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THE CAA DIRECTIONAL LOCALIZER

SUMMARY

A locelizer is that portion of the CAA instrument landing
system which provides lateral guldence to an sircraft spproeching
a given runwey. The directicnal locelizer ls used where a conven-
tlonal localizer is not satisfactory. Thls report describes the
results obtained with two experlmental directional locsalizer instal-
lations developed et the Technical Development Center at Welr Cook
Municipal Airport, Indianapolis, Indiena. A directional localizer
antenna system consists of two parts: (1) a very directive array
which provides course information a few degrees to each side of the
extended centerline of a given runway, and (2) a clearance array
Wwhich provides bearing or clearance informstion at s8ll other azimuths.
A slotted waveguide opersting in the TEOl mode comprises the very
directiongl portion of the antenna system. The first instellation
employed e waveguide 200 feet in length with 34 vertical slots speced
Tl inches apart in the front fece of the guide. The second Installa-
tion utilized a 117-foot wavegulde with 18 active vertical slots in
its front face. The same clearance arrsy, consisting of an 8-loop
localizer array placed 50 feet to the rear of the waveguilde, was used
with both directional localizers. Tests were made throughout the
localizer band 108 to 112 Me.

The effectiveness of the waveguide in reducing course bends
was clearly demonstrated in ground and flight tests. Tests were con-
ducted to determine the effects of reflecting objects in front of the
localizer between 2.8° and 25°. An eppreciable reduction in "siting
error” was demonstrated in favor of the directional localizer. A
large reflecting screen, placed 200 feet to the rear of the clearance
arrey snd orlented so as to produce large bends along the course
wvhen the clearance array only waes opermsted, ceused negligible bends
when the directilonal localizer was placed in operation. The effect
of temperature on the stability of three types of coaxlal trans-
mission llpe was 1nvestigated. A tuneup procedure for the antenna
system is described.

INTRODUCTTION

Although the eight-loop localizer now in use at msny
eirports has been improved over a period of years and is satisfactory
in most cases, there are locations where nearby hengars or other large
reflecting surfaces ceuse bends in the course. At these locetioms,
special techniques are required.

Several large-aperture antenna systems have been
developed which will provide straighit courses at dlfficult sites.
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Three types, namely, a parabolic reflector, s linear array, and & 1l05-foot
slotted waveguide, were described in earlier reports.l:2 OFf these, the
glotted waveguide zppezred to show the most promise for use on the Federal
Alrweys. The factors considered in sdoptang the slotted wavegulde were:
(1) simplicity of the feed system, (2) stability of course width and posi-
tion, (3) a high degree of bend reduction, (%) a minimmum of polarization
error, and (5) ease of fabrication. This report describes two experimental
directional localizers, using slotied waveguides, which demonstrate these
features.

THE 200-FOOT WAVEGUIDE

Description.

When the directional localizer experaments were Ilnitiated in
September 1947, current stendards for localizera required a nomlnal course
width of 5°., Theoretical considerations of the slotted waveguide antennal
indicsted that an aperture of 200 feet would place the mgjor lobes of the
sideband patterns at approximately 2.5° on elther side of the course and
thereby provide the maximmm ussgble sharpness of course under existing
locallizer standsrds. A very hisgh degree of bend reduction also would result.
A slotted waveguide 200 feet long wes fabriceted of gelvanized sheet lron,
using stendard sheet-metal praetices in its construetion., Thilrty-four slots
spaced Tl inches apart (169° at 109.9 Mc) were provided, all of which were
employed except the one nearest each end of the waveguide. The centers of
the slots were 52 inches gbove the ground as measured at the middle of the
front face of the wavegulde. Figure 1 is a view of the 200-foot slotted
waveguide. An 8-loop clearance array was locabted approximately 50 feet
behind the waveguide. The loops of the clearance array were mounted one-
helf wavelength above a wire mesh screen laid on the floor of the antenna
shelter. The plane of the loops was 20 inches above the centers of the slots
of the wavegulde. Figure 2 18 a block diagram of the mechanically modiilated
directional locsalizer.

Ad justment.

The calculated sperture field distributlion of the 200-foot
waveguide was based on the binomial dafference geriesl of 160 terms. Cnly
the center 32 terms were used. The series represented a compromise between
relative amplitude of the minor and major lobes of the sideband pattern and
the angular spacing between the major lobes, A greater number of terms 1n

Lchester B. Watts, Jdr., "Some Considerationz of Wide Aperture
Localizer Antennas," Technical Development Report No. 155, Janmary 1952.

2Chester B. Watis, Jr., Samuel E. Taggart, and Kennard E. Voyles,
"Development of & VHF Directional Localizer," Technical Development
Report No. 183, May 1954,



3

the series would have resulted in a somevwhat decreased angular spacing of the
maJor lobes, but an increased amplitude of the minor lcbes. A smaller numbes
of terms in the series would have resulted in increased spacing of the magyc:
lobes, reduced amplitude of the mincr lcobes as compsred to the major lobes,
and increased difficuwlty in reeding asccurately the relative slot currents mear
the ends of the guide.

