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1.0 INTRODUCTION

The VHF localizer has existed in general operational use for well over
three decades, as part of the ILS, to provide horizontal guidance for
aircraft approaches to airports. The localizer generates a more or less
directional tone modulated radiation pattern centered about a runway
centerline extended to produce proportional left or right instrument
deviation indications in an airborne receiver depending on the aircraft
location within the localizer course sector and full scale deviating
indication (called clearance) elsewhere within the localizer signal
coverage. All localizers in general conform to the International Standards
and Recommended Practices of ICAO Annex 10.

Since its original inception many improvements have been introduced to
the system along the lines of electronics and antenna developments. The
design and performance characteristics of the radiating antenna array is
of special importance due to the critical necessity for accurate guidance
with decreased visibility and approach minimums. A potential problem is
that at many airports, the radiated signal could be adversely affected
due to reflections from buildings, taxiing aircraft, etc., thus limiting
the accuracy and use of the localizer during low visibility.

This report presents the results of a major development effort for antenna
arrays which overcome weaknesses of existing systems and are suitable for
practically all types of airport sites.



2.0 BACKGROUND

For a background of the development effort, it would be well to briefly
summarize some of the difficulties associated with the existing localizer
antenna arrays in operational use by FAA during the Fifties and Sixties,
namely (1) the 39-foot aperture single frequency eight-loop array,
(2) the 117-foot aperture two frequency waveguide (with its eight-loop
array for clearance and backcourse), and (3) the 105-foot, single frequency,
15-element V-Ring array.

All of these arrays were developed at a time when FAA required both a
front and a back course and full scale clearances at all azimuths between
the front and back course sector width limits. Due to increasingly
difficult siting conditions created by normal airport expansion, these
arrays were hard pressed to provide Category II (and in many cases even
Category I) performance. The siting problem was further aggravated by
the introduction of larger and higher performance jet aircraft which re-
quired better localizer beams for operation with their couplers. None
of the existing arrays were designed to take advantage of a newly imple-
mented policy which deleted the requirements for a back course and for
clearances beyond +350 of the front course. Each used individual radiating
elements with little or no directivity. They all suffered from now absolete
and overly sensitive monitor pick-up arrangements resulting in instabili-
ties and susceptibility to weather. The design did not take into account
overflight interference and means of minimizing it. Specific shortcomings
in each array had been noted as follows:

Eight-loop array. Due to its small aperture, its course quality is not
good for Category II or even Category I in many cases. Its clearances
are generally marginal. The array had to be "tailored" to each site
with special screening in many cases resulting in high initial installa-
tion and flight inspection costs.

Wave guide system. Initial production costs for this "brute force" type
of an array as well as the costs for the "tailored" installation and
flight inspection are very high. In addition, the waveguide required
a separate eight-loop array for clearances and the back course.

V-Ring array. The single frequency V-ring array represented a compromise
design with a complex antenna element. In spite of its complexity, it
would not meet Category II requirements for course quality and clearance
at many sites. It has been susceptible to severe monitor problems and
suffers from the effects of mutual inductance coupling. It requires
precise on-site tuning for each frequency.

Contract DOT-FA70WA-2253 was awarded on October 27, 1969, to Andrew Alford
Consulting Engineers, Winchester, Massachusetts, for a theoretical design
study and the development, fabrication and test of three new state-of-
the-art types of localizer antenna arrays which would meet the latest
operational requirements and overcome the deficiencies described above.
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Some of the major provisons of the contract requirements included per-
formance in accordance with the ICAO requirements, accommodation of
the antenna arrays to any typical type of siting environment, more
directive antenna elements with built-in individual monitor probes,
reduced antenna element to element mutual coupling, no antenna adjust-
ments over the frequency band, add-on capability to a given array to
achieve improved performance, and maximum time delay of one second as
allowance for interference caused by overflying aircraft. For the
more difficult sites, the two-frequency concept was re-introduced.

This development has essentially met or exceeded all the original
engineering requirements. The result has been a common traveling wave
antenna element and five basic antenna arrays or combinations of arrays
assembled from the common element, namely (1) the type C6-1, a six
element clearance array (2) the type 0, an eight-element single
frequency array (3) type IA, a 14-element single frequency array (4)
type lB consisting of a 14-element directional array used with the six-
element separate frequency type C6-1 clearance array and (5) type II,
consisting of a 22-element directional array and used with the eight-
element separate frequency type 0 clearance array.

The most economical selection of an array obviously requires considera-
tion of the siting conditions as well as the performance Category (I,
II or III) that is to be established for the localizer for a given site.
A special study was performed by the Contractor to establish selection
guidelines. This effort resulted in Report No. FAA-RD-75-64 "A Guide
for the Selection of Antenna Characteristics for Single Frequency and
Two Frequency Localizers in the Presence of Reflecting Structures."
This report is considered an invaluable aid to the installation engineer.
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3.0 DETAILED TECHNICAL DESCRIPTION

3.1 Antenna element. All five antenna arrays developed by Andrew Alford
Consulting Engineers are made up from the same basic element, namely
the traveling wave loop antenna, also called the 0 element or, by the
Alford designation, Type 4770 element. See Figures 1 through 3.

The traveling wave loop antenna element consists of 15 radiating and
partially overlapping rings, spaced 12.75 inches apart at the point of
attachment and slanted across an open common balanced transmission line
consisting of two bars terminated by a resistive load. The sending and
receivingends of the balanced transmission line are provided with baluns
for conversion to unbalanced input and output terminations respectively.
The output balun is terminated in a SO ohm impedance. The spacing
between the rings was chosen to produce a very low value of radiation
along the back course when the element is properly terminated. The
directional characteristics of radiation pattern can be seen from Figures
5, 6 and 7. It can be seen from these drawings that the radiation from
the antenna is essentially unidirectional and that it consists of a 7

single major lobe. The mutual inductance characteristics between
adjacent antenna elements is excellent and is at least -34db at the
minimum spacings used between elements in an array. The element which is
18 feet long (about 2A) is typically mounted at a height of not over 2/3 A
(approximately 72 inches) above ground and presents a relatively low
profile andyet produces a low angle vertically directive radiation
pattern.

Other electrical characteristics include the following. The overall
element input impedance is 50 ohms. The element will handle a power
input of up to 75 watts. The transmitting frequency capability is from
108 to 112 MHz without any antenna adjustments. The input VSWR is less
than 1.1 :1 over this band. The polarization is horizontal with the
vertical component at least -26 db from the horizontal. The front to
back ratio is 26 db+. The performance of the antenna element is not
seriously degraded from icing; however, to insure no degradation of the
performance and for protection of the elements, these are usually
enclosed in a radome as shown in Figure 1. To monitor the power level
radiated from an element, the power existing at the output termination
of the iement may be sampled. Samplings from each element in an entire
antenna array are combined to provide an analog monitor for the entire
array, as will be shown later under the discussion of monitoring of the
array.

3.2 Antenna Arrays. As mentioned already, there are several antenna
arrays. These are all made up from the same basic element. The arrays
have been designed in such a way that reqardless of the number of
elements, the spacinq of the two center elements are identical (i.,.,

.6A between each other or each .3, from the middle of the array, at 11 ,

MHz) and the spacing between all additional elements if; also idont iu-a,
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namely .75/\at 110 MHz. In all cases an even number of elements is
utilized which helps the mutual coupling problem. No spacing adjust-
ment is required for a frequency change within the band. However, each
type of array requires its own power distribution scheme. Figures 10
and 11 show two types of input power distribution networks.

