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HORIZONTAL FIELD PATTERNS OF VERY-FIGH-FREQUEKCY
UNSYMMETRICAT LOCALIZER ANTENNA ARRAYS

SUMMARY

The properties of the horizontal field patterns of unsymmetrical linear an-
tenna arrays consisting of from five to seven antennas are compared with those of the
Civil Aeronautics Admimstration's standard 10-loop loczlizer array  Horizontal
field patterns Tor the sideband frequencies and curves of cross-pointer i1nstrument
deflection versus azimuth angle for eight antenna arrays are shown It 1s found that
tre best field patterns of the unsymmetrical arrays considered are not as geod as the
fi1eld pattern of the standard 10-lcop array, although the course sharpness can be
rade the same for both types of arrays For general use unsymmetrical arrays are not
recotmended The effect of improper current phasing i1n one antenna on course bending
was 1nvestigated and found to be small, but 1t was greater in unsymmetrical arrays
than wath the standard 10-loop localizer antenna array

INTRODUCTION

Antenna arrays which produce field patterns havang certain prescribed charac-
teristics can be developed by two methods In the first methed the field patterns
evolve from a large nurber of calculations 1n which anternna spacings and currents are
systematically and judiciously varied until a practical and economical seolution of
the problem 1s chtained  The second method starts from the desired contour of the
field pattern and makes use of Fourier analyslsl to determine anternna currents and
spacings giving a field pattern which approximates this contour

The present localizer antenna arrays of the CAA were developed by the "cut-
and-try" method and have very satisfactory field patterns It 15 realized, however,
that theoretically the anternna arrays are not necessarily the best ones possible

The localizers operate at frequencies of approximately 110 megacycles and
thelr antennas are horizortally polarized loops

As the function of the localazer 1s to give lateral guidance to the pilot
making an instrument landing, we are interested primarily in the horizontal field
pattern produced by the antenna array  The horizontal field patterns shown in the
appended drawings are for free space and have an arbitrary scale

The purpose of this investigation 1s to examine the possibility of reducing
the mumber of antennas of the standard 10-loop localizer array by using an unsym-
metrical array without sacrificang the desired properties of the field pattern An
unsymetrical array is one in which not all of the antennas are symmetrical with re-
spect to the center of the array

1Wolff, Irving, "Determination of the Radiating System which will Produce
a Specified Directional Characteristic " Proceedings of the I R E , v 25,
p 630, May 1937

UsSC &GS A28150(17)



THE STANDARD 10-LOCF LOCALIZER ANTEMYA ARRAY

Relative antenna currents and antenra spacings (measured from the center of the
array, for the stanaard lecalizer are shown at the top of figure 1 and on figure 2 2
The lztter drawing also stows the two conjugate sideband fiela pattern83 and the carrier
pattern which are marked by the freouencies {f. t 150v), (fo + 90au) and fe

The siceband field pattern eguation 1s

E(@)oc Iy cos (87 san @)t Z‘,‘i (I, sin (S, s1n @ )) (1)

=2
where E( @ ) = field intensity in horizontal plane

2] = zzimuth angle measured fron course
I;, I3, etc = antenna siaeband current amplitaides
The + and — sagn in the equation disbimpuisles tre conjugate field patterns
Tre carrier field pattern 1s given by
E.{# )} X I, cos (S sin 8 ) (2,
where I, = amplitude of carrier current in each of tre two center antennas
Tte pattern clearance 15 defined as tre ratic in deciuels of the field inten-—

saties of the conjugate faield patterns in any azimuthal direction ft 1 5% off course
the clearance 1s called course sharpness (W)

5
L + » [In sin (0 0262 Sn)}
n= 2

Ny, = 20 logig (3)

I, - ; [In sin (0 0262 Sn)]
n = 2

where Sp 18 the antenna spacing of the n'h antenna in degrees, measured from tte
center of the array, and I, lhe sideband current amplitude of the n'h antenna  Ip
1s the current in each center antenna 1f trerz are two center antennas, cr one-half
of the current 1in tle center antemna 1f there 1s but one center antenna

In good approximaticn equation (3) may be rewritten as

In + 4 57 x 1074
Nap = 20 logip n

(T, §,)
2

{4)