An improved radio-frequency {[r-f) probe for exeiting & slot was
developed which caused only a few degrees variation in phase at its associated
slot when the slot current was changed by probe adjustment.3 The engles at
which the probes were set, 1o cbtain the desired current at .ach slot, were
calculated after meaguring the characteristics of one probe. All probes
then were set accordingly. Indirect indication of the relative slot currents
were cobtained with the small r-f measuring deviece shown in Fig. 3. The thec-
retical and measured slot currents for carrier and sidebend distribution are
given in Figs. LI and 5. Later tests indicated that the dlscrepancy between
the theoretical and the measured patterns shown in Figs. 4 snd 5 is due pri-
marily to the chaenge in guide wavelergth caused by the individual slot execi-
tation probes. No allowance for this effect was made when the engles at which
the probes shcould be set were calculated. The resull, as far as the field
patterns were concerned, was much the same as if a smaller number of terms
had been used in the binomial series; that is, the mlnor lobes were decreased
and the angle between the twe major lobes of the sideband patterns was in-
creased. The carrier pattern also was made somewhat broader. Figure & shows
the method used for supplying sideband and carrier power to the waveguide.
Lines L, and Ly each were originally 105-foot lengths of RG-17/U trensmission
line, end L3, L, and Lg each were 0,158 1 lengths of RG-8/U transmission
line. Lg, also made of RG-8/U trancmission line, was 0.658 A long. Side-
band pover was fed to the bridge at the junction of L3 and L), and carrier
povwer was supplied at the junction of Ls and Lg. Tae linesz L3y and Lp were
supported sgainst the bottom of the waveguide and connected hetween the other
tWo corners of the braidge and the 27-inch vertiecal whip antennas used %o
excite the waveguide. The measured voltasge standing wave retio (VSWR) at the
input corners of the bridge was found to be approximately 10 to 1 before
matching. After matching, the VSWR at each input of the bridge was reduced
to less than 1.1 to 1.

Tie Line Stability.

After the waveguide was placed in operation and the course widih
had been set to 5° by changing the sideband power supplied to the guide as
required, 1t was observed that the courae width changed with a change in

3The slot probe used previously with a 105-foot waveguide consisted
of a2 bent l/h-lnch brass rod. Slot current wes controlled by changing the
depth of penetration of the prcbe 1nto the waveguide. This caused consid-
erable change in r-f phase at the associsted slot. The new design probd,
which was used in the 200- and the 117-foot waveguides, also was bent, but
was arranged to pivot about at a fixed point; therefore, ths totdl ledgth™ of
pProbe inside the waveguide remained constant during adjustment of slot current.
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temperaiure., It aise wes observed that the VEWR at the lnput cormers of
the r-f bridge feeding the gwide changed with variation in emblent tempera-
ture. The cause of the variation in the VSWR at the input corners of the
bridge, and indirectly, for the chsgge in the course width, was found to be
due to variation in the length of tie lines L; and L, shown in Fig. 6.
Investigation showed that, as the ambient temperature increased, the elec-
trical length of the tie lines decreased. A test of alr dielectric trans-
mlssion line showed that it possessed a positive temperature coeffilcient
gbout one-fourth as great as that of RG-lT/U line and about one-sixth as
great as that of RG-B/U line. Tests demonstrated that by using a combi-
netion of lengths of air dielectric and RG-8/U line, the resultant elec-
trical length of the combined linee could be maintained to a very close
tolerance. These results are shown in Fig. 7. After the original tie lines
were replaced with a combination of sir dielectric line and RG-8/U line,
the variastion in VSWR with change in ambient temperature was reduced to a
very low value. Some additional stability was gained by changing the lines
Ly, L4, L5, and Lg (Fig. 6) to 0.1A , 0.1 A , 0,25 , end 0.75A , respec-
tively. These changes in length in conjunction with some edJustment of the
lengths of L; and Lp resulted in an unmatched VSWR of spproximately 2.5 to
1l at each Input of the bridge. Msatching the lines resulted in a VSWR of
less than 1.1 to 1 in the carrier and sideband feed lines.

Tests.

Flight tests were made to record clearance snd the field strength
patterns of the 200-foot waveguide and of the 8-lcop clearance asrrays. The
field strength meter used was a Type BC-T33 receiver modified to give
essentielly linear indication with varistion in field strength. The re-
ceiver used in obtaining the recordings of cross-pointer deflectlon was a
standard Collins”Model 51-R-2.

Figure BA is a recording of the field pattern of the weveguide
array when unmodulated power was supplied to the sideband input of the r-f
bridge. Azimuth is measured in a clockwise direction from the extended
centerline of the runway. Amplitude of the received signal i1s dlrectly
proportional to the recorder deflection. It will be noted that the ratilo
of amplitude of the major lobes to the minor lobes 1s greater then 15 to 1,
at all azimuths except 177° and 183° where there are two small lobes whose
smplitudes are gpproximately 10 per cent as great as the major lobes. The
difference in amplitude of the two major lobes probably is due to difference
in the theoretical and the actual slot currents. No attempt was made to
equalize the two major lobes. The angle hetween the two major lobeas is
8lightly less than 8°, whereas the calculated value was 5°. Better agree-
ment between the theoretical and measured spacing of the major lcbesz would
have been cbtained if all slot currents had been get more closely to the
theoretical values given 1in Fig. 5.