Five distinct arrays have been developed:

(1) 6 elements 32-foot aperture, provides clearance radiation on
a separate frequency for the IB array (Type C6-1)

(2) 8 elements 45-foot aperture, provides clearance radiation on
a separate frequency for the Type II array, or may
be used alone as a self clearing array (Type 0)

(3) 14 elements 83-foot aperture used as a self clearing single
frequency localizer antenna (Type IA)

(4) 14 elements 83-foot aperture, directional array (Type 1B) on
one frequency, used together with Type C6-1 for

clearance

(5) 22 elements 140-foot aperture directional array (Type II) on
frequency used together with Type 0 for clearance

Table I displays antenna element spacings for each array. Tables II and
III list the nominal current amplitudes and phase of the currents applied
to each antenna element of each array.
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TABLE I

Antenna Spacings in Wavelengths from Center of Array

C6-1 0 IA IB II

Element Number

IL and IR .3 .3 .3 .3 .3

2L and 2R 1.05 1.05 1.05 1.05 1.05

3L and 3R 1.8 1.8 1.8 1.8 1.8

4L and 4R N/A 2.55 2.55 2.55 2.55

5L and 5R N/A 3.3 3.3 3.3

6L and 6R 4.05 4.05 4.05

7L and 7R 4.8 4.8 4.8

8L and 8R N/A N/A 5.55

9L and 9R 6.3

10L and 1OR 7.05

IlL and 11R 7.8

Note 1: The "L" and "R" suffixes to the element numbers designate the
left side and right side of the arrays as seen by an aircraft on approach
or an observer standing in front of or facing the array.

Note 2: The physical locations of the element pairs with respect to
centerline remains constant'throughout the localizer frequency band.
The electrical distances will accordingly vary as the operating frequency
differs from 110 MHz.
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TABLE II

Antenna Carrier Current Relative Level and Phase

C6-1 0 lA lB II

Element Number

IL and IR 1.000 1.000 1.000 .893 1.000

2L and 2R 0 .363 .394 1.000 .964

3L and 3R .200 .143 .394 .714 .892

4L and 4R N/A .055/1800* .212 .491 .791

SL and 5R N/A .212 .263 .669 1

6L and 6R .060 .160 .538

7L and 7R .060 .160 .411

8L and 8R N/A N/A .297

9L and 9R .206

1OL and 1OR .140

ilL and 1IR .101

*Everywhere except here, relative phase is 00.

Note: The "L" and "R" suffixes to the element numbers designate the left
side and right side of the arrays as seen by an aircraft on approach
or an observer standing in front of and facing the array.

7
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TABLE III

Antenna Sideband Current Distribution Relative Level and Phase

C6-l 0 IA 1B II

Element Number

IL and IR .900/0-/1800* 1.000 1.000 .222 .057

2L and 2R .300 .890 .759 .667 .169

3L and 3R .0125 .700 .414 1.000 .277

4L and 4R N/A .416 .586 1.000 .326

5L and 5R N/A .276 .889 .387

6L and 6R .379 .555 .369

7L and 7R .138 .367 .352

8L and 8R N/A .281

9L and 9R .233

IOL and IOR .135

1iL and 11R .130

*This phase relationship applies to all values in the table.
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3.3 Antenna Performance. The minimum performance array, Type 0 as des-
cribed herein is self-clearing (i.e., a single frequency rf carrier
provides a course as well as full clearances). It is intended for use
at locations relatively free from reflection interference sources in
the 1800 front course azimuth sector of the array. In comparison, the
14-element, type IA array, also self clearing, which directs a greater
proportion of the radiated energy along the runway centerline, may be
used at locations having a moderate extent of interfering sources in
front of the array. The radiation patterns of these two arrays are
shown in Figures 8 and 9, respectively.

A graphic comparison among several arrays is presented in Figure 12
which shows the relative distribution of sideband radiation versus
azimuth of several arrays. Note in particular the relative amplitudes
of the 8-loop array, the 15-element V-Ring Array, the Type 0 and Type
1A array. In general, the greater the relative level of off-course
sector radiation the greater the potential is for a ruflecting source
at these azimuths to cause a reflected signal to combine with and
deteriorate the signal elsewhere within the coverage including the
course where beambends may be caused. The improvement made possible
by the introduction of the traveling wave antenna arrays, when compared
to the previously existing arrays, is obvious.

Figures 15-20 are presented to show the radiation patterns of the Type
0 array as frequency and course widths are changed from one operating
limit to the other. The Type lB (which includes the 14-element direc-
tional arrays plus the C6-1 clearance array) will provide Category II
localizer course quality even at difficult sites and may also be used
for Category III ILS application. A typical radiation and ddm pattern

is shown in Figure 21.

The radiation pattern for the Type II array aq shown in Figures 22 and
23 shows the exceptional directional course characteristics of this
array. The Type II array has been proposed as suitable for application
at difficult Category III sites.

To date all the types have been installed and tested, and all, except
the Type II array have been put into operational commissioned use.

Each of the five separate arrays described (C6-1, 0, 1A, lB and II) is
driven by two separate input signals consisting of a modulated carrier
(CS) and a carrier suppressed double sideband signal (SO), through an
input distribution network. This network which is different for each
array, distributes each signal to the elements in the relative nominal
current ratios and phase as indicated in Tables II and Ill. The antenna
input distribution networks are illustrated in Figures ]0 and 11 for
the Type 0 and Type IA arrays, respectively. The relative ratio between
CS and SO determines the course width for a single array (compare, for

example, Figures 15 and 16). No backcourse is generated. When two

.. .. . .. ... . . . ... ....... .. . .. . .. , ... . . . .. . .. . . ....)



separate carriers are employed (Type lB and II) , the course radiation
carrier predominates within the course sector and the separate clearance
rf frequency carrier at azimuths beyond the capture points where the two
are equal in amplitude. Any reflections of the clearance energy into the
course sector is discriminated against by the so-called "capture effect"
in the receiver, i.e., the non-proportional discrimination to the weaker
rf signal by the predominant course rf signal. The relative power ratio
of the signals to each array is adjusted to provide an overall acceptable
course width and clearance. On the courseline, the clearance carrier is
nominally 10 dB below the course carrier. Figures 21 and 23 show the
resultant ddm distribution from the dual frequency lB and II arrays.

TABLE IV summarizes some additional comparison characteristics among the
arrays.

3.4 Monitoring. All the antenna arrays described are provided with integral
monitor pick-up systems which will supply localizer on-course and off-course
status signals for conventional, i.e., typical FAA in-use monitors. The
shortcomings of the monitor systems previously described such as
environmental effects, overflight interference, and time delays have been
eliminated by the integral monitor system. The integral monitor system
effectively samples the energy radiated from each element of the antenna
array and recombines these signals to accurately represent far field course,
and course deviation sensitivity or clearance behavior.

The monitor combining networks shown in Figures 10 and 11 are typical
for all the arrays, except, of course, for the number of antenna elements
involved. In the system shown in Figure 10, the signals are sensed by
eight dual couplers representing tue terminal loads connected to the
outputs of each of the eight-antenna elements. The coupling loss is about
14 db. A set of one signal from each coupler is taken and fed through
cable lengths chosen to be of equal electrical length between each coupler
and the inputs to a 9-port resistive star combiner, the output port of
which represents the combined rf signal which is fed to an on-course
detector. A set of a second signal from each of the eight couplers is
taken and fed to the inputs of a second 9-port resistive star combiner,
the output port of which produces the combined rf signal which is fed
to the off-course detector. However, in the case of the signals fed to
the star combiner for the off-course detector, their electrical paths are
not equal. In this case, instead, for example starting with the cable
from the extreme left coupler and going to the right, each successive
cable is increased in length by an electrical length made equal to d Sin
e where d is the distance in electrical degrees at 110 MHz between two
adjacent antenna elements and 8. is the off-course angle at which the
signal is to be monitored, typically 2' from the course center line. The
value of e remains constant in a given system after it has been chosen.
The combined off-course signal that is produced is essentially the same
signal that wuld be picked up by the off-course dipole in the field at an
angle 9, provided that the dipole were placed far enough from the array to
be effectively located in the "far field," i.e., beyond 2D2/X where D is

10



TABLE IV

Summary of Characteristics of Traveling Wave Antenna Arrays

Type 0 lA lB II

Aperture 45' 83' 83' 140'

Separate clearance
aperture N/A N/A 32' 45'

Total No elements 8 14 20 30

On course aberrations
due to reflection +150 2X Ix .2-.IX .X
to 350 compared to
V-Ring array

On course aberrations
due to reflections Unlikely nil nil nil

beyond +35' problem

Carrier beam width 200 9 70 (dir.) 4' (dir.)