(18| 11900

_ Lo ~4
I1- 4 57 %10 » (1, 8)

From a practical point of view the course wiath 1s of great importance The
course width W 1s defined as the horizontal angle, measured between twe points sym-
metrical %o the course, and the radiation center, at which full-scale deflection (4
dots to 4 dots} of the cross-pointer instrument occurs  Within the service area in
which the airplane receiver's automatic volume control i1s operative, tre deflection
of the cross—pointer instrument 1s substantially constant as the plane flies cn a
radial going throush the center of the localizZer array

I

2Caporale, Peter, "Instrument Approach Systen", Radio News, v 29, p 121,
June 1943

3The term "conjugate fiela patterns" means the two patterns of sideband
trequencies preducea by 90- and 150-cycle modulation, respectively



The ccurse width 1s

5
W=K P [In sin (Sn sin @ )} {5)

n=2

where W 1s the course width in degrees and K 15 a censtant which depends on the set-
ting of the manual gain control in the receiver The receiver gein 1s adjusted teo mve
a certain value of output veltage measured at the 1nput of the %0- and 150-cycle
filters A represeptative value of filter potential for a localizer course wadth of
5° (4 dots to 4 dots) 1s 30 volts, using a Western Flectric lype 32-A receiver

Values of localizer course width hetween 2 5° and 5° are satisfactory from a flying
standpoint

Before discussing the merits of the various fiele patterns stown in tre ap-—
penoed drawings, 1t 15 appropriate to state briefly the mwost important recuirements
for a sataisfactory localizer field pattern  These requirerents are

1 Tne service area 1n a horizontal plane through the localize. antennas
should nave approximately the shape of an ellipse whese major avas coincides with the
two reciprocal courses and whose minor axis 1s approximately ocne-third of the length
of the major axis

2 The difference 1n the field intensities between the conjurate field
patterns must rise rapidly from zero on course to a value sufficient zor full-scale
deflection of the cross-pointer instrument in the airplane, that iz, the cowrse sharo-
ness must be sufficient to insure an instrument lancins near the center line of the
runway with proper allowance for normal flight deviations

3 The difference-field intensity must be sufficient to give full-scale ce-
flection of the cross-pecinter instrurent in all azimuthal directions withir the
service area except near course

4 The dafference-field inwersity shoula net greatly enceed the value re-
guired to give full-scale ueflectior of tne 1ncacater witkan the service space  Thas
regquirement assures, tirst, a manirum of interference effects from radiated power
reflected oy objects 1n the vicinziy of the lccalazer ana, secong, the mosl econcmical
use of radiated power

5 The size of the rmunor lobes of the fiela patterns srould be as smal’ as
possible

6 The decree of modulation of the carrier should be high on and near the
course

An obvious condition regarding the antenna array is trat 1t should contain
tre least number of elements consistent with the above requairements for the field
pattern

Imspection of figure 2 srows that the field pattern of tre standard localazer
fulfills these reguirements to a high degree  The maximum of radiatien 1s near the
course at approxirately 8° and the ratio of field intensitr on course to maximum f1eld
intensity 1s relatively large The minor lobes are smzall, gziving a nigh minimur
clearance, and the degree of modulation 1s high in any direction  The 1elative scales
of carrier anc sideband field patterns are such that the maximum modulaticn equals
but does not exceed 100 percent
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UNSYMMETRICAL LOCALIZER ANTENNA ARRAYS

is no mechanical means (such as the machine described by Williams#) for ob-
taining the horizontal sideband field patterns were available, the number of antenna
combinations analyzed, of necessity had to be small The patterns selected for pre-
sentation are produced by the arrays shown on figure 1 It wall be observed that
the spacings of the standard 10-locp localizer array have been kept intact except in
Gases 2 and 3 where a single center antenna instead of a pair was used, and in Case 7
which has a side antenna wath a very large spacing In Case 9 the antenna spacings
of a portable CAA localizer array mounted on the roof of a traller are used in con-
junction wath a single unsymmetrical antemma  This antenna raises the course sharp-
ness of the portable localizer from 2 9 db to 4.8 db

