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SOME CONSIDERATIONS OF WIDE APERTURE LOCALIZER ANTENNAS 

SUMh4ARY 

The development of two possible types 
of wide aperture locallzer antennas 1s out- 
lmed, both of wh,ch are based on the use of 
wavegude-fed slot elements It 1s conclud- 
ed that the methods described have promise 
andshouldreceive experlmentalinvestlgatlon 

THE PROBLEM 

As with o t h e r radio nav~gatmn faclh- 
ties. the nature of the site has consIderable 
effect upon the performance of an mstrument 
landmg localleer One way InwhIch lm- 
proved performance at any g,ven site can be 
secured 1s through control of the az,muth dl- 
rectlvlty of the locallzer antenna patterns, 
It bang generally true that the more the r’a- 
dlated energy can be confined to a narrow 
sector lying down the runway, the less ~111 
be the mfluence of the s,te 

The problem under conslderatlon 1s 
the development of m e ans far confxnng the 
energy to a sector, the wtdth of wh,ch 1s to 
be based on factors other than antenna com- 
pler1ty There seem to be, prmapally, two 
such factors Theflrsthastodowlththe 
angular width of lmear course devlatmn in- 
dlcator current The second has to do w 1 t h 
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 lxmtmg one as regards the 
pattern sharpness 

At a given point of observatmn. the 
phase error. due to proxlmlty, between the 
ends and middle of a broadside array is 
closely g,ven by the formula 

in w hlc h the error e 1s expressed as a path 
length, A 1s the total aperture of the array, 
D IS the distance between the a r ray and the 
observer. and e 1s the azunuth of the ob- 
server w,th respect to the array. measured 
f r o m the normal Thus, for example. If 
one deades 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) IS 6,700 feet for an observer 
straight ahe ad Fig 1 Illustrates the sit- 
uat,on Here are p 1 o t t e d the curves which 

are loa of constant p h a s e error e equal to 
30’ for “aT,ous apertures 

W,th full utlllzatmn of a ZOO-foot aper- 
ture, then, while It can be shown that good 
md,cator lmearlty IS still obtainable, the 
matter of provumty phase error begms to be- 
come a problem This difficulty would be 
reduced by an increase II-, carrwrfrequency 

It should be noted. before leavmg the 
subJect of proxmnty phase error. that some 
compensatmn for the effect 1s possible As 
an example, If the 200-foot lmear arraywere 
bent mto a circular arc of radius 6, 700 feet, 
then there would be no phase errcar at 6, 700 
feet, while the tolerable 30” error would 
exist at lnflnlty and agam at 3,300 feet 11, 
front of the array 

Havmg once establlshed a maximum 
aperture which can be allowed from a stand- 
pomt of proxnmty phase error, the problem 
wh,ch now remains 1s the design of an array 
which ~111 fully utlhze this aperture 

DEFINITION OF TERMS 

The radlatmn from any locallzer may 
be considered as bang dlvlded Into two parts, 
each part hawng Its own amplitude and phase 
dlstrlbutlons xn azmmth, and eachpart serv- 
mglts own particular purpose mthe receiver 

The farst part ~111 be calledthe deflec- 
tlon component and 1s known otherwIse by the 
names sideband and cloverleaf signal It may 
be radiated w 1 t h an aexnuth dlstrlbutmn as 
mdlcated by curve A, Fig. 2 The pattern 
1s usually essentially constant phase, except 
that the part be 1 ow the axis mdlcates com- 
plete 180’ p h a s e reversal In the receiver 
the deflectmn component serves the purpose 
of deflectmg the course devlatmn mdlcator 
The coarse 1s defmed as the locus of pants 
havmg no md,cator deflectmn, hence, zero 
deflectlon component Reflectmns of de- 
flectxon component from oblects near the 
local1zer site. which result 1n a value other 
than zero for the deflection component along 
the runwaycenterlme extensmn cause course 
bends. 

