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S5OME CONSIDERATIONS OF WIDE APERTURE LOCALIZER ANTENNAS

SUMMARY

The development of two possible types
of wide aperture localizer antennas 1s out-
lined, both of which are based on the use of
waveguide -fed slot elements It 15 conclud-
ed that the methods described have pronmse
and should receive experimental investigation

THE PROBLEM

As with other radio navigation facili-
ties, the nature of the site has considerable
effect upon the performance of an instrument
landing localizer One way inwhich 1m-
proved performance at any piven site can be
secured 1s through control of the azimuth di-
rectivity of the localizer antenna patterns,
1t being generally true that the more the ra-
diated energy can be confined to a narrow
sector lying down the runway, the less w1ll
be the influence of the site

The problem under consideration is
the development of means for confimng the
energy to a sector, the width of which 1s to
be based on factors other than antenna com-
plexity There seem to be, principally, two
such factors The fir st has to do with the
angular width of linear course dewviation in-
dicator current The second has to do with
the distance from the array at which the
patterns become resolved At the present
frequency of 110 Mc, the second factor would
appear to be the lirmiting one as regards the
pattern sharpness

At agiven point of observation, the
phase error, due to proximity, between the
ends and middle of abroadside array 1s
closely given by the formula

e = AZ COSZ [¢] (1)
8D
in which the error e 15 expressed as a path
length, A 1s the total aperture of the array,
D 1s the distance between the array and the
observer, and 0 1s the azimuth of the ob-
server with respect to the array, measured
from the normal Thus, for example, 1f
one decides to tolerate a maximum value
for phase error of 30°, which at 110 Mc cor-
responds to a path length of about three-
fourths foot, while the aperture A 15, say,
200 feet, then the value for D as given by
equation (1) 1s 6,700 feet for an observer
straight ahead Fig 1 i1llustirates the sit-
uation Here are plotted the curves which

are loc1 of constant phase error e equal to
30° for various apertures

With full utilization of a 200-foot aper-
ture, then, while i1t can be shown that good
indicator linearity 1s still obtainable, the
matter of proximity phase error begins tobe-
come aproblem This difficulty would be
reduced by an increase in carrnier frequency

It should be noted, before leaving the
subject of proximity phase error, that some
compensation for the effect 1s possible As
an example, 1f the 200-foot linear array were
bent into a circular arc of radius 6, 700 feet,
then there would be no phase error at b, 700
feet, while the tolerable 30° error would
exist at1nfinity and again at 3,300 feet 1n
front of the array

Having once established a maximum
aperture which can be allowed from a stand-
point of proximity phase error, the problem
which now remains i1s the design of an array
which will fully utilize this aperture

DEFINITION OF TERMS

The radiation from any localizer may
be considered as being divided i1nto two parts,
each part having 1ts own amplitude and phase
distributions in azimuth, and each part serv-
ing1ts own particular purpose inthe receiver

The first part will be called the deflec~
tion component and 1s known otherwise by the
names sideband and cloverleaf signal It may
be radiated with an azimuth distribution as
indicated by curve A, Fig. 2 The pattern
1s usually essentially constant phase, except
that the part below the axis indicates com=-
plete 180°phase reversal In the receiver
the deflection component serves the purpose
of deflecting the course deviation indicator
The course 1s defined as the locus of points
having no indicator deflection, hence, zero
deflection component Reflections of de-
flection component from objects near the
localizer site, which result 1n a walue other
than zero for the deflection component along
the runway centerline extension cause course
bends.

The second part will be called the ref-
erence component and 15 known otherwise by
the names carrier and dumbbell s1gnal It
may be radiated with an azimuth distribution
as 1ndicated by curve B, Fip 2 The pattern
1susually essentially cocastant phase, or 1f
not, should track 1n phase with the deflec-
tion component, except that there 1s no 180°
pPhase reversal Inthe receiver, the reference
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component serves the purpose of providing
an amplitude and phase standard, against
which the deflection component 15 compared
In the absence of deflection component, the
deviation indicator 1s not deflected by ref-
erence component 1in any amplitude or phase
Si1te reflections of reference component do
not produce course bends

The reference and deflection compo-
nents rmust be characterized by different
types of modulation so that, in the recewver,
each may be separated and treated accord-
ing to its own purpose

In the case of a tone localizer, the ref-
erence component may be a signal of the
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Fig 2 Component Field Patterns

form

E_ =A1_[1 + m(sin a.t + sin azt)] sinwt (2)