The fairst thought 1n arriving at the unsymmetrical antenna arrays was to orat
one of the radiators in each equispaced pair of the symmetrical array, alternating
from one side of the center to the other (Cases 3 and 4) As the field patterns thus
obtained are unsatisfactory, antenna arrays having two and three syrmetrical pairs,
respectively, 1n addition to unsymmetrical antennas have peen calculated (Cases 5, 6,

and 7)

To derive the field pattern equations for the unsymmetraical arrays, the retarded
potentials due to each radiator are set up and the terms 1n time phase and in quadra-
ture phase with the radiation from the center antenra(s) are collected (E' and E7)

The amplaitude of tre total intensity then is

E = B2 4+ B2

For exanple, the eguation of the fiela pattern for Case & 15 given by

i 1 3
[2 I, cos (Sl sin 8) *o2 I, san (52 sin 6 )+ I3 51n (53 sin 6 )
+ 4 ]2
EcC I, sin (S4 sin @ ) X 15 s1n (SS sin 6 ) ) {(6)
+[ I3 cos (53 sin 8 ) — I4 cos (S4 sin @ ) + I cos (S5 sin 6 ) ]

Inspection of equation (6) shows that the terms in the first bracket are simi-
lar to those for the symmetracal array, egquation (1), except that the merbers represen—
ting the unsymmetrical antemnas lack the factor 2 {In equaticr (1) tre factors 2 are
omitted to simplify the equation ) Doubling of currents I , 1, and I. relative to
the values of the symmetrical antenna array makes the first bracket identical with
equation (1) The "disturbing function" in the second bracket 1s symmetrical te the
course and 1ts members have alternating signs

Two methods are available for reducing the effect of the disturbing function
onn the field pattern on ccurse and near the course

(a) GChoosing the currents so that -1, + I;= 0.

(b} Moving antemna Ne 5 to the other side of the center line of the
array {Case 5), wrich will make the sign of the I; term 1n the second
bracket of equation (f) negative without changing its sign in the
first bracket

As the antenna currents decrease with antenna spacing, method {p) readily lends 1tself
to satisfy the equation I3 - IA-- 15 =0 While the effect of the disturbing

& Williams, H. P, "A Machine for Calculating the Polar Ihagram of an
Anterna System," Electrical Commumications v. 21, No 2, p 103, 1943



function on the field pattern near the course can be controlled, the disturbing func-
tion mll reduce the clearance between the two conjugate field patterns in all other
directions of the horizontal plane

In order to give a clearer appreciation of the properties of the field pat-
terns as they affect the cross—pointer instrument, the relative deflection of thas
instrument versus the azamuth angle i1s shown on figure 11 for the nine antenna arrays
of figure 1

As the cross-—pointer instrument 1s in a direct—current bridge carcuat in which
the rectified 9C-cycle and 150-cycle voltages buck each other, the deflection of the
zero-center instrument is proportional to the difference in intemsity of the conjugate
si1deband field patterns for the particular azimuth angle  If the carrier field pat-
tern 1s not carcular but is constracted on the sides, 1t 15 necessary tec take into
account the automatic volume control characteristic of the receiver which tends to keep
the receiver output constant regardless of carrier field intensity  This has been done
in figure 11 for Case 1 and Cases 4 to 8, inclusive The patterns shown in figure 11,
wmth the exception of Case 9, are drawn to such a scale that at 1 5° off course they
have the same ordinate

From previous discussion on the field pattern requirements, i1t follows that
the 1deal deflection curve would be a horizontal line as shown dotted for Case 1 The
position of the horizontal line will be shifted up or down by the gain control setting
of the receaver It 1s apparent that 1f i1n all but the 1deal case the course width
1e made very broad, there will be certain azimuth angles where the instrument needle
w1ll have less than full-scale deflection  Such a condition must be avoided since 1t
mey give a pilot who 1s circling the localizer station the impression that he 15 ap-
proaching the course when he actually is not

kny practical curves of cross-pointer indicator deflection versus azimuth
angle (figure 11) will have minima limiting the maxaimum course width which can be ac-
commodated by a given field pattern In table I maximum course widths for the nine
cases considered are given The maximum course width for the standard 10-loop lecalizer
15 5°