The second part ~111 be called the ref- 
erence component and 1s known otherwlse by 
the names carrier and dumbbell s I gnal It 
may be radiated w,th an azxnuth dlstrlbutlon 
as mdlcated by curve B. F:g 2 The pattern 
1s usually essentially constant phase, or If 
not, should track in phase with the deflec- 
tmn component, except that there 1s no 180’ 
phase reversal Inthe receiver, the reference 
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Fig 1 LOCI of Constant Phase Error e of 
30 Degrees for Various Values of 
Aperture A at 110 Megacycles 

component s e r v e s the purpose of provldmg 
an amplitude and phase standard, agamst 
which the deflectmn component 1s compared 
In the absence of deflectIon component, the 
devlatlon mdlcator 1s not deflected by ref- 
erence component in any amplitude or phase 
S 1 t e reflectlons of reference component do 
not produce course bends 

The reference and deflectIon compo- 
nents must be characterized by dlffe rent 
types of modulat,on so that, ,n the rece,ver, 
e a c h may be separated and treated accord- 
mg to Its own purpose 

In the case of a tone local~eer, the ref- 
erence tom p o ne n t may be a slgnal of the 

Fig 2 Component Field Patterns 

form 

Er = A=[ 1 l m (sm alt + sin m,t)] smut (2) 

wh,le the deflectmn component may be a slg- 
nal of the form 

Ed : Ad (sm .alt - sx, o,t) sr, wt (3) 

S,nce th,s arrangement r e s ul t s ,n the pro- 
ductmn of sldebands of o 
in both the reference and Jb 

and a frequency 
e defl&t,on com- 

ponents, It 1s a common practice to consider 
the aeunuth dxtrlbutmn of the total sldeband 
components, shown plotted as the dotted 
curves labeled C and D ln Fig 2 This prac- 
txe, however, can 1 e ad to confusmn when 
the total sldeband patterns are us e d to ana- 
lyze localize r performance It should be 
remembered that It 1s pattern A, which 1s 
the difference ofpatterns C andD. which 
represents the de s 1 r e d dlstrlbutlon of de- 
flectlon component signal It 1s this signal 
whlchaccounts for alldepartures ofthe 
course devlatlonmdlcator from center, 
whether this s,gnal reaches the receiver 
.,~a the dl r e c t route or via site reflectlons, 
whether horlzontally or vertxally polarized, 
whether radiated by the antenna array or as 
leakage from the transmitter 

Smce It 1s c 1 e a r ly the site reflection 
of deflectIon component whuzh causes course 
bends, the bas,s of comparmg the bend re- 
duclng effectiveness of two locallzers should 
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Fig 3 Comparison of Deflectmn Component 
Field Patterns 

be their deflectmn component patterns Fig 
3 shows deflectmn component field patterns 
of two hypothetIca locallzers X and Y The 
p at t e r n s are plotted w 1 t h the same ratlal 
slope This means that when pared with a 
sutable reference component, either pattern 
would produce a course of the same width or 
sensltlvlty Now conslder a s 1te reflector 
which has a bearmg angle e1 with respect to 
the antenna array The ratm of the cardmates 
of the two curves X and Y at the angle O1 
shouldbeequaltotheratloofthecourse 
bend amplitudes whlchwould be produced 
by the reflector m e it he 1 case Thx ratlo 
1s named bend reductmn factor, R, and, for 

I 

R 

\ 

Fig 4 Bend Reduction Factor for Pattern 
X Versus Pattern Y 

the two hypothetical localleers, has the form 
shown m Fig 4 The value of R ~011 always 
be umty at z e r o azimuth angle, but for high 
relative effectiveness should rapldly decrease 
to a low value with mcreasmg azrnuth angle 
and should reman low. 

ARRAY TYPE A 

Consider a symmetrical linear array 
as III Fig 5 having a smgle central element 
plus symmetrical paws of e 1 e m e nt s The 
spacmg between adlacent elements 1s a con- 
stant S If p 1s the numb e r of a partxular 
element, countmg from the center. the ele- 
ment current 1s I on the right and I on the 
left. Suppo s e tge feed system 1s s&h that 
It can be represented by an equivalent clrcut 



Fig 6 Equvalent Circuit, Array Type A 

as In Fig 6 The current dlstrlbutmn I(p) 
IS controlled by regulatmg the value of each 
element’s shunt Impedance R 

An array of this type n?ay have a con- 
slderable advantage over the present conven- 
tional types as regards the slmpllclty of ex- 
tenslon to large apertures However, It also 
has an Important lxmtatlon, m that the cur- 
rent dlstrlbutlons f o r deflectmn component 
and for reference component are not mutually 
Independent This means that ,f a current 
dlstrlbutlon 1s chose n which optlmlzes one 
pattern, then the shape of the other pattern 
1s determmed, and must be either accepted 
or the whole arrangement reJected 