1

while the deflection component may be a si1g-
nal of the form

Ed=Ad {sin alt - 51n azt) sinwt (3)
Since this arrangement results in the pro-
duction of sidebands of a, and a_ frequency
in both the reference and I],'he defléction com-
ponents, 1t 1s a common practice to consider
the azirnuth distribution of the total sideband
components, shown plotted as the dotted
curves labeled C and D 1n F1g 2 This prac-
tice, however, can lead to confusion when
the total sideband patterns are used to ana-
lyze localizer performance It should be
remembered that 1t 1s pattern A, whichis
the difference of patterns C and D, which
represents the desi1red distribution of de-
flection component signal Itis this signal
which accounts for all departures of the
course deviation indicator from center,
whether this signal reaches the receiver
via the direct route or via site reflections,
whether horizontally or vertically polarized,
whether radiated by the antenna array or as
leakapge from the transmatter

Since it 1s clearly the site reflection
of deflection component which causes course
bends, the basis of comparing the bend re-
ducing effectiveness of two localizers should
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be their deflection component patterns Fig

3 shows deflection component field patterns
of two hypothetical localizers X and ¥ The
patterns are plotted with the same 1mitial
slope This means that when paired with a
surtable reference component, either pattern
would produce a course of the same width or
sensitivity Now consider a site reflector
which has a bearing angle 8, with respect to
the antenna array The ratio of the ordinates
of the two curves X and Y at the angle 91
should be equal to the ratio of the course
bend amplitudes which would be produced
by the reflector inei1ther case This ratio
1s named bend reduction factor, R, and, for
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Fig 4 Bend Reduction Factor for Pattern
X Versus Pattern Y

the two hypothetical localizers, has the form
shown in Fig 4 The value of R will always
be unity at ze r o azimuth angle, but for lngh
relative effectiveness should rapidly decrease
to a low value with increasing azimuth angle
and should remain low,

ARRAY TYPE A

Consider a symmetrical linear array
as 1n Fig 5 having a single central element
rlus symmetrical pairs of elements The
spacing between ad)acent elements 1s a con-
stant 5 If pi1s the number of a particular
element, counting from the center, the ele-
ment current 1s I_ on the right and I_ on the
left. Suppose tRe feed system 1s sBch that
1t can be represented by an equivalent circuit
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Fig. 5 Linear Array
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as tn Fig 6 The current distribution I{p)
1s controlled by regulating the value of each
element' s shunt 1impedance R

An array of this type n?ay have a con-
siderable advantage over the present conven-
tional types as regards the simplicity of ex-
tension to large apertures However, 1t also
has an important limitation, 1in that the cur-
rent distrbutions for deflection component
and for reference component are not mutually
independent This means thatif a current
distribution 1s chosen which optimizes one
pattern, then the shape of the other pattern
15 determined, and must be either accepted
or the whole arrangement rejected

Because of the importance of the de-
flection component f1eld pattern 1n relation
to site reflections, 1ti1s matural that this
pattern be chosen as the one to be optimized
Having done this, it will be of interest to see
what results in the way of reference compo-
nent pattern

Let us consider firsti the production of
a deflection component pattern which rises
to a maximum at anangle of 5° from the
course, then drops rapidly to a very low
level, and has no minor lobes of appre-
ciable magnitude This will be a pattern
having about twice the sharpness, and re-
quiring about twice the aperture, of a stand-
ard 8-loop localizer

It 15 well known that a current distri-
bution 1n accordance with the conf1c1ent5 of
the binomial expansion (a + b)"” results in
a single-lobed pattern having, theoretically,
no minor lobes whatever, provided the ele-
ment spacing 5 15 180° or less The field
pattern 1s given by the equation

F (0) = 2™ leoe! (% sin B ) (4)

1in which n 1s the total number of elements
Also 1t 15 true that if a seri1es 15 formed 1n
which each term 1s the difference of succes=-
sive binomial expansion coefficients, then a
current distribution 1n accordance with such
a series will produce a double-lobed pattern,
ifree of minor lobes The field pattern is giv-
en by the equation

n-l n-z(ésune } (5)

51n(§51n9 ) cos >

2

The formation of the difference series may
be 1llusirated by the following example