SB Lobe widths 100 4.50 4.5 (dir.) 3' (dir.)

SB Lobe peaks +80 +50 +4.50 +3'

Typical power input
Dir. antenna (watts) 5 5 9 6

Power input clearance
antenna N/A N/A 3

Radiation beyond desired
coveraqe sector as 10% 0 +40' 10% d +40" (dir)5% (a +11 °  (ir) 

compared to maximum little little ni 1 beyond ni I beyond

beyond beyond +R +,4
+500 +500

Lb

i n..... ...... .. .. .. ..IiI I ... .. ' .. J.,,r --



the width of Lhe array and/ is the wavelength. For a 100-foot array,
this is approximately 2,200 feet from the array. The arrangement adopted
for the off-course signal combiner approximates the ideal arrangement in
this repect and provides a signal similar to one that would be picked
up in the far field.

3.5 Field tests and implementation. At an early stage of the development
effort two significant field tests were conducted, one at Tulsa, Oklahoma
and the other at Boeing Field International.

The following is an excerpt from Contractor Progress Report No. 22 which
covered field testing at the Tulsa International Airport in August 1971.

"The V-ring generated localizer course serving runway 35R at Tulsa,
Oklahoma is very rough because of the erection of a large hangar for
Bocing 747 Airplanes. Depending upon whether the doors are open or
closed, the course bends vary between 45 and 60 microamperes.

The recently completed tests at Tulsa were undertaken to determine whether
a CAT IT localier course could be obtained with a two-frequency system
consisting of a fourteen element traveling wave course array (FAA 1B)
together with an eight element (FAA Type 0) array as a clearance array,
or a six element C6-1 Clearance Array.

Several combinations were tried. Every combination after some adjustment
of input powers, resulted in a CAT III performance. The arrangement

recommended as the result of the test consists of the fourteen element
course array (FAA Type 1B) placed at 580' from the runway and a six
element clearance array C6-1 placed 780' from the runway."

The field tests at Boeing Field International were conducted a year later
and included testing of all the newly developed antenna arrays. The
Boeing field was considered a difficult site for localizer installations
as; the existing localizer waveguide installation only yielded Category
I courst, quality performance. It was found that the Type 2 (actually
the same as Type II as described in this report) would provide Category
ITI course quality. The Boeing tests served to demonstrate the
relative performance capability of all the traveling wave antennas and
the existing waveguide and eight loop arrays. A major excerpt of the
Contractor's progress report for this phase of his development effort
haiu; been included as an Appendix to this report.

To date ;()me 13() each type 1B systems built by Texas Instruments Inc.
for the TISAF and FAA have beern or are scheduled for installation.

Mort, recent development efforts by Andrew Alford Consulting Engineers
under a subsequent contract have resulted in a single combined both
'urse and clearance array with performance comparable to type IlB.
Additionally, special monitor arranqements including antenna misali.nme.nt
detectors and rf cable deterioration detectors have alsio been developed
and field tested under this contract. A separate report is ant icipated
on these developments.
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APPENDIX

SITE TLST OF MHE 'iYFP 2LOA2;ys'v

AT POEI1 FILLDIIENTo:L

AUGUST 22 TO SFFTE",-F Ll 7, 1 72

JANIUAEY 22, 19,12



SITEI y -r it!: 'in pj T4,, vwn AT tv *: :

3Aug'. 190 2 icc

fcr 2 3

5. Aug:. 24s 0J T; c

Ire'ct t'.t't C (0 ', )

m;l 1 ci- C(' N 1

6. Aug. 25 Ercct 21~<c'

7. Aug. 28 to
Sept . I I' 1 I pt te-;t s of t vca' 2PcM -,- - :'i I P :)t

t ype 1A 'Iocali> 1 ". 0 IC.c>. Y;fl1)
loc-.iz1

P8. Sopi . C6 - 7 1'irv11t p et:rc: ack5 n truck for c'mlun,
slipincut to .A~

S. Sept. 12 A'riy arm..t at 14110U.

A-?



Sut, i c f- "".t o ilt s

Th. re o e:- n t I ty c oIu c Lc: : ttt~ L; t I I t YyP 2 1 cc iC o

arv~iy w~y J2 ir~g i-*2 d 1 :teric~t ronic cic that:

-1. Cour- l ur(o cf' CAT 11 1 Cudi ty wr. o. cn

2.: i ii.c!.:cc;wJ tho tyy o tocu ra

3. U I o I lit Ic r tih c j oir lid 1 lt> '. o ilc.. .

3.0 W-itt- int z c tic' L3 c 1-:ont a e 01 c or! . , 1 1m.

Wdtt1 i7.jo.1. LO '' 22 eIl 2-,t co'1rise a

4. Flij'ht to c! !. ty'-- b: Jo ali: I

Ih ty' a Jo c ri ' thaI'pe C- 1(-1',

C00121T: I C L:' ItC '' r 0 c C C hU t

airdy mov-'~ t-i 7 ' ci-rur-tm an

a. Ij' I te a tht oill. cv 7 1.

ill iron.t o' tlic, r arr-i w, r c y > .

thaLt ! t e f: c-t of- tlie Stat1 on-, '.,I 'Jr .. ; i

watY c I t .-- .- :, c i '17 1 4t l- frLct C ic o

ver T'' 1: tl I

7. V!rt icl pol jI p ti:,.,:or aor i;

to jol w, II wi ii! ni Ai' I L r<'



TYPIL 2 L"CCt.T iTP. AT 51):11 TI EM) T12.NTEF':!,TTIO'A!. t.- V

A.J

In wiOt : requirements of YAA Contract TF-'-

2253, w.., e tL , ',y- 2 locali w at a "Prol.1- i s

dirpurt wl. 1; ~'Ci I i lt. ovinr, Yie.16 iziternat iona) A i r

Wsington. Tii I cil i 7,> rwore erected on runway 137,i or t h. -i

The( rc ii! seri c-t 1 -were ccndu ctcd bctwer-:. -I": ?