Figure 8B is a recording of the field pattern of the waveguide
when unmodulated r-f was supplied to the carrier corner of the bridge feeding
the guide. The minor lobes and the lobe to the rear of the wavegulde are
all less than 5 per cent of the main lobe. The half-power width of the main
lobe is spproximately 6°.
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Fizure 8C 1s a recording of the field pattern when separste
unmodulated -f voltages differing in frequency by 10 ke vwere supplled sumul-
taneously to the carrier lmape of the clearance array and to the carrier
corner of the bridge feedang the guide. The large lobe near 0° represents
the carrier of the waveguide srray. There is no discontinuity or irregularity
in the recorded pattern tc indicate the exact point at which control of the
field strength meter shafts from the carrier of the wavegulde to the carrier
of the clearance array. The ratio of the field strength of the carrier of
the waveguide on course to the carrier of the clesarsnce arrsy ls approxi-
mgtely 6 to 1. The minor lobes of the waveguide are completely masked Dy
the clearance array.

Figure 9A is a recording of the course deviation indicator (CDI)
current vhen the wavegurde array only was cperating as a localizer. The
course width is 4.5° and the crossover is smooth. Numerous reversals and
peints of low clearance are present., There 18 & rear course which appears
nearly normal with respect %o width and smoothmess of crossover.

Figure OB is a recording of the CDI current made when the eight-
loop elearance array only was coperating. Here the crossover on the front
and the rear courses i1s smooth and there are no points of low clearsnce. The
front course arbitrarily was set to a width of 5.2°, which resulted in a rear
course width of slightly less than 4°.

Figure 9C 1s a recording of the CDI current when both the waveguide
and the clearance arrays were in operation. A comparison of Figs. 9B and 9C
shows that there 15 no significant difference between the two. The front
course width is only slightly less when the twe arrsys are operating simul-
tanecusly then when the clearance array only is cperating. The clearance
array does not control the receiver over the aximuth zector in which the
carrier field strength of the wavegurde is much greater than the carrler
field strength of the clearance array.

Ground tests of the installation were made at a distance of 5,000
feet using a Collins 51R2 receaiver mounted in a2 trck. Readings were taken
in mid-morning of the working day and asgain in the late afternoon. The equip-
ment was turned off daily and over weekends, but was glven s warmip period of
1 hour prior to the time cbservations were made. No adjustment was made to
any part of the receiving equipment or the transmliting equipment during a
20-week period. The measured varistions in course position end course width
of the waveguide array, and of the clearance array operating seperstely and
gimultaneously, are shown in Figs. 10 and 11, and include gll errors due to
varigtion in the directional localizer installation, ground and weather con-
ditions, and truck-mounted measuring equipment.

In Fig. 10, which 15 2 bar greph of course posation variation, it
will be noted that the waveguide, operating by itself, showed 2 meximum total

ll''C.‘l',he:sst.e::r:' B. Watts, Jr., op. cit.
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variation in course position of plus or minas 0.05°., The clearance array,
when it was operated by itsell, showed a total variation of spproximately
plus or minus 0.125° course deviation during the same period. When the
wavegulde was cperated in conjunction with the clearance array, the maximum
total varistion in course position was spproxamately plus or minus 0.05°,
This indicates that the waveguide had predominant control of the course
posltion.

The bar greph in Fig. 1) shows the variation in course width of
the waveguide operating by 1ltself, of the clearance array operating by
itself, and of the two errays opersting simaltaneously. The significant
fegture of this greph iIs the close correlation between the course width of
the waveguide operating by itself end in conjunction with the clearance
array. It will be noted that there is only rendom correlation between the
variations in course width of the c¢learance array and of the waveguide
arrgy. This is further evidence thet the waveguide controlled the course
width in a narrow sector on esch =ide of the course.

THE 117-FOOT WAVEGUIDE

Description.

While the 200-foot wavegulde provided excellent results, it was
recognized that the degree of bend reduction which could be expected wes
more then would be necessary st the majority of ailrports vhers severe bends
of the localizer course existed. After a careful study of the performance
of the 200-foot and the 105-foot? waveguides, it was decided that a guide
with en aperture of 117 feet wilth 20 slots shouwld provlide sufficient bend
reduction. This reduction in aperture from 200 feet to 117 feet also should
regult in a substantial reduction in the initial cost of the waveguldes.

Plans were drawn for a new waveguide having inside dimensions
117 feet long, 77 inches wide, and 40,75 inches high. The new waveguide
was mounted on the ssme structure that was used for the previous model.
The midpoints of the slots were 52 inches above ground at the middle of the
wavegulde, send the spacing between the wvaveguide slots and the clearance
arrey was 50 feet. The clesrance array was left unchanged. Flgures 12 is
e view of the 117-foot weveguide and the 8-loop clearance array.