F(e)=2

1 9 36 84 126 126 84 36 9 1
-1 -9 -36 -B4 -126 -126 =84 -36 -9 -1
1 8 27 48 42 0 -42 -48 -27 -8 -1

Assuming the afore-mentioned type
series 15 to be used as the basis for the cur-
rent distributionfor the deflection component
pattern, 1t becomes necessary to select the
series which has the proper number of terms
to give the pattern sharpness desired Ths
may be done by setting

dE({8) _

Wl =0 (6)
for & equal to 5°, and solving for n, the total
nurmber of terms Since the values of angle
B involved are rather small, this procedure
can be simplified by the use of the small
angle approximations for sine and cosine
functions, and 1t 1s found that the necessary
value for ni1s approximately 25, with an
element spacing 5 equal to 254° Substitu-
ting these values 1n equation (5} results in
curve A, Fig 7 The binomal difference
series for n equal 25 may be tabulated, be-
ginning at the center, as follows
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TABLE I Thus the physicalarray may be considered as
comprising seven pairs of elements, plus a
P IA P I center element which carries no deflection
A component current This gives the array an
0 0 7 24,794 aperture
1 208,012 8 7,084
2 326, 876 9 1,518 A = 2m5 = 3456° {7)
3 326, 876 10 230
4 245,157 11 22 which corresponds to about 85 feet at 110 Mc
5 144,210 12 1 With the standard 8-looplocalizer as a basis
6 67,298 of comparison, the deflection component pat-

It will be observed that several of the
terms near the end are so small that their
total contribution to the field pattern is neg-
ligible In fact, 1t 15 found that, 1f the terms
for pequal 8through 12 are omitted, the
minor lobe s resulting are more than 40 db
down fr om the maximum, and the resulting
pattern does not differ by the width of the
Iine from that given incurve A, Fi1g 7

tern, curve A, Fig 7, has a bend reduction
factor R versus azimuth as shown plotted 1n
Fig &

To cobtainthe reference component pat-
tern, curve B, Fig 7, 1ti1s necessary to
compute the summation of sevenin~-phase
pairs with amplitudes as given in Table I
The amplitude of the central element, which
contains only reference component, 1s the
one free choice available It 1s chosen here
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Fig., 8 Bend Reduction Factor for 85-Foot
Aperture Array Versus Standard
8-Loop Array

so that the reference component pattern does
not quite go negative at i1ts lowest value

It1s of interestto consider the deviation
indicator current which would result with the
patterns shown in Fig 7 Within certain lim-
1ts, deviation currentis given closely by the
relation

D=% (8)

and 1s shown plotted for this case 1n Fig 9
The limits mentioned are not particularly re-
lated to the antenna design, but have to do
with modulation levels and the characteris-
tics of the receiving system

ARRAY TYPE B

It would be desirable perhaps if the
wide angle radiation of reference component
in array Type A could be reduced without
sacrificing the characteristics of the deflec-
tion component field pattern

Consider again a symmetrical linear
array as 1n Fag 5, but having a feed system
which may be represented by the equivalent
circmmt of F1g 10 This arrangement1s
somewhat more difficultto deal with 1n
theory, but not necessarily any more com-
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Fig 9 Deflection Ratio for Component
Patterns of Figure 7

plicated in practice than the Type A feed
system

The resistances, which represent the
shunt element 1mpedances, are here connect-
ed not quite in parallel, but are separated
each from the next by a delay device having
a very small phase angle ¢ Consider a
wave passing down the line from left to right
The element current I_ in each case may be
adjusted as before, regulating the value
of resistance R_, but the phase of the cur-
rent in each element will lag the current in
the preceding element by approximately the
angle ¢°1f the energy taken by any one ele-
ment 1s relatively small compared with the
total This means that the beam formed by
the arrayis not normal to the line of the
array, but lies at an angle 90 to the right
of the normal, where

9, = arc s1n-g— (9)

Similarly, 1n the case of a wave passing from
right to left, the beam lies at an angle 8, to
the left of the normal If the reference com-
penent energy produces 1n-phase excitation
of the right and left lobes, the deflection com-
ponent energy will produce out-of-phase exci-
tation of the same two lobes

If the foregowng statements are true,
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a new tool 15 available, for i1t can be shown
that if the sum and difference are taken of
two slhightly displaced beams which are free
of minor lobes, then the two new patterns
which result may be free of minor lobes also

Suppose the current distribution 1s such
that the right and left beam patterns are of
the binom:al type so that

10 Equivalent Circuit, Array Type B

n-1

n-1, S8
F, (8) = 2 cos [ 5 s (9+90)] (11)
These are shown plotted in Fi1g 11 for val-
uesn = 109, § = 254°and 8, =0 5° The

sum and difference patterns are shown 1n
Fig 12 as curve Band curve A respectively.

