 9 ® CDC  1
11 11 11 11 11 -0	 M 1
^-	 F-	 W
Z Z ONa40"Wa0 = -+=ZW
OO_JaI-w2aQ
CIw—ma+awww
W=V u)l- JM- /- ft

.^

^m

n
N
W

= vv
W r.

a

O

.s*

N

Wv
W 1	 11114-1%.• I	 I	 I I	 I	 1	 4, 	1

M
JV-w WD

N

w
kv

mM
1

96



r

f

40 4D -w P* V
"mmm•

♦ ♦ 1 ♦ N
WWWWW•+
moommO ...«r
C-j —,w(D0 6=L

Z t^ 0
Cimm

.
 -+m

•
 0 1

n u 11 a 11 •-•	 1- r

W	 W Q L ^Z Z ONQN^-•
WQO =-ZZW=cJQ1-&ZaW
QIm^+L «+ QWOGW
W LNl.9^- JI- ►-oG
AW Qa. «•r .. A O Z ,N

.r

,d1
.r

ifr
W

m ^

t N
V V

V ^

Q ^
1O	 1-^ u'

N

O

m
W
W 4
J ^ m m N

1 1
m
N

CD

M1

97



98

W

W
`,
Ll
C%
J

S
N

m

	

N	 M
i	 f	 ^

+9di^M^I

♦ ♦ ♦ 1
WWWWW4%
CD	 !D Co © W
Ntl"f^D © ^A^ 	 2•+
N /*liIdDCDm	 0N..••^mlr^i coo
0 CD CD	 0 0	 1

►^ n	 u	 11	 n	 n •-•	 ►—	 1
v	 Wa =^' Z	 z	 ON COO-*
UCC ="==W
OO..ja F- = 2au
Qi^D«^S^aWOLW
W S ^1b %j ►- J M- t-- DG

t

ac C 06	 J 04.JWtJ'1Z^a

I m
.n

^J9
"W

OD	 ..^
_
v c:

W
V ^

CA

O

N

a



ka

x

c.
co

N
W
J
rr

v
Wv
a

0

m40—M ♦
.rmmmm
♦ ♦ ♦ 1 ♦ N
WWWWI,V^+
1D - M a a at
Nlrimmm0 =^+
f^1MmQmZ tAZ
• 1 ^+ or (D in 1	 Z
0mm0-+m0 I
11 11 11 11 11 «^	 1- 1

Z Z O N a 0 0-0
Wa0 ="ZZW=0-1aP-wzaw
W ZN01— .J 1.- ►—OG
~,ow &% — J O N

.r

fa
.r

IV

W

W

'%L^

^V

Ia

CD	 m	 Ia
••	 N

1	 1
Ih

1

i
a

99



N

m
S

W
W

L^

J
S
.r

S
^V

m	 N 
1	 1	 1

i

^.Ommm
♦ ♦ ♦ ♦ 1-

WWWWWCK
CD -"CD's
040 4 ► mm=0 "a.
RJMCiCDa x n1 ^+ 00 ql IA 1 t S

Z co
©®#Z®cDC 1
11 11 11 11 If"	 '- • i

2 Z O N C O O-*Wao ="=Z'W
= Oj a 0--m =a wow"_"aWwW
W co w ►- J h- ►- ac

Z IL " -Jo Z
IL JW w aa.a

i

N
wo

m

co

^o

WJ
= v,
V
W ^V
Za -

0

^= 1

100



4D fy — ♦
;ODOM•♦ * ♦♦ N
W W W W W0-0
m-"mOmat
Nirrm ® m0 «^+•+
e^IMm^mZ ZZ
CY .•. DO w in 1 W S
•m^•m0 00
N 11 11 11 to o"	 10- 1

0.4 W

Z Z 0NaV0W420 ^^+ZY W=OJQI-OLZQVo mr•.t0-QW=W
W=0VI-J ►-1.-OC

••dL Z ^ •mo + J••• 
L16JWfAQ

W

W

O CDJ ..0

S

ti

V'1WJ
Mr M

WV
ZQ z
N
.r

CD	 ®	
N	 M

t	 1	 1

N

101



O m N ^ e
a

^+mmmm
a WWWWWOC

O^e9M0W
NIt)©!Lm?	 5000
NMe9^'Dm	 VfZ
!%1 •+ CO q1 IA 1	

=
O O

meccas	 1
* 11	 11	 11	 M	 11 -0	 H'	 1

}.	 l--	 P- W

C Wa0	 ^«^+Z2Woo^^^-cezaur{
Cbm^r^+aWL1CW

~ °^CLft C	 -1 0 Z
N

I

F

m ?
1

W,
d0 ^

W	 su
Z	

-a

Q

41W .-.