Chenges in construction of the new wavegulde over the two earlier
models included; (1) 2 sloped corrugated sheet metal roof which overhung
the front face of the guide approximately one foot, (2) a Fiberglas cover
over each of the 20 elots, (3) teflon spacers and mechanical stabllizers
at each slot, (4) an improved access port at the center of the rear face of
the guide, (5) rigid mounting srrengements for the exeitation probes,

(6) additional supporting members under the bottom of the guide, and (7} the
goldering of all seams on the inside of the guide. An improved device for
meszuring relative slot currents alsc was developed. This device, with
vwhich a high degree of repeatzbility of readings was obtainsble, is shown

SChester B. Watts, Jr., op. cit.
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in Fig. 13 set in position for muse Just under the sloping bottom of the Fiber-
glas slot cover. In sddition to the sbove changes in the wavegulde, the
mechanicel modulation system uwsed on the eariier directional locelizers was
replaced by electronic modwlation in order to conform with standard Federal
Alrways locelizer installations. Figure 14 is a block diagram of the elec-
tronically modulated directional localizer using the 117-foot waveguide,

In determining the relative slot currents for the sidebend
distribution of the 117-foot wavegwide, the binomial g¢ifference series was
employed where the pumber of terms equals 82. Only the 18 middle terms of
this serles were used. The thecreticeal and measured sidebend slot curreants
gre given in Fig. 15. The slot currents for the carrier dlstribution of the
new waveguide are given in Fig. 16. It will be noted that there is consid=
ergbly more variation hetween the theoreatical and the meagurad values of the
carrier distribution than there is between the same two curves of the side-
bend distribution. This is a normel situation in practice because the probes
are adjusted as necessary to cbtain, as closely as practicable, the theoreticel
sideband slot current distribution, and the resulting carrier slot current ls
accepted.

Figure 17 shows the theoretical sideband pattern of the 117-foot
waveguide from 0° to 16° off the runway centerline and the sideband pattern
of a conventional logalizer plotted to the same slope in the direction of fthe
runway centerline. A comparisen of the two curves 1s indicative of the bend
reduction obtained when using the slotted waveguide atitenno instesd of the
conventional localizer antenna.

It will be ncted that the amplitude of the minor lobes in the
sideband pattern is approximately 6 per cent of the major lobe:; The minor
lobes could have been reduced to a lower value by using a smaller number of
terms in the binomisl series on which the sideband currents are based, but
thils would have resulted in a greater angular spacing of the two major lobds
of the sidebend field pattern, and the course, since it is determined by the
wavegulde, would have been further subject to the effect of reflecting objects.
By cperating the waveguide as a clipped binomial array, many of the adventages
of an array with an sperture of 450 feet are obtained in the 117-foot
waveguide,

The ratio of the amplatudes of the two curves shown in Fig. 17 1s
plotted in Fig. 18. This curve represents the ratios of the bend-producing
energy of the twb types of antenna oparating singly over the azimath shown.
The abscisse may be defined as the bend reduction factor of the 117-foot
wavegulde array over the 8-loop clearance arrey.

Ad justment of the Waveguide and R-F Bridge.
The errangement of r-f bridsze and tie lines for the 117-foot
wavegnide was similer to that used on the 200-foot waveguide. See Fig. 6.

The first step in adjusting the 117-foot waveguide was to set all
of the probes at the seame angle and then adjust tle llnes I; and Lz to the
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same electrical length. The tie lines were cut to the same physicel length
and Joined through a tee-fitting. They then were adjusted in length until
equal currents were cobtained on the two center slots of the wavegulde vhen
power was supplied ¢ the center connection of the tee-fitting. Following
this operation, all of the slot probes on the south half of the gulde were
ad Justed so as to obtain approximately the theoretical desired current dis-
tribvution shown in Flg. 15. Each prcbe on the north helf of the guide then
was set to the same angle as the corresponding probe on the south half of
the guide. The procedure was followed a second time and complete readings
were mede of slot currents. Figure 19 is an interior view of one end of
the guide which shows the 25-inch excaitation probe and two of the slot
probea sdjusted to give the desired current ratios at their respective
slots. No atiempt was made to establish an optimum length for the excltation
probes.

Prior to matching, the VEWR observed af the sideband input of the
r-f bridge was gpproximately 12 to 1, and the VSWR at the carrier input of
the bridge was less than 3 to 1. A 90° change in length of the two tie
lines, L, and Lp, decreased the VSWR at the sidebend input of the bridge
to approximately 2.5 to 1, but resulited In a VSWR of 15 to 1 at the carrier
input of the bridge. By adjusting the lengths of both of the tie lines and
of the r-f bridge elements, 1t was possible to obtein = VSWR of spproximately
2.5 to 1 at the carrier and sideband inputs of the bridge simlteneously.