That the sum and difference patterns
should be free of minor lobes may be shown
as follows The binomial distribution func-

n- - S
F, {g) =2 1 cos™! [—2—5111 (6 - 90)] (10) tion for large values of n 1s found to be very
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TABLE II
P IA P IA P IA P IA

0 0 14 1 6971107 28 3 5828x10°% 42 2 1690x10!°
1 4 5200x10%7 15 1 0542x10%7 29 1 1624x10%% 43 2 7471x10M
2 8 5600x10°7 16 6 2647x10°8 30 3 5788x10%° 44 3 1552x10'7
3 1 1712x10°° 17 3 5625x10%8 31 1 0442x10%> 45 3 2595x101°
4 1 3725x10°° 18 1 9384x10°8 32 2 BB26x10%% 46 2 9987x101!
5 1 4520x10°° 19 1 0090x10%8 33 7 5892x10°! 47 2 4268x10'"
6 1.4249x10°° 20 5 0237x10%7 34 1 7762x10%! 48 1 7013x107
7 1 3080x10°° 21 2 3869x10%7 35 4 2755x10%° 49 1 0115x10°
8 1 1333x10°0 22 1 0921x10%7 36 9 2840x10'? 50 4 9621x10°
9 9 3090x10°7 23 4 7260x10%° 37 1 8874x1017 51 1 9281x10°
10 7 2720x10%? 24 1 9599x10%° 38 3 5818x10'8 52 5 5640x10°
11 5 4160x10%% 25 7 7533x10°° 39 6 3245x107 53 1 0600x10°
1z 3 8485x10%7 26 2 9228x10%° 40 1 0351x10%7 54 1 0000

13 2 6138x10°7 27 1 0493x10°° 41 1 5635x101°

closely approximated by the probability
function

IB = K1 € (12)
Similarly, the binomial difference series
distribution 15 very closely approximated by
the equation

2

1, =K, pe €P {13)
For a given aperture, the constant ¢ has the
same value for both equations In this case
c equals 0 0188 Forarrays of relatively
high sharpness, the antenna pattern is given
by the Fourier transform of the current dis-
tribution, Furthermore, according to Camp-
bell and Foster, ° the Fourier transforms of
baoth [, and I, are functions of exactly the
samé form ~ In other words, there exi1sts
here the interesting situation that the shapes
of both field patterns are the same as the

1G A Campbelland R M Foster, "Fourier
Integrals for Practical Applications,” Bell
Telephone Technical Publications, Monograph
B-584, September 1931

shapes of the corresponding current distri-
bution functions In subtracting the right and
left bearn patterns, F,and F_, Fig 11, which
are 1dentical exceptfor a smalldisplacement
along the abscissa, the effectis to form the
derivative, or to go from a function having
the form of equation {12) to one having the
form of equation {13) Both are free of minor
lobes

For reference, the current distribution
1, 15 given in Table II for n = 109 The val-
ieés 1n the table were calculated, not by the
approximation, but from the binomial differ-
ence series

In the practical design of the physical
array 1t should not be necessary to go much
beyond p equal to 16 to achieve a sufficiently
low level of minor lobes This would corres=
pond to an aperture of about 200 feet

The bend reduction factor R and the de -
flection ratio D for these patterns are given
in Figs 13 and 14

PHYSICAL DESIGN

T'he two arrays which have been des-
cribed were planned with a specific physical
arrangement in mnd, viz , the combrnation
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of slot radiating elements with wavegude
feed However, there 1s no reason, other
than considerations of complexity, why the
slots could not be replaced by dipoles or
loops, and the waveguide by transmission
line

Fig 151s intended to show the general
nature of the Type A antenna  The drawing
1s nelther to scale nor does the number of
slots shown have any sigmificance The puide
1s excited 1n its deminant mode, with the e=
lectric field vertical The two guide-feed
probes, one a vertical whip, the other a half-
loop, produce in-phase and out-of-phase ex-
citation of the two halves of the puide With
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the symmetrical disposition of the two feed
probes, they do not couple one to the other,
thus, they behave thoroughly as a hybrid
junction Each slot receives excitation by
the guide through a hooked probe, not shown,
which s mounted on the guide wall, imme-=-
diately to one side of the slot Qrientation
of the hook determines the polarity and mag-
nitude of the slot current in each case

The slots, in the case of the Type A
antenna, are spaced 1/2 pwde wavelength a-
part, which puts them effectively in parallel
as shown in the equivalent circuit, Fig 6

Fig 16 represents the Type B Antenna
The construction would be quite sirmilar, ex-
cept for the location of the feed probes and
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the fact that the slots are spaced shghtly
farther apart than 1/2 guide wavelength A
transmission-line bridge external to the
guide appears to be an effective means for
obtaiming the required gude excitation

arPO AL 103244

CONCLUSIONS

Itis concluded thatreadily controllable
localizer antenna arrays canbe constructed,
without undue complexity, to have almost
any aperture that would be desired The
methods, which have been outlined, would
bear further experimental investigation