r ..	 ,rr .^
o^

'rote
^, a

,,• , ow

N a

W
^ sW

r-rt- mV

J O	 m N	 M
a

11

10-1

^.'?,i^:i". _.	 ,._. _ ... a..._ * 	 ..	 .^.	 ..,..r. ......_ „_..r _a ... ,.. _m.,1.r..a..,^t.aya.•aLvlr^^ct..BU.^,^„^aM.....r_.. •...._.



wac Zo-o=ZW

AMP A	 0% -W
LL. i LAJ W oz

cm
we

00

4

w

V

w

w D

4D a C4 04 qr

a- W #a a a
+ + 4 + +r4
W LAJ W w us 0.0
CD -0000&
(4 bo) W (D a 0 z 0-0
N OW) 0 0 a = (A z
cm — covin I o" C

z 00
04DOMM	 I
" " to it of o"	 0- 1

In-	 "" LAJ
C 3C Zo

Z 0 N a 0 0-0

UJ

cm

CD	 CD	 CD	 (D

^)RIGLN,kL PAGE IS

OF 1")R QUALM 103



k

C

@ •- -+ Nf •
w m m m •
LOuiWWWz
In@mmOLAS
00000=0 ^+••^
0 ft t W  z2
on In► q! @ -• 1 t t

.z 00
@@@^+@O 1
It h 11 11 W	 /^ 1
} 	 1^ w W
Z Z ONaw"
Wa0 =a"ZZW=O.Jz ►- Mzav
W=00/--J10- ►- 1Y

.%
@
WN
W%.,* 111111
J @ @

1
N

1
M

1
ODN

10.1

CY
wo

IA

NW@ J
ar

M
`^ u
W G
V ^`
2 ^c

ca

O

N



111s

WWWWW^sisal
m

it
m 11 

of .~.W

^ Z ON 
=0

a
O ^ ►^ W
. i #z - Cd

Cb Co 0.4 t P+ Q y^ C^ W
W S 0 l9 1n- -.1
Cr Q IL " J
1`. JW #A Tl

N
aw

CD
.r

to
W

0 .J
..4
JC -7N`
V C.:
W ^,

tD	 F.- U.
to

of

N

m

.fir...	
1	 1	 1

Ilk

CD
w
NW
v

Q

t3+
N



co	 ®	 CD

1	 ^

i

4"0004
{WWWWWdg

9 m co m	 OI
11 11 11 of 11	 poll

= QQ d=ig

^
^ZO O^ ^:^ WAJ^Sh-ACZdU

m^i^+_^-+QW Qf.W

p
WfC0ui4 -JMF-LPL
4.-jWIna(A.rt

v.
S^W

W J

AL7

CD S•
...

S9
CV

.N

m

N
W

00 J

t
v ;,W

V I

0

N

m

M
1

loo



p•

w
H M

U
V
W
CJ a

h-
V!

D

00 db 0 a+ 1 ♦ 1 ♦ PJWWWWWWO
MZ9t^ =w

Ifs Y f9 Qi Qi ^ Nf
0 IA we 4i .w 1	 rr

11 11 11 11 11 Jim- 	
0-0 W

w 	 w=0
WQO =:;'W
=C7..lailo- agzcw
QI Ln C"CwhCW
W t Q r- .1 I - 1- ac

Qp^ " .A e^ IP
lz JF"0(

4+	 com	 CD
.-.	 ..^	 N

	