1972 , aT) ~.711 .Y r 1I,

By n i ,n! 1 . mid. 1-: the FAA, tht-~y wei I z~' rrt-<

Po~iiig V.>3 f;. m A<C , iLK itrtvd to .FCb r:.T.c:

*ol,, 1, c n which to cect tLh array-s -ind lrx,2::..1

w.i-, luovid',: 1 y the FAA rtwet ,

The a!:sevi-ly of tlN- arriv.; wan porform-t 1lv Alt :'A ltr-;c nei

asiredlyF ~;n~ri.fr ;i, IAA r.in -:n .C. and~ t Air

(-Or'i r. v! i o;ilri ng - In fronm tbc i. ior t '

Fl l, t L' ts wer-con ('il ,it y WE12 ~Y h3 F,;A. F!A; Arr't

a D(-3 , C: :dfcr al,'t; FAA p ~; l i I- ti!--P

I~v'~il ~'~~cr, 2it~l, h~n'1ni dl 1 ~f I in'th 1

ot th, ', a:i w-11 is purl ic ipat i g in th tent ut tho array-

The (lr.r* iC: m e c uring t ho t (,: :; 1y FAA pk-roonr; 1 ,:i

noniiFtA L!, Ill r W C: rde. A s t ChI;'.r

in t ' t-. ''I is g iveni cn e I ~ o O t i .. rl



T Ii ae I, VC "I 10 1x'c t 1 -n. n .uc cc-soful) :ir-A have provid, (I

LuI2 u. lful .2i !, il C1 1 1-- tr'ar j:: .n -r::at ion on the family Of a r~

c!.-. .i-1 -1 wlol- "ll* t A trac t . A n ot utia] porL ion of the r;--~, ui12

d~~tc 'n l'*i5 2 .A2!.. eot c:pcelt of all.iih

With t!, I;.n .. ' iu rv th run . ." ~.x c opic. cl

pht.; . 2EKi 3 3.- 0 C33 shI i t he tU:o .rr,; r .c

at FP -I im d "h) r1 3: '<1

type 2m , a ~ ' - u; the *-i, (:.Iu ci.

array

Cun 1 14 Li Z" i I

gru-lv ( .-. , j1! ~ "1. 1

Thr-ri- v:-r zic. mu ?tma ;; ocv2 1. o t 2

an1 1.11 : *1

A-



spar ~ ~~11, i' ct:,nIn.cuuia'' arri'v Jfd tit(,t~'tc ~

app'cxi ~Ia'2 v . f~ .. iiia co i i ein is s-horn 1by a d-a~

Trove lb'' oelceni cloa rnc(' Arr"fr- ,twyt~oi'

woc~isipl.irf~r: . -aa~c edat lier ccniter of, t och ri

eaohe s ' o f~ era a ra; orr' c - f ox''a as a ;:ce T t -.- p

wooJlen '5kc wa 2.; ic t o,*' t he'r arain o.t the i:-lw lorat ion oand tc ho

ayrre', yr ; 1made ]usaahl Vol.

No at tempt ve'; n iae to realipgn the arrav very acc,'aieciv.L
I

'Ihe aii j'n' . ni '. I ti, be cet e n of- the eirtVecmpi t aarn': I-

rea'per t V ' rurnwa, ca 'P1 151 Vrf d'ote 1,V tdp 1 entresi 1-' C,vr

For a lec.flt t ~ .'.ein a forl the. 1ar 1 1ha we .a

makng Loe riam AO .: to)! ocaite this; array %:i I as' gr'a er

pror a: in.

C . Tea t Ccar.

1.Site Selectio'n

The select i 21 of 1,e ip i'i Fid as the lccat ion to-r tho t ','a 2

local i;rccI' te;tS a 11j 1i!o. on the asi of the f'1oliig C i aj'.a.

a. Ret leet ioem.;; Fr'omnbna' and the surromlndinr I" :;ir~1I

,in CAT I crear.- '2 'iifltv ('V-.-n with the !ata-nd~n'. 1*AA a '.' o

locail i >.'l ( lv is ' ri i r r.e-, d a a''

would ro~j~iii- Ill- lvi.2 ml a'*r imI n'

dcrlay!;ar:~tfuce a i the teft'hi:ue c>

(Thi:; w I. uz.Ier' t '~. h~~t for t:. trU.'' .r



and t a, ol fi Lv 'lariy&- ji L.-- no d,. a,,, du,. tc)U

diJ not rui ,vdL'.of traffic -r r~'~. i

C. A w >'. i, I TAP. " 11- tA ';i'Kt-T t 1 0,.ic

I

and.? ta . o - . iy ' .,- ,.r .t .... o rc

of 1~.. ~ i>~ 1:L t.2 gvr c

we ', ,n ount .: I. Iur 
'  

... r i is .li.'...,l ...t.u- ..... ..

a. not i" c ly C, ic r . :..

de ih . /, ,'' .' ...- ] ''' .II{ CT,'-C, 
u ,,  

FAA .J ]-e: 'h *.t / r t o:' ;'

T r. ' ill x -' c

,'l' lK- , TV r,- 1.. n. cA t , ti '- :1, t V : .... . c

a t o114l 1 !,h i\ T, 1 ,,: e ": ,r , . r'd V~:. n t _: f T, , :' :

. rd ,, . . .. '. " '' 'I ". C . ' C . -. •  
. .A-7

de' " ] ,::..u ' . c . :''.. ,:_:.f w ol '7 ,< n ', :. . : , ' : :



O P . !.C) tjj -' I'P t Ja ti P tit,] 1 r Ct. 2 : ( 7.,:1.

o, I I f~c. 1. x~~~' ot rl; I! ,C '

di I . ty ~ j'' a d Iit fc >

in~ n'" %-. ( 1 9 r . ie ty o', 1'mo.1

1 Emi(-,U]. of* t hc x 2, ,: Ic>

1;4 Itt' c~I:y~~.7':

,IT" 0* *. 7t . pt. -n.< H2 (.V ii c i',~' 2:

1:2..........

dilY 9 9'. l i '2!) LL I> (I.t',: .' inin I



Or,.dih L ,! L i .' .. '." , ,

iohta]"" . . ' . i . :: . ' .. . ' ' " : " "

or n :. : . .,' : , : : . -

r- .at . . , .

thl' t i T'. t

wr e o c, .. .. . ... .: - . :. , ... t h ... 4.Y .4: : . -

3,11-,,4 ' ... , 1 , - 7 ', I ,-, .C. • : ' C I!.; ,_l:-;, : t . , P:' . " : .' 1 4 ;

the 1,'... . ,4 1 ,/ 4 '.:!_. o>?, ' .. . . ti c:t~ ',f .. ... .. . ..

t, . ut.l,: I' .,i - , . " ' ,, ur' . .7 .... ." ,.i ...

I-, -

•~7 A-. I'



T?:'. ::w'.' ~ - ltr i < Iox the, tour: ; lwea: the 1-,') . it :.

152'~~ ~~ 11. it :,alOf ii,-> flV'K tests con the e'I-- r:e i.r<21

ic1 1y' 1;' wi un.,tar.' t tr :o.1 Tcote mad':' onthi 1

Tr . ' 1 '1, pe r'ecb c cii-c, hr,-cc'

Th,, n'I ut cx. 137. l

ah 31114 rudy r ' t eC o i U n ' d~l'a

totl '1 f o1': ILI"hcIE I'L' ' tns{

foa ~ d p- C- LC) tI t," -,1 0t loo a' n 01

DU1 21 PF C i- ioll, '~u '

at Y, d* * C'- I7 N7>.

fo 14 i.a E ' AC o t:. I ti as> z C ]S.

tra:12V,: ni- tijut..n to C, > 08

r.. rT ci' . ' f Cs fu rt 'r in irs U.oi2t



tBS'l or, I,: cis Jos> lic .rc I : ct" o ow c 1 11- z.

ap - > . .921

Th iI



Ic Is If cc - ld to in :tw Di. 0: : f 1 1frtz- . .. A.