The following simple graphic method may be used to determine the raxamum pos-
sible course width The curve of cross-pointer instrument deflection versus aziruth
angle corrected for the automatic volume control action of the receiver 1s plotted
The mimmum of this curve 1s determined (disregarding the value =mero on course) and a
horizontal line drawn tangent to the minimum  The azimuth angle at which this hora-
zontal tangent intersects the curve as 1t rises from zero on course te the first
maximum 15 determined and multiplied by two tc find the maxamum possible course width

DISCUSSICN CF FIELL PATTERMS

The field patterns shown in figures 2 to 9, inclusive, bave been drawn to such
a scale that the field intensity on course 1s approximately the same for all cases,
varying from 2 O to 2 04 units Examining the field pattern drawings, figure 11 and
table I, 1t appears that the standard 10-loop localizer antenna gives a field pattern
w1th the best over-all characteristics (Case 1) Good field patterns are alsc shown
in figures B and 9 Figure 8, Case 7 shows the best pattern of the unsymmetrical
localizer arrays considered The principal disadvantage of the array of Case 7 1s
the large antenna spacing (3000°) of the unsymmetrical antenna.

Figure 9, Case 8 holds for a symmetrical B-loop localizer array This faeld
pattern has approximately the same merits as that of figure B with the added advan-
tage that the total length of i1ts array 1s but 2200°

Figure 3, Case 2 shows the field pattern obtained 1f the standard 10-loop
array 18 adapted to a 9-loop array with a single center antemna The chief drawback



TABLE I

DATA ON FIELD PATTEENS

at Azimuth in Degrees

Case Number 1 2 3 4 5 [2) 7 8 9
Figure Numbter 2 3 A 5 & 7 8 9 10
Number of Antennas 10 9 5 6 7 7 7 8 &
Max Field Intensaty 4455 &9 [ 45 (L4549 |46 47550 425
At Azimuth Angle in g 10 TS5 (7.5 (75 |75 |15 10 22
Degrees

E On Course 20 20|20 20 2.0 |20l 204|20¢0 1 84
E On Course 44, 41 45 45 41 4L | 44 43 40 43
%max in Percent

Min. Field Intensity 137 | 288 |266|18 (17711391130 84| 2 58
At Azaimuth Angle 1in 90 35 60 90 &0 90 90 90 55
Degrees

Max Minor Lobe 05 114 |332|332 1263 (127510961111 1¢0C5
At Azamuth Angle in 8 35 45 45 20 45 15 10 55
Degrees

Course Sharpness at 75 79 5.4 |54 |78 |68 78|72 |4¢8
1 5 Degree 1n db

Min Clearance in ab 12 4181 24 |17 |33 |47 108|109 78
At Azamulh Angle in 60 35 45 45 90 40 60 25 55
Degrees

Clearance at 90° in db 55 B7 |42 |25 (33 189 1109 |14 4| 22¢
Azimuth of Min Cross- 60 35 60 60 30 40 70 25 55
peinter Deflection in 90

Degrees

Maximum Course Wadth 5 32 20 |26 |34 |38 |6.0 |45 |48
1n Degrees

Percent Modulation on 78 70 52 35 40 54 56 63 74
Course

100 Percent Modulation 10 10 &5 45 o0 45 &0 65 _2

of this field pattern 1s the small maxamum course width which 1t can accommodate

(see table 1) and the somewhat low minimum clearance

The field patterns shown in figures 4 to 7 inclusive, {Cases 3 to 6) are
1liustrative of what may be expected from ™highly unsymmetrical®™ antenmna arrays
While course sharpness 15 normal or fair, minimum clearance, percent medulataon,

and maximum course width are too low for practical use




Figure 10 1s the field pattern of the CAA's portable localizer with an unsym-
metrical antenna added to increase the course sharpness from 2.9 db to 4 B db

COURSE BENDING WITH LOCALIZER ANTENNA ARRAYS

It 15 of interest to examine what happens to the course aligmment for both
symretrical and unsy-metrical localizer antenna arrays 1f the magnitude or phase of
the current in the individual antemnnas 1s chanred  This 1s done by setting up the
equations for the conjugate horizental field palterns Ep and Ep and letting | Ell =

|E2[ The last equation then shoula be solved for the azimuth argle (@) While this
15 irpractical, the squation can be solved for the phasing error ¢