Because of the xnportance of the de- 
flectlon component f 1 e 1 d pattern m relatmn 
to site reflectlons, It IS natural that this 
pattern be chosen as the one to be optlmleed 
Havmg done this, It ~111 be of Interest to see 
what results m the way of reference compo- 
nent pattern 

Let us consider first the productmn of 
a deflectlon component pattern w hl c h rx.es 
to a maximum at an angle of 5’ from the 
course, then drops rapldly to a very low 
level, and has no minor lobes of appre- 
aable magnitude This ~111 be a pattern 
having about twice the sharpness, and re- 
qulrmg about twzce the aperture, of a stand- 
ard B-loop locallzer 

It 1s well known that a current dztrl- 
butmn m accordance with the corfficxnts of 
the bmormal expansion (a + b)“- results In 
a single-lobed pattern havmg, theoretlcally, 
no rnmor lobes whatever, provided the ele- 
ment spaclngS 1s 180”or less The field 
pattern 1s given by the equation 

F (8) = 2n-1cosn-1 (+n 8 ) (4) 

In which n 1s the tot a 1 number of elements 
Also It 1s true that If a s e r I e s IS formed in 
which each term 1s the difference of succes- 
slve bmomlal expansion coefflclents. then a 
current dlstrlbutmn m accordance wth such 
a series wlllproduce a double-lobed pattern, 
free of rmnor lobes The field pattern 1s glv- 
en by the equation 

F (8) = 2=-l sm($sme )COS “-2(2slne) (5) 

The formatmn of the difference series may 
be Illustrated by the followmg example 

1 9 36 84 126 126 84 36 9 1 
-1 -9 -36 -84 -126 -126 -84 -36 -9 -1 

1 8 27 48 42 0 -42 -48 -27 -8 -1 

As s u m I n g the afore-mentIoned type 
serxs 1s tobe used as the basis far the cur- 
rent dIstrIbutIonfor the deflectmn component 
pattern, It becomes necessary to select the 
senes which has the proper number of terms 
to give the pattern sharpness desired This 
may be done by settmg 

for e equa1 to 5”. and solvmg for n, the total 
number of terms Smce the values of angle 
8 mvolved are rather small, th,s procedure 
can be slmpllfled by the use of the small 
angle approxxnatlons for sme and co s one 
functmns, and It 1s found that the necessary 
value for nis approximately 25, with an 
element spacmg S e qua 1 to 254’ Substltu- 
tmg these values in equation (5) results l,, 
curve A, Fig 7 The bmomlal dlfference 
serws for n equal 25 may be tabulated, be- 
gmnmg at the center, as follows 



TABLE I 

P IA P IA 
0 

208,012 
326,876 
326,876 
245,157 
144.210 

67,298 

7 
8 
9 

10 
11 
12 

24,794 
7.084 
1,518 

230 
22 

1 

It ~111 be observed that several of the 
te r m s near the end are so small that their 
total contrlbutlon to the field pattern 1s neg- 
llglble In fact, It 1s found that, If the terms 
for p equal 8 through 12 are omztted. the 
mmor lobe s resultmg are more than 40 db 
down f r o m the rnaxxnurn. and the resultmg 
pattern does not differ by the width of the 
lme from that gxven Incurve A, Fig 7 

Thus the physical array maybe consldered as 
comprlsmg seven pars of elements, plus a 
center element whl c h carr’les no deflectmn 
component current This gives the array an 
aperture 

A = 2~x5 = 3456' (7) 

whlchcorresponds to about 85 feet at 110 MC 
With the standard 8-looplocal~eer as a basis 
of comparmon, the deflectlon component pat- 
tern, curve A, Fig 7, has a bend reduction 
factor R versus azimuth as shown plotted In 
Fig 8 

To obtamthe reference componentpat- 
tern, curveB, Fig 7. ltisnecessaryto 
compute the summation of sevenm-phase 
pairs w 1 t h amphtudes as g I v e n m Table I 
The amplitude of the central element, which 
c on t a 1 n s only reference component. 1s the 
one free chozce avalable It 1s chosen here 
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Fig. 8 Bend Reduction Factor for 85-Foot 
Aperture Array Versus Standard 
S-Loop Array 

so that the reference componentpattern does 
not qute go negative at Its lowest value 

It 1s of Interest to consider the devlatmn 
mdxcator current which would result w,th the 
patterns shown UI Fig 7 WIthIn certam hm- 
Its, devlatmn current 1s given closely by the 
re1atmn 