1	 1	 1

CID
w
w

0
t^+
r^

107



N
W

L ^^ M
w
cjza

0

CD	 z	 acs
^'+	 N	 M

1	 1	 1

103

'4 9
♦ 1 ♦♦ ♦ * ►o•0002 a P^
Y'fMmCD0	

_0 W7 CO o ^ 1
mcimm5 q
;t 11 11 11 11	 1W

Z O^a ^^O ^^+ZZW^OJ4/»OG2at.ad Lf^ ►-+ Z ^+ Z W dL WW fGtAt^ ►-JF-F+OL
dC ^ld. ►r 1 n z
IL r,l W Vi 41

mw
w
u

^` J

4

I

wA



^--•C4—v
-•MCD00
♦ 1 ♦ ♦ ♦ NWWWWWN+
Le) ssov®at

OVOWO= ZZ
0V')CO qr w• 1	 =_
•mepmmO 00
11 11 11 11 11 ^+ 	 1^ 10- ►+ W

2 ONaw"
^

QO ^^ZZW
O..^aM-aC ZRt,

Clt^^+t^^iWaGW
W= V7u/-.J1-/-m
aG rZ a. "+ J P*% z
LA. JWNfa

W

L^QJ
s

N
wi

m
ON

W
04 J

^r 
CCM

V U
N
a

a °^

«r
42

Ir

V

D

co	
N	 M

I	 1

N

109



^+lammlD
♦ 1 ♦ ♦ ♦ ►-
WWWWWaL
0W0mWW

IPI ♦ of e9 m	 W z

•	 Z 00
mommm0 1

11	 11 it 11 110-0	 H 1
?-	 M- *+ W
Z 2 ON a W 66-0
WQO MO+2ZW

W=w0P.-JI-I--w
CKQd one JO'rWJWV'1a CL a

N

ODw

Vf
W

co _J

v
W i
CJ ^.
2 ''
a ^.
trf

O

♦

4+
W
W

L, ^ S m m m
1 1 1

N

110



g- N mp
^ o" 0 0
♦ 1 ♦ ♦ ♦ 1164
WWWWWo-atd"rM0^1~
a^^i oi fa* m9 o0
11 11 11 11 11 0"	 F+ 1

gg= ^jW_NZA^
d^.1 <L 1-^ QiC 2

0 to •♦ = te a W M W
W>C0u ►-JrIP-tic

LL J W (A -cc •!

S
LAI

W

u
Cl
.a

Cli

ti

N
W

= d
v ^
V= a
C

N
ti
CG

as	 (p	 m	 M	 W

iii



CD 0" w M
9W^!^

LA) WW LAS Wac
UOJOD0mmW
®Lf OMW:> ►r .n
Vf or CD 	 z 
IA0RC: in2 OQ

4DmQD-+©0 1
11 11 11 it 11 ♦+ 	 h- 1
}-	 F- «+ W

Z Z ONaO^Wa0 ="ZzW=OJa1- Wzaw0W -.=I-a W m W
W=0uH- J0--1—aC
IDL a a. 0°+ J O z

m
W

W

J	
t9	 @	

N	 M
1	 1	 1

S
N

,N

.m.r

N
W

'N J
.•y
_

v

W

i

O

N

CD

11-1

-.,,... _-- •& ^-a,„



M — .-. M

4 1 ♦ 1 ♦ N
W W W W W O"
IAO•mmaf0000 0 0 "OwOVOCOZ ZZ
V)0Am1A t= cO
mOm0+0O 1
11 11 11 11 h 0•4	 1-- 1
}	 I.- ... W

Z Z ONaO^Wa0 Z•+ZZWoc»al-mzau
am p-+= b+a Wm WW=w0P.-J ►-M--=~ ad.4.+JO=wJWMad a N

.r

m
we

N
W
J
Rq

V
W
Q
Za

0

K
U

N

v

N

CD
W

W

^ m
J ^-

CP
CD	 <0	

N1	 1
CDM
1

^t

G

N

113



® w+ 0+ M ^►
+Od'`00

WWWWWLIt
000690W

I	 )gr
on

	 10A 1	 owe 3C
. , •= 00

000 mO 111 11 11 11 11	00	 1- 1
... W

Z Z 0NaN«^-^WQO =0-+ZZW^O.J^ZI-aLZaVOs^^= te a WIC W
W Z 0 V 1- J !- ►- m~2a0..AOZw..JWwaCLa

1
CDW
W
a.•V
0

J .r

S
kV

,N
.r

^m

t1f
W

v J
W c.

a

V.