The results of the analysis show that changes ot the magnitude of the antenna
currents do not produce course bending or course shlftlng5 1f the phase of the currents
18 correct If the phase angle of the current of an individual antenna 1s incorrect,
course bending will occur The course-bending angle will 1ncrease as the spacing of
the particular antenna from the raciation center 1s decreased and when the current is
increased

& specizl case of irproper phasing which will apply to syrmetrical antenna ar—
rays must be considered, namely, when a symmetrical antenna pair ras currents of equal
magnitude and of equal phasing error in the same direction Under this condition no
course bending occurs

The course-bending angle § versus phasing error ¢ has teen caleculated for
Cases 1 and 7 and 15 plotted on figure 12, one antenna of the array being improperly
phased 1r each case

It w11l be observed that the curves reserble sine curves and have a herizontal
tangent at the maximum course-bending angle If the phasing error increases beyond
the value corresponding to the maxaimum ccurse-tending angle, the course alsappears

For -llustrative purposes, equation (7) giving ¢ versus O for the standard
10-loop localizer field pattern (Case 1) waith antenna 5 out of phase 1s shown below,
as well as equatior (8) which holds for Gase 7 with antenna 4 improperly phased

-1 212 213
¢5=55 s1in § + sin T5 s1in (52 sin 6)"'_1; sin (53 sin 8)
a1, (1)
+ s1in (S& s1n @) + sin (55 sin @ )
15
2T, 21,
¢4=S4 sin & + sain TA sin (S, sin @) "'74 sin (53 sin @ ) {8)

5 The term "course bending" designates the condition in which front and rear
courses are displaced by an angle €& in oppcsite direction, thus having the azimuths @
and (lBOq—G) "Course shifting" occurs 1f the above displacements are 1n the same
direction givaing the azimuth angles of the courses as @ and (180°+ §)



Consideration of the equations indicates that the maxaimur course-bending angle 15 ob-
tained when the value of the square bracket i1s unity It fcllows that the maxamum
phasing errcr at which the course just disappears 1s greater than 90°

It may be stated that a large phasing error in an individual antenna of a sym-
metrical or zn unsymmetrical array produces but a small course-bending angle In
gensral, the course-bending angle producea by a given phasing error will be greater
for unsymmetrical arrays than for symmetrical ones

The adverse effect of improper phasing of an antenna of a localizer array on
course sharpness and on pattern clearance 1s much mcre preoncunced than the effect on
course bending

Of academc interest 15 the effect of improper current phasing in an individual
antenna of an array on harmonic distortion of the received signal

For the purpose of discussion assume an unsymmetrical antenna array of 7 locps
(Case 7) with the phase angle of loop 4 having an error—¢

This produces a phase shift § between carrier and sidebands as follows

I, cos (5, sin (@) —¢)
ﬂ = tan-l 4 4

21 cos(S1 51n9)12212 31n(52 sing) 21

1 51n(33 sin @) * IA 51n(5451n(3 1—@)

3

(9)

The  si1gns 1n equation (9) again distinguish the conjugate field patterns It wall

be cbserved that the phase shift § varies waith the azimuth angle and that 1t 15 small
on the side of the major lobes of the field pattern On the side of the minor lobes

of the field pattern the angle § becomes larger In the directions where the dencmi-
nator of equation (9) becomes zero, § 1s 90°, and where the denominator becomes nega-
tive, § 15 greater than 90°

It can be shown that improper phasing between carrier and sidebands causes
second harmonic distortion in the receiver output using either linear or square law
detection As the second harmonic amplitude 1s properticnal to the sguare of the
modulacion factor of the signal, 1t follows that little harmonic distortion will pe
experienced in any azimuthal darection even 1f the unsymretrical side antenna has an
appreciable phasing error

CCHNCLUSIONS
A5 a result of this study 1t 1s concluded that

1 The best field pattern among these considered in this Note i1s that of
the standard 10-loop loecalizer antenna array

2 It 1s possible to obtain an equally high course sharpness with both
symmetrical and unsymmetrical localazer antenna arrays, keeping the ratio of field
intensity on course to maxamum field intensity approximately constant

3 It 15 not possible, as far as this investigation has shown, to have as
high a minimum clearance, maximum course width, and degree of modulation with an
unsymmetrical antenna array as with a symmetrical antenna array i1f the number of
antennas 1n the unsymmetrical array is appreciably smaller than that of the sym-
metrical array.