The procedure followed in determining the lengths Ly, Lo, Ly, Ly,
L5, end Lg was to make L3, Ly, and L each one-quarter wavelength long end
Lg, three-quarters wavelength long, select two equal random lengths for Ly
and L,, and then measure the VSWR at the carrier and the sldeband inputs of
the bridge. As L) and 1p were maintained equalltut veve:hhanged.in Small
amounts simulteneously, the VSWR would be observed to change at the two
input corners of the bridge. The object was to reduce the VSWR to a mihi-
mum at each input cormer of the bridge using a given length of tie line.
It was necessary to change the lengths of all four of the bridge legs before
a length of the tle lines was found which permitted a low VSWR to exist in
both the carrier and sidebend inputs of the bridge before matching. The
slot currents then were rechecked and the settings of the probes were read-
Justed slaightly in accordance with the procedure ocutlined =bove. The r-f
feed lines to the bridge then were matched to a VSWR of less thaen 1.1 to 1.

Fleld patterns were measured with the wevegulde excited by
unmodulated r-f energy supplled first to the sldeband and then to the
carrlier inputs of the r-f bridge. The minor lobes were found to have an
amplitude less than 10 per cent of the major lobes of the carrier and of
the sideband patterns. When Fiberglaes covers were placed over the slots,
no measurable difference was noted in either the amplitude or the shape of
the recorded field patterns. Tests for verticel polarization of the aignal
from the waveguide were made along course with a portable polariscope mounted
in the plape 2nd in the instrument truck. No polarization error wes noted
in either cage.
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Field Strength Ratios and R-F FPhasing.

A comparison of the carrler field strength of the waveguide and the
carrier field strength of the clearance srray, when each was fed the same
amount of power, showed the waveguide to have a galn of approximately 9 db
along the extended centerline of the runway. It was noted thaet the field
strength of the clearance array was asbout 6 db lower in the direction of the
runway than it wes in the cpposite direction. There was no.change in the
front-to-back ratio of the carrier field pattern after the specing of the
carrier loops was increased to 150° to obtain more clearance.

An earlier report6 states that phase error due to proximity of the
observer to en anftenna array may be closely approximated by the formala

—A? c952 ¢

8p

e =

where the error e is expressed as the difference in length between the ob-
server and the ends and the center of the antenna array, A is the total sper-
ture of the erray, D is the distance hetween the observer and the center of
the array, and is the azimuth of the observer with respect to the arrey,
measured from the normal. It will be noted by inspection of the formmla that
the error In phasing varies inversely with the distence from the antenne array.
This is shown in Fig. 20. When using the sbove formula for calculating the
two curves in Fig. 20, an equispaced, three=-element, linesr arrey with an
eperture of 102 feet was assumed.

Proper phase relationship between the carrier and the sideband
inputs to the r-f bridge feeding the wavegulde was determined by the
quadrature method. An instrument truck equipped with a Collins 51R3 recelver
was located at a point 5,000 feet from the station and 2 1/2° off the runwey
centerline. At thas point, due to proximity between the ends end the middle
of the waveguide array, the phese error was considered to be approximastely
5°. A 90° length of r-f line was inserted in the carrier feed line and the
r-f phaser wes adJusted until the CDI current in the instrument truck was
reduced to zero, indicating gquadrature relationship between the cerrier and
the sideband. The added 90° length of r-f line in the carrler feed line then
was removed and the attenustor in the hybrid unit of the associated sideband
generator rack was adjusted umtil the CDI read full secale.

A similar procedure was followed in the adjustment of the clearsnce
array. Becsuse the field strength of the cleerance arrsy is mich lower than
the field strength of the wavegulde array, the clearance arrey does con-
trol the receiver within 5° of the course established by the waveguide!)’
Considerable latitude exists in the setting of the ettenwator pad in the

SChester B. Watts, Jr., op. cilt.

@watts, Taggart, and Voyles, op. clt.
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bhybrid unit used wath the sidebend generator wvhich supplies power to the
clearance array. It is therefore possible to obtain almeost eny width
deslred for the rear course independently of the front course.

A change a1n the ratio of the field strengths of the two arrays
ecan be accomplished by chenging the power delivered to the clearance arrey.
The optimm ratio depends upon the magnitude of the minor lobes of the
wvaveguide array and on the desired distance range of the imstellatlon at
right angles to the course. If the ratico is set too low, the waveguide
wlll lose control of the receiver and the effectiveness of the wavegulide
in suppressing bends or scalloping wlll be reduced. If the reatio is set
bhigh, the distance range of the system perpendicular to the course will be
reduced or there may be points of low clearance at certein bearings from
the station.

In order to determine the optimum faeld strength ratio,
recordings of CDI current were made at an altitude 1,000 feet above
ground while flying e semicircle of 6 miles® radius across the front course.
& Collins 51R3 receiver was employed. Recordings in Figs. 214, 21B, 21C,
send 21D show the effect of using different ratios of fleld strength on
clearance.,

Figure 21A shows the CDI current recorded when the ratio of the
field strength of the carrier of the wavegulde to the carrier of the clear-
ance array is 3.35. The course width 1s approximately 1.8° and the
crossover is smpoth. There are no points of low clearance.

Figure 21B is a reccrding of CDI current when the ratio of field
strength of the carriers of the two arrays is 4.41. It will be noted that
there is a small decrease in clearance on each side of the courge beyond
full-secale reading of the CDI.

