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& BICROWAVE LABDING SYSTEM AND IT8 AZSQCIATED
ABRTENKA PROBLEM
I. A BRIEZF HISTORY OF LANLIHG SYSTENS
The problem of landing sn aircraft on a narrow
runway when ceilings are low and visability poor is

indeed 8 oomplex ono., 1t iz evident that any equipment

maeting this exaoting requirement must have the highest
precieion nnd dependsbility.

Teohniques for the lending of airoraft under sdverse
weathor conditionea hove besn a sublest of dimouseion
ond development since 1928,

With the development of the rsdio range system in
19£8 the Bureau of Stsndards for the Aeronsutics Branch
of the Department of Coxmerocs deviszed a system to bring
an airoraft domn to the runway. This system utilized
one leg of tha radio range sligned with the Qdesired
runwgy for directlionsl guidence,several marker baaocns
lognted on the course for distance information and a
barometric altimeter for height data. This method suffered
from two basic faulteibaronmetiric sltimeter errors were
bad and ¢ffeote of tranemimeion lines,terrain snd
railroad tracks at the low fregquencies used caused
falee oourses and bende in the range leg.

in an attempt to oliminate the barometric sltimeter
and yeot obtaih height informetion,s system was proposed
by the Buresu of Standerdse in 1929 in which guidanoce in




the verticsl plane was obiesined by & constante-intensity
glide path (defined ms the locus of all points along the
locallzer where the fleld intensity 1s the same as that
at the desired touch-down point on the runway)., The
runway localizey operated on 278 kce, the glide peth on
00,8 mo, and the marker beacons on 3105 ke, A4 crosse
pointer meter in the sircraft provided a visuanl indica-
tion of the position of the aireraft with respect to the
localizer and glide path, The beacons used for distance
information were identifled by different modulations,
Tests at this time indicated thet the system had grost
posaibilitiea; however the localizer still had course
bends, end the long érawn out low altitude const#nt-
intenalty glide path depended on too many factors which
were likely to vary such as receiver sensitivity and
transmitter power output.

In the early part of 19833 the Alrways Division of
the Department of Commerce, reaorting to the aural range
aystem, devised & method whereby the pilot, by using the
cone of silence cireotly over the renge station, tired
turns, specified rates of descent, the radio range legs
and a baromatric sltimoter could fly en alreraft down to
8 point 500 feet over the end of the runway, This asystem
with the substitution of the‘radio (absolute) altimeter

for the not too relisble barometric altimebter is in use



at the present tive,

& year lotor the TLoreonz Company in Cermeny
devasloped a locelizmer having two logs and oporating
on U333 mey Tho trmmomlitter excited the centor antenna
of three verticel halfewave antonnes facing the runway.
The outside sntonnas were reflectors spaced & quartods
wave from the sxcited sntennse One reflector was lteyed
by "A" by mosns of o éh@?%ﬁiruuizing relay at its center
end the other keyed with an "™I%, Dy interlocking the
keying and switching at tho proper rate two ellipticel
pabtorns vere obtaine’ whidh gave a continusus slgnol
on course end a predoninant 4 or I to either side of
the course. The malin transmitter output was modulated
at 1180 oyolen per seoond. This modulnted uipnel was
rootified at tho receiver and fed to n moter which
indicstod position relutive to course, This form of
viesual imxilcation wes poor becnuse of the kicking
aoction of the noelle w:en off course.

In 1838 the Dendixz Company end United Alrlines
demonetrated & systen employing two Yozl antonnes dipe
acted In such & monuer thet thelr patterns produced
an overlapping locsliser cmurse, The encrgy in esch
sntonng was keyed at 70 ondé 90 oyole por sacond
rospectively.

By 1839 the Internctional 7Telephone Loveloment



Company (I.T.D.) Installed at Inaianapolia a lanéing
| gysten complete with loealizer, gliﬁe path an& twb
markers. The localizer operated at 109.9 mo, and -
utilized the newly developed gaadle-type ﬁeéhanical
modulators, The padélas wers used to detune coupled
line maaulating sectiensa Cross modulation'was elinmin-
ated by anti-cross modulstion bridges. The glide path,
now cperatiag at 93.9 me. ana being of the canstant
intensity type, etill was the weakest point in the
ayatsa. |

At thlsﬂtime the ﬁaséachnsetts institute of
Technology was wsrking-On-a lending system in the 700
me. renge. The ﬁse of horng with a 20 degree flare and
26 ft. by 10 rt; by 2.5 ft. at the mouth was an unususl
inovation. 'The glide path was determined by the equi-
signal region between the two sharp overlapping patterns
produced by two horns at a slight angle to each other.
Flioht teats indicated a 50 mile range. 'cathodeéray
tube indication was uged, analizer, glide path and
attitude information were combined and presented on a
cathode-ray tube., Diffleulty was encountered in ob-
taining & glide path at s low enough angzle to the gnbund
without serious ground reflections. Lack of suitabdble
high frequencj tools imposed further limitatione at this

tine.



In 1942 82 complete instrument landing system eme
ploying squi~signal technigues in both the 1acélizer
and glide path was evolved from the I,T¢D, system.