4 It 1s possible to obtain as good a curve of cross—pointer instrument
deflection versus azimuth angle with 7 antennas (Case 7) as with the standard locali-
ger array of Case 1.

5 If overmodulation of the carrier in any azamuthal direction 1s avoided,
the average degres of modulation for the standard 10-loop localazer field pattern is
appreciably greater than that of the best unsymmetrical patterns considered

6 It 15 apparent that unsymmetrical antenna arrays havang more than one
unsymmetrical antemna will not give satisfactory localizer field patterns  For
general use 1n localizer antenna installations, unsymmetirical arrays are not recommended

7 In special cases - for example, when 1t 1s desired to reduce radiation of
the array 1n a particular direction, such as toward a2 reilecting ebject - an unsym-
metrical antenna may be added to advantage, although the ensuing scalloping of the
field pattern will reduce the maximum colrse width and the pattern clearance

B The course-tending angle produced by a phasing error in an individeal
antenna 1s, under comparable conaitiors, greater for an unsymretrical array than for
a symmetrical one



CURRENTS CASE NO
i ' I Iz 11]10 10 05 03
= 1 g g STANDARD |
O—O0—0 - . LOCALIZER
Sg S4 53 S; $,!70°200° 500° BOO° 1100
SPACINGS
03 07 15 22 44 22 15 07 03
O O O > O O 2
1100 BOOD 500° 200° 0° 200° 500 800°  1100°
;
04 10 I's 20 06
O —0 O—O——O ~ 3
100" 500° ¢° 200" 800°
I [75]
04 10 08i08 20 06 =
| E 4
100* 500° 70"! 70° 200° BO0° <
E
=
) L
12 10 10110 10 06 04 =
: : 1 o~ O b 5
~ —
500° zoo’m“i 70" 200° 800  1100° z
&
—
[T
04 10 10 09109 10 06 Z
, © & &
1100° 500 200°70% 70° 200° 800" =
06 10 10i10 10 0B 04
; ) {1 O 7
O—O0—0+0—10 U 1
500°  200°70% 70°200° 500 3000"
04 07 1010510 10 D7 04
O—0O O—O+0—0 O o ]
B00° 500° 200°70° 70 200° 500°  B0O°
04 10 '8 10 04 04
Pt -0 PORTABLE ]
R . ~ . LOCALIZER
412°  165° Q 165 413 1170

Figure 1

Antenna Arrays for which Field Patterns are Shown

RELATIVE
CURRENT

19

I
oz 03 05 10101010 05 03 a2
o—O0—O0—0O0——0

SPACING 1100° 800° 500" 200° 70": 70 200°  500° 800° 1100°

340

e 1 ;* 2 o7
‘,"g‘,‘ LT ATo

oT

190° 180 170%

COURSE SHARPNESS AT 15° =
MINIMUM CLEARANCE AT 60 =124 db
90° CLEARANCE
ON COURSE /MAXIMUM SIGNAL= 44%

Figure 2 Honzontal Field Pattern for Standard 10 Loop Antenna Array {Case 1)



5 16
[ a 10

RRRRR T 03 07 15 22 44 22 V5 07 03 CURRENT

o a0
COURSE SHARPNESS AT 15" =765db COURSE SHARPNESS AT |5 = 54db
MINIMUM CLEARANCE AT 35°= 81 db MINIMUM CLFARANCE AT 45°= 24db
90 CLEARANCE =87db 90° CLEARANCE = 42db
ON COURSE/MAXIM’UM SIGNAL = 41 % ON COURSE/MAXIMUM SIGNAL = 45 5 %

Figure 4 Horzontal Field Paticrn for 9-Loop Antenna Array (Case 2) Figure 4  Houicontal Teld Pattern for Unsvinmdtrical Antenna Array {Case 3)