Figure 21C shows the effect of further increasing the ratio of
the carriers of the two arrays to 6.06. At 1B8° the CDI ecurrent is 168
microamperes, whereas at the corresponding point in Fig. 21B, the CPI cur-
rent is in excess of 214 microamperes. This demonstrates the effect of the
minor lobes of the wavegulde on the clearance of the system. This 1s the
ad Justment consldered optlmum consistent with operating requirements.

In Fig. 21D, the power to the clearance arrsy was reduced to the
lowest value tested., The ratlio of the field strength of the two carriers
was 8.,08. While the crossover remained smooth, the clearsnce decreased to
a velue of 142 microsmperes at 18° azimuth, which 1s below the full-scale
value of 150 microamperes.

Figures 224, 22, and 22C are recordings obtained on orbital

, Tlights at a distance of 6 mlles from the directional localizer. They ‘were
made while the fleld strength retio of the carriers of the two arrays was
6.06.



11

Figtrs 224 15 a recording of the CDI current made while clrcling
the station with sideband and carrier power supplied only to the waveguide.
The recording while flying across the course 1s smooth. Maximum clearance
is obtained at spproximately 4° on each side of the course. It will be noted
that the clearance, when the waveguide is operated alone, decreases beyond 4°
until it becomes zerc at epproxaimately 10° on each side of the "on course”
position. These are the points at which the effeet of the clearance arrsy
is greatest becsuse the space modulation of the elearance arrgy is greatest.
It ie in the sector between these points where capbure effect™ permits the
waveguide to exerclse grestest control over the operation of the receiver.

Figure 22B, a recording of CDI current with only the clearance
array in operation, shows the low-clearance points at 22° on eaech side of the
front and rear courses which is typical of 8-leoop logalizers. It will be
observed that the wildth of the front course is spproximately 5°, whereas the
width of the rear course is slightly less than 4°. This difference in course
width is believed to be due 4p. the presency aff the wayegitide.

Figure 22C is a recording of the CDI current made with both the
clearsnce array and the waveguide array in operation. At 8° on each side of
the front course, there are slight decreases in the amount of cleasrnmce. As
the cleersnce arrey assumes more control of the recelver and as the gpace
modalation of the cleamrance array carrier by the clearance array sidebands
inereases, reaching a meximum at 10°, the CDI current increases to more than
250 microamperes., In this recording, the CDI current remains above 250
microamperes except at a point sbout 20° on each side of the front and rear
courses, where low clegsrance ordinarily is encountered from an 8-loop
localizer.

Figure 23A is a recording of CDI current during a low spproach from
a point 10 miles from the atation when only the clearance srray was in cper-
ation. The alrplane was aligned wath the runway visually by the piloft during
this flight. Deviations of 25 microemperes to the left and 18 microamperes
to the right will be noted in the CDI current end many smeller variations
can be seen.

Figure 23B is a recording of CDI current varietion when the
waveguide only waes in operation, but with other conditions the same as in
Fig. 23A. In thas case, the CDI deflection is 1] microamperes left and
Zero, The rendom excursions in CDI current are less than those in Fig. 23A.

Figure 23C shows the CDI current variation during a low approach
when both the clearance array and the waveguide were in operstion. Maximam
departure from "on course" indication was 12 microemperes left and zero. The
random variations are of similar frequency and magnitude as in Fig. 23B,

Schester B. Watts, Jr., op. cit.; Watts, Taggart, and Voyles,
op. cit.


http://wavegtu.de

12

indicating that the waveguide was controlling the receiver when both arrays
of the directionsal locallzer were in operation.

SITING TESTS

Ground and flight tests were conducted to investigate the
comparative effect of a nearby reflecting cobject on the courses of the con-
ventional and the directionel localizer. A vertical screen comprising the
reflecting cbjeet wes positioned first in front of, and later behlnd, the
entenna system. Portable towers supported the vertical =zcreen which con-
sisted of eight horizontal eluminum wires, one above the other, spaced 8
inches gpart end 100 feet long. The wire screen could be ralsed to a height
of 55 feet ebove ground level. Figure 2L 15 a view of the vertieal screen
reflector positioned in front of the antenna system. As shown, 1t is 450
feet in front of the clearance array and approximately 23° from the course
line. An instrument truck equipped with an aircraft-type "ram's horn"
recelving sntenna, a Collins Type 51R3 receiver, and necessary recording
eguipment were used In these tests. The truck was driven on the runway
centerline from approximately 2,300 feet to a point within 800 feet of the
localizer anftennas. Checks alsc were made crossing the course 900 feet from
the localizer antennans. Recordings were made wlth the refleetor positioned
at various distences from the course line ( & = 2.8° to 25.2°, Fig. 25) for
the conventional localizer, the directionsl locelizer, and the slotted
waveguide. The tests were mpde with the exis of the vertical screen
reflector parallel and also perpendicular to the localizer courses.