D + (8) 

and IS shown plotted for thla case l,, Fig 9 
The lumts mentIoned are notpartlcularly re- 
lated to the antenna design, but have to do 
with modulation levels and the characterls- 
hcs of the rece~vmg system 

ARRAYTYPE B 

It would be d e s I r a b 1 e perhaps If the 
wide angle radlatlon of reference component 
III array Type A could be reduced without 
sacrlfxmg the characterlstlcs of the deflec- 
tlon component field pattern 

Consider agam a symmetrical linear 
array as in Fig 5. but havmg a feed system 
which may be represented by the equivalent 
c,rcu,t of Fig 10 This arrangementls 
somewhat more d,ffl cult to deal with in 
theory, but not necessarily any more com- 

Fig 9 DeflectIon Ratm for Component 
Patterns of Figure 7 

plxated in p r a c tl c e than the Type A feed 
system 

The resistances, which represent the 
shunt element xnpedances, are here connect- 
ed not qute III p a r a 11 e 1, but are separated 
each from the next by a delay device havmg 
a very small phase angle .$I Consider a 
wave passmg down the hne from left to right 
The element current I 1x1 each case may be 
adJusted as before. & regulatmg the value 
of res,stance R but the phase of the cur- 
rent III each e R’ ment ~111 lag the current ,n 
the precedmg element by approximately the 
angle $‘lf the energy taken by any one ele- 
ment 1s relatively small compared with the 
tot.4 This means that the beam formed by 
the array~s not normal to the 11ne of the 
array, but lies at an angle 80 to the right 
of the normal, where 

e. = arc .,ng (9) 

Sumlarly. 11, the case of a wave passmgfrom 
right to left, the beam lies at an angle 80 to 
the left of the normal If the reference com- 
ponent energy produces m-phase exatatlon 
of the right and left lobes, the deflectmn com- 
ponent energywllproduce out-of-phase excl- 
tatmn of the same two lobes 

If the foregorug statements are true. 



Fzg 10 Equivalent Circut, Array Type B I 

a new tool 15 available, for It can be shown 
that If the sum and difference are taken of 
two slightly displaced beams whxh are free 
of rmrmr lobes, thenthe twonewpatterns 
which result may be free of mxmr lobes also 

Suppose the current dlstrlbut1.m 1s such 
that the r I g ht and left beam patterns are of 
the bmormal type so that 

F1 (o) = 2”-l cos”-’ [ $,I, (o - oo)] (10) 

F2 (e) = 2*-l cOsnwl [ $sm (e + e,)] (11) 

These are shown plotted In Fig 11 for val- 
ues n = 109, S = 254’and Bo = 0 5” T he 
sum and d I f f e r e n c e patterns are shown In 
Fig 12 as curve Band curve A respectively. 

That the s urn and difference patterns 
should be free of rmnor lobes may be shown 
as follows The binormal distribution func- 
tlon for large values of n 1s found to be very 

4 6 8 10 
nZIM”TH IN DEGREES ,Ol y$~;$+m~y” 

Fig 12 Component Fwld Patterns, 200~ 
Foot Aperture, Array Type B 
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TABLE II 

P 1A P 

0 

1 4 

520:rloL9 14 1 b;k-3029 

15 1 0542~10’~ 

2 8 5bOOx1O29 lb 6 2b47xlo2' 

3 1 1712~10~~ 17 3 5b25x1O28 

4 1 3725~10~’ 18 1 9384~10~~ 

30 5 1 4540x10 19 1 0090x10 28 

b 1.4249~10~’ 20 5 0237~10~~ 

7 1 3080x103o 21 2 3869x10 27 

8 1 1333~10~’ 22 1 0921x10 27 

9 9 3090x1029 23 4 72box1o2b 

10 7 2720~10~~ 24 1 9599~10~’ 

11 5 41b0a1029 25 7 7533x10 
25 

12 3 8485~10’~ 26 2 9228x10 
25 

13 2 b138x1O29 27 1 0493X1025 

closely a p p r ox 1 m a t e d by the probablllty 
function 

1B 
= Kl c -cp2 (12) 

Slmllarly, the blnomlal dzfference series 
dlstrlbutlon 1s very closely approximated by 
the equatlan 

2 

1A 
= K2 p c -=p (13) 

For a given aperture, the constant c has the 
same value for both equatmns In ttis case 
c equals 0 0188 For a r I ay s of relatively 
high sharpness, the antenna pattern 1s given 
by the Fourier transform of the current dls- 
trlbutlon. Furthprmore, accordmg toCamp- 
bell and Foster, the Fourier transforms of 
both I 
5 am eAform 

and lB are functions of exactly the 
In other words, there exists 

here the mterestlng sltuatlon that the shapes 
ofbothfleldpatterns are the same as the 