800° Il

L%/
|
'
70°2

10 10,10 10

URRENT 12
SPACING 500° 200° 707 70°

—Cr
500°

RENT 04
O
G 1100°

70t 70 200°
1

s
s
e
1l
s 2
oL
6=
[T}
==
M H=®
w =
_h ves
EMN
=z
g | PRM
DDHAM
R
I ouw
ih P
[ EMR
" w2
Q x =
5=
o=
U=EQ
=1
o
o
™
B
a
H
‘ sa
= o
@ @ B
3 ~ <0
- _ =
‘ o
—
n <
‘m T =
[T]
= = @
ot =
=mo 2
z =
=z =
!... B
<
g <w==
RS
nYoan
<
W= o
o
L=
2
O=Zao=Zz
FFFFF
o

Array (Casc 5)

| Antenna

for Unsymmetrrca

al Ficld Pattern

Igure 6 [lormront

Array (Case 4)

al Antenna

1eld Pattern for Unsy mmetnc

al I

Figure & Horzont



8 i
RELATIVE : RELATIVE 1
CURRENT 04 10 10 09 loe 10 06 CURRENT 06 101011010 06 04
. O—0—0——0—O0—O0——}——0
SPACING 1100 500°  200°70°, 70°200° 800°

( 0 SPACING 500° 200"70“{ 70°200°  S00° 3000°
| 1

18p°
COURSE SHARPNESS AT 15° =68 db COURSE SHARPNESS AT 15" = 785db
MINIMUM CLEARANCE AT 40° =47 db MINIMUM CLEARANCE AT 60°=108db
90° CLEARANCE =89 db 90" CLEARANCE =109db
ON COURSE/MAXIM UM SIGNAL= 44 % ON CCURSE/MAXIMUM SIGNAL=43 %

Figure 7 Horizontal Field Patlern for Unvymmetncal Antenna Array (Case 6) Figure 8 lorivonta | Field Pattern [or Unsymmetiie al Antenna Array (Case 7)



1 g L%/
1
RRRRRRR E ! RELATIVE |

|
CURRENT 04 07 10 10 10 10 07 04 CURRENT 04 10 18 10 04 04
\ Oo—O0—0—0 O —0
SPACING 800°  500°  200° 70°) 70°200° 500" 800 SPACING 413" 185" 0 165° 413° 1170
1 |

]]]]]]

COURSE SHARPNESS AT 15° = 4 db

COURSE SHARPNESS AT [5°= 72db a
MINIMUM CLEARANCE AT 25°=109db MINIMUM CLEARANCE AT 55° = 768db

90° CLEARANCE =1444db 90" CLEARANCE =22 8dh
ON COURSE/MAXIMUM SIGNAL=40% ON COURSE/MAXIMUM SIGNAL=43 %

Tigure 9 Horzontal Dield Pattern lor 8 Loop Antenna Array (Case 8) Figure 10 Horizontal Field Pattern for Portable [ ocalizer Antenna Array (Case 9)



CASE 1 CASE 4 CASE 7
I T T 1]
[ NA ' 7] /-\f
1 \‘-",\34"“ STANDARD = q,—i -+ N TN
FONEAS T ST I 1o LooR b AL o /
“HDEAL | ~-LOCALIZER N e—— l
I —+— t
| I | | [ I !
0 30 60 92 o 30 60 9 ) 30 60 50
[} 2] 6
CavT 2 CASE 5 CASE 8
et S N ‘
l + ‘ e,
] fql 7 /
AENEEES Nid zan i N
\
\
4l ao 60° 29 0 3o 60 90 0 0 60 30
& a 2]
CASE 3 CASE & CASE 9
—T 71T i - :
' j
PN T ; ] A \\__\ PORTABLE
:\ i T+ D) / A L] o { I~ ] LOCALIZER
| .y A |
T I —
0 an 60 50 0 30 60 a0 o 30 60 90
@ 9 a
Tgure 11 Cross-Pointer Instrument Deflection Vs Aamuth Angle
W] ‘
! L {
=
— - ‘
A
L~
hifs '
‘ |
rd !
B T T
@ . ‘ // .
L / T
o | /
216 v4 . +
e . !
= I ]
z )4 ;
T i C
| 5 =
(A1) i
-
o 2 ’
= ; // = 5
2 1 / 11 ‘/
2 i ol
n
08
’
5 /
o
o
O L~
.
04 ——1A - =
| AR
—’/ |
! T
0 .- |
C 20 40 60 g0 100 120 140 160

PHASING ERROR ¢ IN DEGREES
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Figure 12  Course Bending Angle Vs Phasing Error