"Siting error" is defined as the difference between the number
of degrees traversed by the course deviation indicator (extremes plus to
minus) with the test 3creen.in.place and with the test sereen removed.?
This error in a locelizer results from unequal 90- and 150-¢ps signal com-
ponents 1n s receiver which is located con the logselizer course. The .
inequellty bebtween the 90- and 150-¢ps signals is & functien of the r-f
Phase difference between the dirsct and reflected signels. The curve in
Fig. 25 illustrates, for one slting condition, the rete of change in r-f
phase difference between the direct and reflected signals as the recelver
moves along the localizer course. Referring to the disgram in Fig. 25, the
difference In distance'%’ traveled by the direct and reflected signale
erriving at & receiver (x &+ b) distance from an antemnna can be expressed
by:

V=x-}'b-(a.+d)
b
=X4+b- -\/b?tar@@ +x°
GOSB

98. R. Anderson and H. F. Keary, "VHF Omnirange Wave Reflectlons
from Wires," Technical Development Report No. 126, May 1952, pp. 1 and 9,
Fig. 15A.




h a]
Sx4 - - P\ 284 (92
cos B
~x+b |1 - =2 . \/tau25+(]f)2 (1)
0056 b

where

10 = difference in distance 1n feet traveled by the direct and the reflected
signal arriving at a receiver.

a = distance in feet from clearance array to cenbter of vertical screen
reflector.

69 = bearing of center of vertical sereen reflector from clearsnce array
with regpect to centerline of runway.

b = a cosf;.

distance in feet from receiver to center of vertical screen reflector.

=
I

gb = bearing center of vertical screen reflector from recelver with
respect to centerline of runway.

x dcosﬁ.

By differentiating equation (1), an expression for the rate of change in
with respect t¢0 distance x becomes

af -1 - = (2)
dx

_\/Ei; E; tan2t9

A change in equal to one wavelength causes one cycle of scellcping on the
localizer course. Also, when 18 expressed in wavelengths, the term d
dx
becomes wavelengths divided by feet. In view of these relationships, values
for the gquantity d¢ were obtained from test recordings by dividing purticos
dx
of scalloping cycles by the distance in whach they occurred. Figure 25 shows
a plot of equation (2). The meagsured values, indicated by the circled points,
are for one set of conditions used in the siting tests. These are in close
agreement with the theoreticsl curve. The curves in Fig. 26 show other meas-
ured values of d¥ wath the reflector at variocus off-course positions.
dx

The field lnmtensity of the reflected wave may be used to predict
the relative amplitude of siting error which will be produced by a vertical
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sheet r-ilector. lwc factors that determine *he field intensity of the
reflected wave ar- the projected reflector arsa normal to the arriving
gignsl and the reletive field strength of the localizer sidebands. From
the daagram in Fir. 27, it will he noted that the projected reflector area
normal to the arrivaing wave csn be represented by sin . The relstive
field strength of the localizer sideband accounts for all departures of the
course deviation indicator from center. Relative siting error S caused by
a vertical sheet reflector representative of the conditions of one series
of tests performed then is expressed by

S = kP(8) ein (3)
where
k = a constant depending wpon such factors as the reflection efflciency

of the screen reflector,

£(6)

the relative field gtrength of the localizer sideband at the "off-
course” angle ol

X = B trom the geometry as shown in the disgram of Fig. 27.

The curves in Fig. 27 1llustrate the thecretical siting error
of the conventional and directicnal localizers which will be produced by
a horizontal wire or vertical sheet reflector positioned parallel to the
locelizer course., The circled pcints represent measured velues of siting
error for a conventlional localizer and the trienguler points represent
nmeasured values of siting error for the directional localizer.

"Bend reduction factor” is defined here as the ratio of the
absolute value of darectional loealizer siting error to the absolute wvalue
of conventional localizer siting error, where the siting error in each case
1s produced by the reflector.1® The theoretical bend reduction factor is
shown in Fig. 28, The circled points represent measured values obtained
during these tests.

Another series of tests was conducted with the verticsal screen
oriented perpendicular to the localizer course. Individual recordings
were made for several values of & y Where é;represents the angle formed
by an extended runway centerline and a line from the center of the antenmna
array through a point at the end of the screen nearest the course. See
Fig. 29. TFigure 29 shows the measured rate of change of ¢'with regpect to
distance x for several positions of the vertical screen. The acalloping
frequency for the directicnal localizer when 8 vas equal %o 5.6° was very
low, causing @V 10 remsin elmost constent. Figure 30 shows the measured
siting errors with the screen positioned perpendicular to the locelizer
course.

OChester B. Wetts, Jr., op. cit.
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™ _Jres 3l and 32 are flight rerordings of CDI current mede when
tre vertical scveen reflectur was positicned in front of the antenna system.
The reflectho: #ns placed parallel tc the course with the midpoint epproxi-
mately 22° i+ :ouarase. Figures 31A and 32A are recordings for the clear-
ance localizer sperafing cnly, and Figs. 31B and 32B are recordings for the
directional losalizer.

It w11l be noted that CDI excursions of approximstely 2.66 dots
(BO}L a) exist on the low spproach recording shown in Fig. 31A, but are not
present in Fig. 31B when the directional localizer is in coperation. Figure 32A
is & recording of the CDI oseillations caused by the reflector while flying
across the course at a distance of 15 miles with the clearance locallzer in
operation. In Fig. 32B, the CDI oscillaticons are sbsent and the recording
shows a smooth crossover as a result of the cperstion of the directional
localizer.