IX- :.: ,..~. to c~s1n.7: . 106 -: ior nC. I'.wl0<'<

il ': . Oct, > . C,Y fvclto-i CV- . .01.1:

by1 t. I VLa.: . Ti. ho .1.10.-r OtO;

dC. /.T& I! A.:., :17.117. nc- I.- c~~cCn

. 1 CCI. 1 r' It&o Ac: ma front 0.CCC [ o nfi.Od

~~ I 7 ;

,-. . - tlL 00 ' ' 1 .. lUc

'12



hi l u I f

Ii'.;~c C) fE t h v r II'. ~

It hadI 1:_(n r-'-vloa .: sL:ervcd ar x 0 1.. 7

Liar rc m i i1 c. iy no i nt er fc- i cwt t ct 1

f ront of tl In -'722 1020: dt0.r , r,: I

ho; 3c 1o; ra ea.

the ;zaoeguid', 2e av. A Q p of ti" G 030 ''7cc-. orQ~it d,:*

and a cop> o' Ic .3 : < 0 c d Ut a 3i I wIL*,~ C,- .

in~ front of ti, wa- 3'd2 rra didl :01 1ic 1 07 .

frcn,-o. $'@ d *a- f (r r 5 _ ), and I n 1

3~n 3, 4, 11 ,13, 1"; , " i I ;, from 'sl. !,

As aro ulIt of n ) j o Ft li a "'I dc -I i.wi 1

i.ithcujcti' tm oul in front: of 11, 731 lo a' '

PACIE, fLaL no) 1 10>~lt u >O:10f t1 hi PJ 1v

lad" oCc r> ul 'v 1, v s s, tio r. o! , u'1t 1 :'

u M I. Tit a I

no: -n'ic0

t13



at 1',. 1 . 351 ,.(ctor f i ', th;e frow, c

w it;. cY 'iii a0i:i, ho".''<,_r , ci e~idii;<d to tart

Cu Lt c, of ca1.: 35 ; o ,hat aii er-cor in ar.! cf 2," or 20

Cul, . .1 ot:.: f n<Ito;nlc Ci do .t-ic- of01 -. -

at '31 1:: il c to .:arasi 1a 330 tAeli in- Qnothei

I'rv~ 'a- i Itda t i til. n o.- tli- JytAA array, at 1:A1,>c dot-c

h. f-_ir- off ];l tl: c1i a:'a!.7cL. qu te clearly. Tim dao f-

NA-1 a,': rl 11.. a l.a.?24.at haI .Ia ud 3

on t 01 .7 Iu i.

it w. f an. Iit r1-; L)u r'C"Cth ion o! 'Lhe site Lest dat.I *Toat

in .c:.- i. }a7r a ja u 10- or 135 0 wera, nota.rya

wlIi Ct.- crc,:OV 2v rot Tt was; a.Iso oixc-ervcd that c-n con.o;-cut iva,

I'Ull73 or succcf;L7 1ve runs ; o es7nt ially thc r

te!;t tl! A .tw t Jcral t the- ind1ica tod aniles did riot aliraxr -, c

III - 1020 Ia ha' Li obaervcd onl a nmr:6- of pravia i tort.; f i

It wouil 1 c a1 . if f io n tailI viitid or on i1rre~ ii, ctt'.A

S Cc 0. I '2.1 Cli to. to traivcrcz one por-tion of tic sectoa rl .A

tia;: A iIl p, I iocn of th- suctor. Th is eftoct w~ould *. !1,2-h

an, T. - i on tlir co.fn- I(O.uri'i::,ti Anlothr;r >

ccIU, 017] 0 7. thim A /%c ci 1(20.1 I n CLtie r caO'; -mal Cr r,,r:,

v ,c v,!ac- i. tn ;r 1i i- or t0 i17&o (rdf$n o f t 1-:. in, lt i$ m int

cour_-c ;ik. au- I ounA n, were uo'cd. In reducinig the~ d it', o-



a fc . c :" f c:-. .0 CN2 1, ; '1' ..1c-;.'1 O

cii: :. I <I< ..... ' 1&ct.e ycr run :.u. X,

111, L4 1 c.i !,Cc -,rj 2ht 2c al:: loalrJii c.. Il

a 20u I, I,.~-~ Dt*c:-p the cu-c:. - . '.nc hc clec:.. jl. . :1

fr a c L-, . cc cf 7 -. : . I- ticctn i Courc< crca

cl e r,-: i iIt :;hc-11 I-

as woulL 1 111 C'f e ill. -1 LZtfar ; I .

G. tl:. T- I T2~2 -wYV .-. .I IV

Uach ' t~iL.-2.. A i.. ricac- Ic all u c- .

of the chx I:> t lucil 1ci ;1c L Aa ;o -I :tu..

. . . . . . .0 .. . . . . . . . .. . . . . ..1 1-')

* ~~ d dt - Ic: icr. i'~,n I Ir',rc :t onc' < I ~ iiA c:

I o oll jl I tI; ''I.i-n Ij~fl~ OA c; c I iCc 'i)

-470~ . 1 i itc , i au! ct -ln:- fit1 1e -p : 0uicli: 'I u P-

di rctminc. th P u I:1 I- . t14- it I ec .2i hI I 1 at

l ' : (I ' Il - if..a . i a C j i: i L c



Thue unahlc di t imce cK. t a I. .I iod at Y;cx irgI ld ; pr; IeIt o

1,0,1-~l IIE atil 'i -'l- IV. I).itsi for both iiv r. :pvuin. 'Pie

I LdIZ c u Ivrei LS ,in' 'Vo vI I ['I')le I. - inii u:c fli i,, or-' rcajvcn

iii.'TIi1 Ir Th I;o::.u: I lu g c, jI-, 11 ili l j Itcs;-, wl 31r, ~ o<

IlIOcli a r~;'nt1 ii bio I I c'1IV Shcss.- that, u i;a s c

wa:; c (li Vol sit Ic Fi7l'! Ica, all test c~~ccfo

a lso "I,- I ir tlol2 t da, thIa Lt I Jesot ait loei i. 2l iI 'cof

thc -IA 11 lcsut(,( on 1, Lutis i dcos of t2' rI'un;:a'.' , t2 in-* ::1.~ IUC" r

of 2.8 to 3.0 watt_ sit lb's-, 8 cloi:csst or 6 clcnmet,t ci caranc-e -iit 3.'-

reu;inl accepta 1ii Ic Ignal t at.levels al, t!.. to-st ltuseo

11,00 It. above MI

'11c ACC vol tago: i' ven ini 'F: ]c 11ll c thatt eadI.in

putt :1-n.. ire oc.c. ;v~~'ti~L The lacd. of ''--- r 2

b)y ti:c i i von, in WIluIV is Uet L 2i~c ~blsistc
diI-oCc, u c 0" oi I O !ontie 90 ^_,Ido ca tho ec. loi. h i. c

A,I,. At 18 NM, thu dircvui t woulC V t bel ow tI 1 ,2 I so' sight a t I -9

f t. L- i. herv-luction of signal in the uIln ctcc ~f 10 /f

.18 N" cc rl o- s to thle ig'nal ill t h- 0i rect ion of 12 0 /J5O1 0 (T

at It, '::') i,- aIPro::s>'n>-lv to 10 uP11. 'i:10 c-'vatic! c' tie tr i

aI l t I I.he " 1CC / , 1t i i I i:s 1-' 1,a1 i y , 101low. A port ion of t hi! hilly

.srI 1 sj5 na .f o A332-KIIPA.