O

N

CD

CD	 (D	
N	 M

1	 1	 t

Ili `)HIGINAL PAGV IS

"F POOR QUALM



•--M q*
•"memo
♦ 1 ♦ 1 ♦ N
W W W W We-e
0Ol a M Mat
000000 Me"
OVOWO= Oz0 0 s W VI) 1 0-0 _
WMMW40 00
11 11 11 11 11 •^+	 1-^ 0

WQ =^
2 O N Q to p"

WQO ^^+22W
^OJQ ►-a1G2Q^.b
Cb QO .•. _ ^-+ Q W aL W
W 2 N1V ►^.J1-M-^
aCQ LL ^ J 0
M J W O a CL ,N

m

0
W

JC

O J

V U
W c,
V ^
= o;

N
.r
O

qp

O
W

W 4^.

J
CD 0 0

N
1 1

d^
N

W

M
1

()RI 0

115



^m

N
W

CO J

ZvW
U

a
^D 1-

0

N

m

OD	 Ia	 4D	 m
••	 N	 M

1	 1	 1

m—N— ♦^ m m m m
WWWWLIJOG
III mOf9mW
a owcm^ .......
W) orCDmm	 ZZ
In U1 4d d in 1 = _

mCD(DwW= 0 ('j
N 11 11 11 11 ^..	 H 1}^	 1- «+ W
Z Z ONCO"W QO ^^+Z Z W=o..Ja ►-aczau0me-•=•+QWMW
W coull- J$-O- OG
o "A 8.4 ..10 

:m1^J W Vf Q ^

.•%
(D

W
. I
W

V
m

J .r

4DN

1 1 c-)



w iwVfa

..
CD
W

W

L^
O
J

^V

cp @	
N	 M

1	 1	 1

W
"at
W

o^c

sA

O

OI®N-» ♦m • m m m♦ ♦ * ♦ ♦ N
WWWWW-oowmmmfwomm m 	 .••. .•+ovamm= ZZ
OW)40 gro 1 Zt

N N M 11 M ^+ M- 1

Z Z ONallo-WQO ow*=ZW
W S0 01-..J1-1-a	 N



N
so

m
W4

N
Wm J
v
WV
Z

^O Ila
fA

D

qr

N

R+	 m	 m	 M
1	 1	 1

..
m
W

11% [W

O m
J ^0

tJ

is

r

C

® N V
mom♦ 1 ♦ ♦ ♦ H

WWWWWaG
004DOMW
w 000 9 _^+
IA ♦ W #M0	 Nf2
o o rA of lr► 	 _

9 0 co alW 	
I

N 11 11 11 H -4	 ^ 1

Z Z ON QO"
O QO ^«^+=ZWD..JZI-aL2Rt^
C^a^ •*= te a Wf7G W
W = Vf V ►- .,J M^- ►- aLaG ZIl—4.-J	 OWV1^d.

118



2 Z O_NC N .^•s
OO^Q1^-OGTaV

CD	 m	 m

	

+	 N	 M

	

1	 1	 1

O ct* *-*•+ a W OL W
w 05 t--it-$w-w
1& ,J W 4A a

m
W
O
W
la
ow
J .4

4w

N

NWr

vWVZC
N
O

x
v

a
ec

U.

19-+N-0qr
♦ 1 ♦ ♦ ♦ N
WWWWWow
I weems
O WWWOm =ow
ov000Z WE
V) V) co qr in 1	 ...

:.alms 00
N N 11 N N	 1^ 1
?-	 W

r.