Figures 233 and 34 are CDI current recordings mede when the vertical
screen reflector was in back of the antenna system as shown in Fig. 35.
Figure 33A represents a low apprcach with only the clearance localizer in
operation, and Fig. 33B is a recording of & low approach with the directional
localizer in operation. Figure 34A 1s a recording showing CDI cscillations
while flying across the course 15 miles from the station with the clearence
localizer in operation, and Fig. 34B 15 a similar test with the directional
localizer in operation. These recordings illustrate conclusively the effec-
tiveness of the directional localizer in producing a strelght course.

OFERATTONAL TESTS

The darectional localizer using the 117-foot wavegulde was tested
over a periced of 5 weeks. During this time;, the transmitting equipment was
operated continuously and noe tuning adjustments or changes of any kind were
mede. When measurements of course width or course position of either the
waveguade or the clesrance arrays were made, plate voltage was removed
temporarily from the transmitting equipment supplying the erray which was
not heing tested. An anstrument truck on which a Yagi receiving antenna was
mounted was driven to a point near the far end of the runway served by the
localizer vwhere careful checks of course width and course position were made.
Readings were taken in midmorning or late afternoon after the receiving
equipment had been permitted tc warm up for 1 hour, Occasionally, readings
were taken in both the morning and the afternnon. Carrier and sideband power
supplied to each array was read with a "Feed-Thmi" wattmeter.

Figure 36 is2 bax Zraph showing the variation in course width during
the 5-week period thuat the localizer was operated continucously. The height
of each bar indicates the amount of error in course wadth from the normel
width of 5°. The total daviation of the waveguide array operating by itself
was 0.9°, whereas the total deviation of the cleasrance array operating alone
was 2.1°. Wher both arrays were supplied wvath power simultesneously, the totel
deviation in course width was 0.7°. The similarity of the graphs of course
width measured when the waveguide was operating by itself, and when both the
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waveguide and the -learance array were 1n operaticn, indicates that the
wavegiide controlled the course width of the localizer when both arrsys
were operating. During the 5-week test pericd, the output of each side-
band generator decreased nearly 20 per cent. Course deviation, as shown
in Fig. 36, was obtained by mcdifying the measured values of course width
t0o take into account the effect of changing output of the sideband gener-
ators. No other corrective factors were applied o the recorded data.

Figure 37 is a bar graph which shows the variation of course
position during the 5-week test period. Maximum course position devistion
of the waveguide was 0,144°; whereas the maximmm course position deviation
of the clearance array was 0.2°, When the two arrays were in operation,
the maximum course position deviation was 0.133°. The similarity of the
deviation measured when the waveguide was operating by itself, snd when it
wes operating in conjunction with the clearance array, ls additionsl evi-
dence thet the course of the directional localizer is controlled by the
waveguide.

CONCLUSIONS

The fellowing desirable features of a waveguide-type directional
localizer were demonstrated:

1. The feed system of the waveguide has been simplified to the extent
that only two r-f probes are required to excite the waveguide.

2. The course of the waveguide array is much more stable than the
course of the elght-loop clearance array. This is true of hoth the
course width and the course position.

3. Reflecting obJects to the rear of the waveguide which cause the
clearance array to be completely useless along course prodice no
measureble deviaticn irp the course when the guide is placed in
operation. Reflecting objects in front of the guide, and more
than 3° tc either side of the course, have only negligible effect
on the course of the directicnal localizer. The effect of a
reflecting object on the front course of the facility diminishes
repldly es its bearing from the localizer is increased.

4., Measurements of polarizaticn error made along the front course of
the facility while boih the clearance array and the wavegulde arrey
were 1n operation showed that no polarization error was present.
The measurements were made on the ground end in asp alrplane with a
portable polariscope.

5. The waveguide is easy to construct. No unususl skills are
required snd; in general, crdinary techniques widely used in fabri-
cating large air ducts are employed. It can be bullt by loecal
contractors wherever it i1s installed.
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Ir. addition to dememstrating the above features of the waveguide-
type darectional localizer, it also was determined that the psttern sharpness
of the 117-foot waveguide, operating as a clipped banomial array, is approxi-
mately the same as an array of 450-foot sperture operating aes a full binomial
array. Used in this fashion in conjunction with an exght-loop clearance sarray,
it provides a front course which is essentially free of bends. The width eof
either the front or the rear course may be adjusted independently of the -
other. Clearance 1s adequate ir a1l directions. The directional localizer
is equally effective with either mechanical or electronic modulation.
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FIG. 18 BEND REDUCTION FACTOR OF 117-FOOT WAVEGUIDE




FIG. 19 INTERIOR VIEW OF END OF WAVEGUIDE SHOWING EXCITATION PROBES
AND TWO SLOT PROBES
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FIG. 21 EFFECT ON CDI CURRENT OF CHANGING CLEARANCE ARRAY POWER
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FIG. 24 VERTICAL SCREEN REFLECTOR POSITIONED IN FRONT OF ANTENNA
SYSTEM
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