It will I,, ols"'l'-:,I f 1") th !,it pivonl in Tablesj ITT j!) Ts tIt -

whentheAK v~lt1 v-, -, :Xc''C'd t11-cere.e i", toC ajito: iut

ru g" .5.sA 1.. [tIt AIL:u I.Iicro')iit; "Ii .151 ''ssD

the 71o~ to:t Is -i. le i ibrat i on c urvc' Ior thew a ircrssif Lr,-iv

uhe It. :it t -t a1! :hosuwn (ti Ilwf . A -2021. F,( c ieI

foin. C,:' 10 1.~. 1;t' 1 ;u 10. 1 ccc ivet ' 1:0. 1 for 1'uw;' 37



tiiru 7u M '-cd N.1 v VC?, -. or i: 1::2 7.w,

!,v'i(,I u I i l A-,-,

in L7. Cv. 3 '

aC -'

tct 1.' 1, i. - i 7'-p I

pati ;I . fc Cit 11 : I t O ii lc

dj~ii'.it~f0 1' ' ' L ' ic s of the i.!)

dtp.jT lOX 1 y I ro'' ' IL i.
1 

'hc I

f.er ttu I~> Q

*17



A,; ai c-or; i~ i a fn :;I', k ie c 'c u,.,it y -C

cau nui.v I *0.. WCJ;1 c ;:;I ;; I
:0V. I-, c

I t a '.aI I"c I. t. r.: y c::, c c 11, '

soino ruli. t;,i ;. on notI I; tlU 0i.e. U.(K C .

ai' E2., e ccl ii.ctedl I)-, :',IU;.~el U i . u c ui

ta. tl,( Con! IK) -Q) Q~ n I . '!

ohf t~ 01. 'a' 0 .L111' LIna (D ; X..> t 1! 110 r. 1

be vVr,~r.J i ;dci i:', i: h~.'>; U.~z;;

ruu'h a';ii. r" 1. ;.~~iT e do.) 'i!;r~t L l r'I i ii ul ii tc

thcA I _0



All) ufa.'n ue rn wer: :.2.

only~~~~ 32 i.<.i, 1 s i. 8 ~ ~ c s: i c :f i

U~ s ru ' tf L 1 2

two stu,..: iti inc:' LI. 1 C a, a

data AS 1 ., 
1

i -I t~' t

tin on to;r ",; 'it'A . - 1i ,.

Drii.n3 t .

a lue- r I r V ., '

par!:~ ~ ~ ~ (-1 7.W'-1

pod rt , a i u u... o: 1.tw e I'-1 i



I. Cct uI H1I~ t" l F i en - V i ?1 1 in (-r! t 01111

In ji1 '2" -rt io:. DY he te to'ut'; at I' , i:dan lil j.al

mln lu h X''u~'; t!. v 1. - i W'- wanited to no;1.

provid. d l-,y t: wav"L -u>.. pro. :.:1,' In u-, ,;12

2.) if m'c. Lciit ;I, uch coi'

I:~v z t (- ; ), '1 11 :3o>pI:i a 7, nnah~cd.~7c-

t )dI0at t: 1 ;i tc. .flnce clearc,-.-'

an! p'! A." df i c 't" t' : thte c]'.ai anc-D3-. A uo 1!.) inco, the Iii !I

arounod ti, .. tt Would di ct-Ite tho re'quir- J input power, the -ranml ii; -;

centerveu or, th !;.-cur::e qual: ty tha t wldbe ach ieved.

Iii .x 1 Plziz. the it; ,;< 1. li''cdtoutth'u Y":.o :;-

would C-za- ~ f-a- illy-. th'rce 7;tcuru 1. .i tlr I 2u r -

Jabeled A, ii', an-: C urc -o; (In to; viewa) On Li 32 L.I r

±trct:-.;Ic::atuAon. ti:, o:;2 r nliDto it , w-re c-iAr;a-oic

eiti'i t: :11 cr to u ur- in :uuh! a w,-iy th '* ru-f> .

from tli-!; i. t ulil li-L -i- : 1 the( p.-:1 of th COUc-U. l W i I fl th, 7>

'iic til, ti V. A e> i: P ti;-wm~~''i- o

ti* ip, ely 1,0f1*~,

fre-t hh.Cir7l2 t(.i'z' -r;: of ten . ria l cv~i

cet aI (1- ci *. Tc ;..I 1 : -t P w r i-'A '



Structui,2 B is o-n, cfi lIe Do ij,' co, par.n: 1 ',1" >I~h ',I I,£

is ap I)ro:i :,.t cAy 303 t cia cil and J~siacv3 to Liu: ts$ Stvt! ure C 'f h '*Kgilciu'<cr This sr>t±i

Thu e tcilc c3 ucfv t of I3"~ ~ 6coflit 'ci J l

that the C:'~vc sourtu os ' all the Oor lie ill theSa.': el

Froti i 1
± ,,h-:'ion of i- effec tof cub- ;f tl' K

pr inc ipia I~ z vt tL: C),r C 4 i S Ii tI Zt II Vt3

of these- xu: a to r c .- 4:- 11 clv 1: I allo I to a'T>it

a'ti t CIZL o j'2 1 t" 1 1,

L te cae l )C Z . t'-: f c -) It I

Euid>.p th itc tta' Co Ic v-u.1'''

itL I(I offer t --' C'- -

t hx--o LI t 1d- I of I i t an ai '1:c)o C3' <i - .i at, s

lc,a 1 1 -r m, tc u ~ J i. e w rlb1)u' t c i-. t r tc ". <, c, c

bet Iwn ap :Ixzi:.,-; 1; 37y 9-t ald tYOCfe- t-s -

in .co-uld C t-,"Ita 
t o ccun for tho coult cv. <cr

bt-4,t F1~ [~t* Iv 1: LJ> u f th- rio -1' te

iOO fact.

]n ouri Pl %-,n i y C t C Lt", V-i Att( o.! l ~ < ' m

c curs L'i- 3mV:j :.titIw:uJ, 5  f

fcrcility prm':t 1 i U, I. .trt 1I '' 'ct ! i-un C)I t : it U



facl iiy flight of t''a' 1972.1 The maximum eouirsp herds o

fojutI L 1 - ai 1 '- '1- C 10 ;-i ci o c-ares. Later mcas ul-c:- nItaa-

stuae r i: t t:c th e Kit -iitt r r:1

Br-O!s dh' d-La f'L Vl~ 0e'iLt o:-,iit array alonec, LV' aunt v

Wrr PC IslA O P- .e-. i tely t 12 i. rom- e . Later :ca .T: C

h.1%.k. :91- 1. , 5 wa~s cot- - t. as we-ll. Te sx' s u

buni. 1ti-I h run.(oc:.rcd eeen 2 feet and ± 22':02 fec- fee the-

t hr- r I . r ~i ut i is used! to Indicate 9 s)£02raeu--

thetil I in thl liktCCtiOnlLm r: the ah o.

Eu I,! Icii b je a Ix'7 lely Sc ui SI of 'Aeb..? a

hetwe-n U t2uCO fue.t . A caleulat ion of the-i na:-: 1't -u],L :

of the -)- ' ,end,, die, lo hul ltin- APuti ~ it t" £0 o ft :.

gaw. 17.21 r:J ampe-r -. 17)" 'The unit toaie.A u--r.n ca leU 4I,.

of boend- ti L ,uildiagC A als-o bate ,n un it locali.:e r, u c-

o G 0 ft I il at ndi cc, t cd ma x imr lMnC ca11eSt i-nd - 3Of anpre ir sttel y

.0n. r~ . !-, . What til; meant i!; trot Irai orderl to ac:ountl Li-

th u--rvt110 ...t...st- C) t~d ~i 'The 8 in-:-' 31Cae:.-

~eL-'-< ~ut 13. 7. 1c i. - e n or Witl, a

8 ia-o~p iri- i:ny 2.5 1it--mU r.' , if C1 cu t-T it.