N

119



APPENDI\ D

SAMPLE SIGNALS FOR BOTH VERTICAL AND HOR!:ONTAL

POLARIZATIONS IN THE 0.8 TO 3 KM RANGE



m	 m

TABLE D

0 R - 3 km Range

FIGURE LAMBDA ALTITUDE* SIGMA EPSILON POLARIZATION GAIN

D1 0.2000 i000 ft 0.001 4 V no

D2 2000 1000 ft 4.000 80 V no

D3 0.2000 2000 ft 0.001 4 V no

D4 0.2000 1000 ft 4.000 80 V no

D5 0.2000 5000 ft 0.001 4 V no

D6 0.2000 5000 ft 4.000 80 V no

D7 0.1351 1000 ft 0.001 4 V no

D8 0.1351 1000 ft 4.00, 80 V no

D9 0.1351 2000 ft 0.001 4 V no

D10 0.1351 2000 ft 4.000 80 V no

D11 0.1351 5000 tc 0.001 4 V no

D12 0.13351 5000 ft 4.000 80 V no

D13 0.0545 1000 ft 0.001 4 V no

D14 0.0545 1000 ft 4.000 80 V no

D1^- O.OS45 2000 ft 0.001 4 V no

D16 0.0545 2000 ft 4.000 80 V no

D17 0.0545 5000 ft 0.001 4 V no

D18 0.6545 5000 ft 4.000 80 V no

*	 1000 ft = 305 m,	 :000 ft = 610 m,	 5000 ft =	 1524 m
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THE B—'3' ANTENNA
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The objectives of the designed antenna were to obtain omnidirec-

tional coverages for each band without shadowing effects and with the

minimum number of antenna locations. The studies indicated that the

top of the vertical tail fin was the best suited. Stacked, vertical,

stub antennas were selected due to geometrical restrictions (see

fig. E1). The lower antennas consisted of two tiers of four vertical

stubs spaced in the corners of a square whose diagonals equal half a

wavelength. The top antenna was a single vertical stub. The final

preflight patterns for L-band are found in figure E" for S-band

in figure E3, and for C-band in figure E4.
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(c) 1078 MHz
Elevation Cut

(d) 1078 MHz.
Azimuthal Cut pq) - L

4's

Figure E.I . L-band.

(a) 1015 MHz
Elevation Cut

(b) 1015 MHz

Azimuthal Cut
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Figure E3. S-band. s

(a) 2220 MHz

Elevation Cut

(b) 2220 MHz
Azimuthal Cut

(c) 2320 MHz
Elevation Cut

(d) 2320 MHz
Azimuthal St
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(d) 5700 D41z
Azimuthal Cut

(c) 5700 NIHz
Elevation Cut

(a) 5200 MHz
	

(b) 5200 Mz

Elevation Cut
	

Azimuthal Cut

Figure E4. C-band,
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APPENDIX F

FDRS S-BAND ANTENNA SYSTEM
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A high-gain S-band parabolic antenna system (which covers the

range from 2150-2350 MHz) was installed on the FPS-16 C-band radar

antenna mount at NASA/Wallops Flight Center, Wallops Island, Virginia.

This antenna was intended to increase the communications distances

previously provided by an omnidirectional antenna. Sufficient gain

was ,achieved to improve the fade margin of the communications-television

up-link capability.

The antenna system consists of a 36-in. parabolic reflector and a

primary feed system of crossed dipoles backed by a flat plate reflector.

It is mounted in the same plane as the 16-foot C-band antenns as shown

in figure F1. The two antennas have parallel boresights. A remote-

controlled polarizes, that provides horizontal and vertical linear

and left-hand and right-hand circular polarizations, is located behind

the S-bend antenna. A three-channel azimuth rotary joint replaced

the existing two-channel joint in the radio mount. For elevation

and to allow for 180 4 motion, a semi-rigid coax except for a short

run of RG 214 flexible cable was used. The AC control circuitry for

the polarizes and the microwave circuits are shown in figures F2 and

and F3.

Antenna gain, sidelobes, and beamwidth were checked in the E

and N planes for horizontal and vertical polarizations, along with

axial ratio and the left- and right-hand cases for circular polarization.

The gain measurement included the insertion loss of the polarizer and

its associated semi-rigid cable only. The requirements for antenna

gain were +22 to 26 dB, first sidelobe level-16 dB, sidelobe level

(±45 0 to ±175 0 ) - 25 dB, beamwidth 10 0 + 1 0 , and axial ratio 2.0 dB.

The on-site tests were conducted at NASA/Wallops Flight Center,

Wallops Island, Virginia. These tests included VSWR and insertion

loss for the antenna system and AC control to verify that the proper

R.F. switches were being activated when switched to the required

polarization. The requirements for this test were VSWR < 1.4 and

an :nsertion loss of < 4 dB. A block diagram of the system VSWR

insertion loss measurement test is found in figure F4 and the results

ible F.
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