1 G A Campbelland R M Foster, “Fourier 
Integrals far Practical Applxatmns,” Bell 
Telephone TechnlcalPubllcatmns. Monograph 
B-584, September 1931 

:, 3 5::8~10~~ 

29 1 1624~10~~ 

30 3 5788~10~~ 

31 1 0442~10~~ 

32 2 8826~10~~ 

33 7 5892~10~~ 

34 1 77b2xlO21 

35 4 2755~10~’ 

36 9 2840~10~~ 

37 1 8874~101~ 

38 3 5818~10~~ 

39 6 3245~10~~ 

40 1 0351x1017 

41 1 5635~10~~ 

4: 2 lb',A,xd5 

43 2 7471X1014 

44 3 1552~10~~ 

45 3 2595x10” 

46 2 9987x10" 

47 2 4268x10” 

48 1 7013x109 

49 1 0115x108 

50 4 9b21x106 

51 1 9281~10~ 

52 5 5640~10~ 

53 1 ObOOx102 

54 1 0000 

shapes of the correspondmg current dlstrl- 
butmn functions In subtracting the right and 
left beam patterns, F1 and F2, Fig 11, whxh 
are ldentlcal except for a smalldlsplacement 
along the abscissa. the effect is TO form the 
derlvatlve. or to go from a function ha VI n g 
the form of equatmn (12) to one ha v 1 n g the 
form of equation (13) Both are free of manor 
lobes 

For reference. the current dlstrlbutmn 
IA 1s given in Table II for n = 109 The val- 
ues m the tab 1 e were calculated, not by the 
approxrnatlon, but from the bmomlal dlffer- 
ence series 

In the practical design of the physlcal 
array It should not be necessary to go much 
beyond p equal to 16 to achieve a sufflclently 
low level of mnmr lobes Thx would corres- 
pond to an aperture of about 200 feet 

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

PHYSICAL DESIGN 

rhe two arrays w h 1 c h have been des- 
crlbed were planned with n specific physical 
arrangement In mind. VIZ , the combination 



Fig 13 Bend Reductmn Factor for 200-Foot 
Aperture Array Versus Standard 
B-Loop Array 

of slot r ad I at in g elements with wavegulde 
feed However, there 1s no reason, other 
than considerations of complemty, why the 
slots could not be replaced by dipoles or 
loops, and the wave guide by transmission 
11lle 

Fig 15 1s Intended to show the general 
nature of the Type A antenna The drawmg 
IS neitner to scale nor does the number of 
slots shown have any slgmflcance The guide 
IS excited III Its dominant mode. with the e- 
lectrlc field vertical The two guide-feed 
probes, one a vertIcalwhIp, the other a half- 
loop, produce m-phase and out-of-phase ex- 
cltatlon of the two halves of the guide With 

Fig 14 Deflectmn Ratlo for Component 
Patterns of Figure 12 

the symmetrIca dlsposltlon of the two feed 
probes, they do not couple one to the other, 
thus, they behave t h o rough 1 y as a hybrid 
Junction Each s 1 o t receives excitation by 
the guide through a hookedprobe, not shown, 
whl c h IS mounted on the guide wall, xnme- 
dlately to one side of the s 1 o t Orientation 
of the hook determlnes the polarity and mag- 
mtude of the slot current In each case 

The slots, In the case of the Type A 
antenna, are spaced l/2 guide wavelength a- 
part, which puts them effectively In parallel 
as shown In the equivalent clrcult, Fig 6 

Fig 16 represents the Type B Antenna 
The construction would be quite sxnllar, ex- 
cept for the locatlon of the feed p r o be s and 

Fig 15 Antenna Type A 
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Fig lb Antenna Type B 

the fact that the slots are space d shghtly 
farther apart than l/2 guide wavelength A 

CONCLUSIONS 

transmission-line b r I d g e e xt e r n a 1 to the 
guide appe ar s to be an effective means for 

It IS concluded that readily controllable 

obtalmng the required gmde excltatlon 
locallzer antenna arrays canbe constructed, 
wlthout undue c o m p 1 e XI t y. to have almost 
any aperture that would be desired The 
methods. which have been outllned, would 
bear further e x p e r 1 m e n t a 1 xwestlgatlon 