I

1~1,- l-. i it

A i i ttla



bc.Lcm .02 b'- l. , jjx jr ~~ ~~~ 7.01 wc-. cruld Still .

that t '2 y .il .- : I, - r,-n

arr-pV&5s 'I .. I. tt af I A .

cair tuz' raL, ':A d to

From tli- tc i it wi:: fc,:.nd in:~ -ccr2.;. > I

1. T1W f~i. li , ~ jrj.cv :,~

2. Th12 Z,:. Ct; Illycr '.~ . V

hO~.* G11 oi IlI1. 2l~
4

'

t il .: .t >2L2.

-I.2u2 I .1 2.

and~r T;-- ~ . 111.. . . . . . .

w d L, t wa: i tI n I A". .m :1.~

8 ac. tr I 2 i li'1 - * .K. 1

I ti r,. 1.J 1: 2

V-'t t



0Ic a:. iC* 01,. 1 o th,- p.auo at torn data, wo wei sciceveaht

sur~ :2to f *:I, 'thit *,he rvx~mNSD i. tlie -Oirect on of- 10o f

thu. fj rit oL-;;c rz- to Lc a'-ut 14. 4. The accuracy o,- the SO,

scu.:hoin dcuLL . To partiallx hcr the

I?~.Aa:&c.pa tni at~,a com.-ar,> on wa7 made t>22 the anredPL

o:: :,u~1 ~1rz~:.ct '.it at !:,: a:.d 3000D ft. latc

on cn- hand, and- t>'c1cil-? fro7:: tho mtzao-ured patt.erns on tOn-

otli'!r hii.Dw'. A33L-SD' 33 ow this coparison. It can le !teen

that ti.- 1)ur :ltbeweeni thec calculated and mrcasurcd D0> data i:

Thi: areun lead us to baclieve that the course width value of

a'~t4450jiprba: corroot -. Since a course width of t,'.611 would

be i lc n :1 -tl",t : f 4.*4 at 100, it may 1,,- asSu71C; .that :,-I

Valu' o f 4 14 j' dcoftp ful.

In cre!er to 2 errcthe i1t.clevcl c' co-urs-e ::n to

Lu x'e'df,: a of tO"- prcal:ict :-:vvc>

coi'.stru -tcd i tahiek- of 11hiD' z for ujach arr.ay with an USD valuo listed,

bedon the2 M(ua;urud-' couroLo wthin each of the dietin;of

reflectin'g ouc:,"""",an'C.The:. e direction;; at' mcasurte'1

from the loai: r, uii7orrox>:,tcAlv 5.6o, C.30 and 3.00. in AIv,

fur urc later ii' in1s0.tomxVn> t co 0n 2C3,

30' , ai 40'1 arec i ~,* Table V1.

If the mix: . ,.: ioe of the ota---oar;uleo

:;eCt ir*:- o. .n ire prc' c~n to) tiS valurf of L' 1I

a numbe r ci tlfittr- ni rravs il. a dirOction1 of a :upc. ;'cio

oL>:r, O no 17--1 (-ar- videooce ti ho so ec'*t 'I -

tl; , rei i , t th'' so':ofti aia: '11 'crOU.

maxiirtum a;1t -of t " cour . t-uni: ihulh ta I "no.



Since the , re seve ral cli! tlnst group-s of course bnsat

differentl iisane rom tie tia'e-hld aIio the Course, each group-

prcol.aly 11:4 prod ue U~ cll Sherent rfongobjects, one has

to mieSx') los: i;>D in theo (1 iX Otlofl of the- seve-ral

su-'~tt' '-~" Ush Pt oL' shown infss

A'3 - 2 - 5 0 - C" ad r,'&.0 The data o~n L-.:3,. 50

lieocsocCUP> 015asth it 's Le-,ccen

+E000 feet a, +-' G0 0 feet fro the Iii. ol etrs-us thec NS:. S c;Ii

the direct'in of L -EO Th.% cours:e bonVi t ' Cpdstne eem.

to be fully c-cns- for byreflection i idt C alcrw loses::.!

clpPr'Oxi;sate y at a.' ds seen fromn the loee' x'c. The ag-reetment

between tiexm res'-u-lt bD!e- on the pr- erlioralisy of u:
and crse a~a tudes :!s measured Is c oxceot for :7:

sight doCv:*.J. 5: n tecas-e of thie C6-1 iand' tixe 9 loop,

Dwg. A332-S%3T tosis ame,- 1-ge ef com::ari so frth

bends!L at dit::bten-00D t and 0 ft flromIc1

For this range(- K distance::, the source bends sor to )e c2

comple telIy to ulSn;A. uiinvAis- locatedl at an ln7', o' 6 2<,

fr:m tiie lorali:zer. The agnesmen:, :t between) the- tLhe-ory aild the

me :sin'cu : At copt for In- 8 lontrray, i-o v--r';ftY . C

A32-S~D <n oze: <e:., tipe of ccS pa-TI s's~nen'fs

A32-2 a: 2 , cnco h esn~ a)rmsurce b-

at ditne-1' 2fee.t nd+00ft. from thethe i >I

the coursl"r ., tdi ass ewe f'et: ani 'az C

fro;- tieo tI r 21' ,u--P fre: beh relc P~ uss '- ,

th!u t-r'2et en -r o-i to ILI-, ol'd hof

appea-r to U l.:I;illt- p~~~ A h:.bttot:'



Sourcu B. The N'P' s Lnhcsri: on A7? 2'y4 . ~ i t I~ I e thos in T 1 Ct r i0

of 8.00' from the u si c.l* Z v ,uuz ;:c on c. '5C1,

-5039, aind -70wrut f ron: ''A C-ude for the eI. tioi. fnm

Characteris-tics, for Sngle Freque_:._- and Tw-o Fre ,en:s In

the Frcs .nce of Reflecting StructnU es ,' nd adjuure!, 4  J

courice width.

It is noted in connection wi*n '-i Dw. t3322-%40 that agai' cccrc

good line ar reiationship exists Lez;e- 2:SD and couse her.,_ c - alI of

the arrays except for the type C6-1 and the 3 1coo array; th,

however, obtained with thea 8 loro> array is part iculai2y p~ o_

It is suggested by the data shccwn on Pwg. A332-5340, thlat e e~.:

reflecting soucce, othoer tha.n objocts A, B and Ccu~~p' t.

there icn also som-.e dinagreemacnt for the T~pe CC-i arx, as

8-loop array, and further, since tllidean patt'ern of 11-2 -i cr'

is relativel!y idone should lo~cut Loyond. , coy 20Cr, f~r

reflection source.

From the course bend record-*..-, for the 6 loop array, ;; AK2i-CZ3,

we can determnine the 1DPVOX1:NatO Ciecti on of teroElc InG,-, onef

measuring- the distanices Letwee -n succo max he of thceeo

The approxi-mate d irection of vflecting source is given th

relationship / wh~re

S is wavclenirth at thetstfr n

is the2 ansl ewnrd ckwcg 0 c ~

course beisare be in;', Wbev. e * .11 hev i>

group of th;e cou-'se Le -'rcen



Purl i i I l i' ""11 t c 1(', m" 'It Li, ccJ;!t1i ) : ig e

Spatct; n eZ we ti h us'Ln i: i-ra (apoi l'y @02 i

.2tnte~' Li Iound' a ns ft a. rt'O:ii --t J1y ±J3 f,- i rcm th re Aiel (I,ie

fi id tLh-, th add 10t reilet Ii :Lurz sh id n a d i netcf

ofapoxae '10i::.tt n'ayancrit vxitd

tire no)Ci:t Ve~ - .,.thec] 'Te (I cti

o1 thu Surc is sheeoln by t-d- eci arrow'" en; 1,1t:". 3 -

Even when th lidirccttoi, c)± the cau rce it; known, theie is still a

prol'"m to deiterine1' wlhat thY~i; add itionlal source rcil:yis

If we look ak r':tD ft. at an angle of4 lie i the -13i

cycle side , no sin etrfato:source is foundC. If' -welodur

ironm +800 it. at 1'On ti 1 0 ago iico thle itotinarro-w '<

rigt tiroyh elto tn, utrc A We cannot , 1 tcnld

th-at weae1-p'.tIy in e-rror with revs2r to s ourceC dot' one

a ray anid, ,at t)3: saei,- , hecrrc s' '" to r-ut

five or six ethe r atavs. Y ocuethat. thure , >t an r,

ret] eating socurce eynssrcA anid that thi's source- is clot>(i r to

the Jocclilzcr.

If we bol;t for the roahesor<;oi fea:i. inth n:

direction, we fil two candi'-'datesur;s

1. An extensive arc 1': 0of telegraph wires- located pIreist

-30 feet aLoe Eitoni and running put-nile 1 to the- rillroad

tracks shown:r on A332-501. )

2. A relatively b~rc d -eishiltsida2 risinig 70 to C-0 feet a'ovc

the r unway an", oxt! ,ihg for, a tias of a itc t-]7

The liiI K lie rc,,;t ate t :;lei t-e 2 0"' on] i

from the ecu' A portion of this- ira Yh4 : Leo2n nnaci- L% .I

dashed( line ind ', nta as- souirce- P , see1'4.A2-OC.

-2 7



It may be a~zew.- that the r~flection from the telegraph wire'; 30

feet hiw11,old be ]:. than from a flat metal wall 30 feet high.

Assuii, i.u- ,-u,-h a wall UO0JO feet long, we find that the reflection from

this wl . it i: il.un.7i ated by axi 8-loop array would produ:e Lands

around 2.0 cIssear:2Pn, a:nd not 110 microampeQres. The telcgraph e,

must, th,,,cIL~ , be dismissed as a possible candidate. This leaves

only th,: hillsjide and a substantial row of trees on the hillside as the

only pos..ble sources.

A-? 2



Vert icLA. W,15~ci .nwsmioasur-d on th, Typoc 0 array, Typo 2

System, an 1'n1B3 S7yzstm. The measurc :u'ts .*.ie mace oil tlo,

intbound poirt3 111 uf coours.c 5;ruc ture run, o' 18, 33, 314, 40 , 13, b1

aind 88.

Tile effect,, of the vertical polarization as shown or. the rci~

for the runs give-n above a-.- ',ear as a slow chang7e in co-irse direct ion.

No suciden dipaeetof cross icointur ~i 't"aicn was oosorv-sd on.

any of the vuet ca1 yolar 2. cation checks.

The wax'ium value of course shift that was observec 'cr a ~

±200 wing dl'p was ±-4.0/A~k This vari-aton wso vdur-' l7*

inbound por',ioni of structo:-e run 'o. 34 on thc typ, 2lo1r

Thc porticcin or this run. sh.lrtevcrtlc.I! plIar,..'c-i!)2-, *

given on LD iZ .:,332-5041. &t.rmeasure:ncu ts o-f: the vc'rt .cal

zat ,on for th, s-alt type 2 locali'zer, runs :1o. 33 and CG , v

showed a negl igible vertica-l polarization effc..

The maxl-t:i,7. vert Loal polarization eff~-ct that w4a. mcea.surod

with tha tyipc lB lo,:alizer csewas; ±2 j(ck. The vertic.ol ~iw

effec t w it' L~ 11.IL cours ar. ayi ne r'tit 1o. 4 0, wa 11 1sa) 3T,

Since the~se drray7 are all c nfcru ted from the sai-ec type of1'w

one would at any a' igr ifiont di i-ferenc,' i1f,

vortic I poal i I- caT f'e c li.fer~ niL arss

The FAA~ vert1 cal F *aicito of t.1~

th- vr

for Clt'ge'-y I c-S fp ~.or c;r '1



COURSE BEND CkITERIA

C Al'l2.(2, T

Max *i~n variat±on- of course indi cations fro-m runway centerline

startin,', firom the I1,S re: -rence (lur 100 ft. atbove threshold)

to 3500 ft. from trhodis ±l . From 3500 ft. to 4 ',;, tile

mayimum vio'iatiofl is allo-,ed to increase linearly frc.m ±15 to t 30/jAC

Mxi7:a.m variation of course indicator from runway centeriine

starting from the, ILS r(-for(ence datum to 3500 ft. from the threshold

is ±5 1o rcan 3500 ft. to 14 111-1, the maiximum varia ;on is alliued

to incrame lincarly fr:. t5 to ±30/vact

CAI'EMRY ITT.

Categor-i III encompacscas Category II1 and in addition provides

thiat the maximum varlaticnr of course indicator from the ILS referfence

datum (loC) to :i point 20 ft. above th(e runway arid 2000 ft. daw-n

the runwayx hl alfso rema ini witliir. ±5 /4.

0 T'Ihc clis tanc' , mesron the- ground, 1hetwe en !he throash(I '1 wwni a ps-i-i

lying 0 iroct ly uni 2r the IL', refe-ronce datum will dependi on t.hf >- o

of tho gi i'o slcoe and the glide slope, anglc.
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TYPE C6-1
CLEARANCE ARRAY

8 EL-M I ElT S
TYPE CS-1 THE DASii -: LUE.:: :-2-W

CLEARANCF ARRAY THE ADD ON LDOCA?
OR TO CREATE LARQEP

TYPE 0 APERATURE A.,
SELF-CLEAFINS ARRAY

22EL.?T
COURCE A:.R-AY FP. ' AA TYPE 2 LOCALIZEF

USED WITH TYFE CS-i CLEARANCE ARRAY

14 ELEME'NTS

COURSE ARRA FR A ''1 1 LOCALIZE?
USEDI -ITH .-,, -1 '-L- APA';CE ARR- AY

t TYPE ct-i1 ARRAY

FAA EL~ I Asi :LF: A FA Y TPV6
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TABLE VI - Comparison of the NSD values for each of the tested arrays

in the directions of the principal reflecting sources. Data based

on the theoretical distribution of sideband signal and the measured

course width at Boeing Field International

NSD (NORMALIZED SIDEBAND DIFFERENCE)

Angle From
Front Course T-0 5.60 6.30 8.00 20" 300 400
Reflecting Source "C, "B" "A" "D" "D" "D"

LOAIIe X easure, -

Course Width

Type C6-1 7.00 1.1 1.18 1.54 1.43 1.06 0.80

8 Loop* 4.00 2.0 2.1 2.35 1.5 1.05 1.3

8 Loop*;,  4.70 2. ** 3.C,* 4.01' 1.6 1.24

Type 0 4.20 1.63 1.81 1.90 0.46 0.5 0.19

Type 1A 4.30 1.07 1.02 0.78 0.38 0.35 0.05

Type IB 4.20 0.95 0.86 0.57 .035/230 .036/290 .021/420
(Course Array)

Waveguide 4.00 0.76 0.52 0.2 .045/210 .07/270 .044/380
(Course Array)

Type 2 4.10 0.23 .06 .01 .02/210 .02/290 .02/420
(Course Array)

*Theoretical Data

*From flight data, see Dwg. A332-5032, the 0.22 NSD value at 400 is probably due to

shielding by the hill. This value has no bearing on the value of the NSD control-
ling the reflection. The values of NSD at 5.60, 6.30 and 80 are believed to be
in error. These NSD values are taken from the measured SO pattern. The measured
SO pattern, however, is questionable because of the difficulty in determining the
correct AGC voltage levels when the high end of the receiver curve, Freater than
100j V , rises as steeply as is indicated on Dwg. A332-5021 receiver SEE 1051.
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