This system has éaen ofiflcielly adopted by the Civil
Aeronsutics Administration for clvil aviation end by
the Army Adr Forces for military aéiaticn.-

In this system lateral and vertlcal deviations
from the desired £1isht peth were indicated to the
piiot on a céoas-pointer meter end renge informatlion was
obtained by three marker beecon transmitters. Locslizer,
glide path and marker beacon tranammitters were required
in the eircraft, 7The localizer tranemittér was located
on the up-wind end of thé rnnﬁay, tﬁa glide pﬁth trange
mitter about 500 feet to elther side of tﬁe runwéy
and about 800 feet up-wind from the desired touch down
point and the markers were located on course at the
alirport boundary, 4500 feet and 4,6 miles reépecﬁlvalye

The locallzer transmitted a modulsted carrier from
the aideband entennas The 81deéands from the modulated
carrier<combiﬁed with the pure sideband signals in the
aircraft receiver and the facoived modulation pattern
was due to the algebralc sum of both patferua. Two
overlepping patterns wers produced, one mcdulated at

90 cycles per second end the other modulated at 150



cyoles per second, The equie-signel locus of points of
these two patterns defined the localizer courss,

The glide path which was &lso an equi-signel
path was formed by twe antennas one sbove the cother,
The upper sntenna pattern wes modulated at 90 cycles
per second and the lower st 150 oycles per second,
The desizn of these miemmas was such that the
intersection of the lower lobe of the upper asntenna
snd the underside of the lower antenna pattern defined
the glide path. This path, which was easentislly
linear, was adjustable from 2 degrees to b degrees
with the ground, ,

The loocalizer operated on 110 mc, and the glide
path on 330 mo, These carriers were obtained by
conventional multipllers using crystals in the basic
oscillator,

. The receivers for the localizer and glide path
were of the superheterodyne orystal controlled type.
The metering circullt conasisted of two bandepass [ilters
(one for 90 cyclés per second and the other for 150
c¢yoles per second) and copper oxide rectifiers with a
150-0=150 mioroampere meter connected across the
output to indicate the difference between the 80

eyocles per second and 150 cyoclea per second voltages



fed to the filters, The glide path receiver also
incorporated an artificlel courssesoftening feature
which will be e@xplaine: later in connection with a
nicrovave landing systems Two small halfewave
dipoles served @8 antennas,

The markey beacons transmitted a vertical pattern
from a half-wnve dipole a quarter-wave above the
ground, Tha frequency was 75Vma. and each marker
was given a distinct identifying modulatione

This system, although adopted sas the present-day
landing system, has numerous faulits, At the fre-
quencies Involved the sntemna patterns are formed
in part by ground rofileotions. Any antenna system
which uses a reflector with a variable dielectrio
coefflclient 1a bound to have inconsistant patterns,
Since the ground 1s effected by snow, rain and the
moisture content of the atmosphere its dlelectric
coefficient willl change effectling the patterns. The
characteristics of the gllde path will also be a
funoction of the number and type of refleoting objects
in the vicinity and the contour and slope of the
terrain. Thus the system requires special consliderw
atlion and compensationa for each airport seteup, This
1ikewise makes portable use of one equipment on any
one of a number of runways on the same sirport ime

practable, It should be mentlioned that the atability



and accuracy of the 1localizer course are quits satise
factory and suffice for present dey lendins techniques,

It 1s interestinz to note st this point that gll
of the preceding equipmentas haed one thing in common,.
The pllot reocsived sufficlent information directly
on someé fomm of indicoting equipment 4n the plane
to permit him %o fly & predetermined approach path
to the ruanway, In the later systems the aircraft was
roquired to carry 3 receoiveras,

In the spring of 1943 tho Redlation Laborstory
of the Nassachusetis Institute of Technology developed
a system of landing sircraft which was not restricted
to airaéart equipped with special locslizer, glide
path and marker receivers.

This method of landing eiveraft differed from:
all of the preceding metnods, Here sufflcient infopre
mation reogarding the position of an alrcraft with
respect 10 a predetermined flight path 18 received by
equipment on the ground and the pilot informed by
ground personnel as to the course he should fly to
bring him down this preceterminoed path.

The system which falls into this latter category
1s Redio Set AN/MPN-lA Ground Comtrolled Approach
Raday {(GCA), 1In this equipment aecurate snd continuous
information regarding the loostion of an aircraft with



respect to a predetermined flight path 15 presented
to radar operators as latera) and vertical deviation
from the selected approach path end is comrmunicated
to the pllot in the form.of Iinstructions as to the
courge he muat fly to make the proper agprcach'to
the runway, '

This equipment consists baslcally of two complete
radar systems, The first is the ."search systen"” cone
sisting of & radar transmitter operating in. the
5 Band of frequencies with & range of 30 miles and
provi&ing a 360 degree scan with PPI presentation,
The information recoived by this system 1a wed to
locate and identify all alrceraft within the search
area and funnel ﬁhem into e specific area off the
down=wind end of the rurnway covered by another radar
system, This second aysteﬁ or so=called "precision
syataﬁ? uses a radar trensmitter operating in the
X Band of frequencies, This system covers an ares
in space which is 20 degrees wide in ai&mutn, 7
degrees high in elevetion and hes e maximm renge of
10 miles, It is this equipment which provides the
ground control opoerators with the precise information
required to gulde the pilot of en alrcraft over a
proper ayproadh to & runway. The major components of

these two systems are duplicated in ﬁhé form of



Chennels A snd B.

Perhaps the most unique feature of the equipment
1s tho method of scanning used in.thekprecision systems
The antenna system consists of two antennas providing
extremely narrow besms, one scanning through 7 degrees
in elevabtion and the other 80 degrees in agimuth, These
two entennas ere ener;ized alternately by an ReF,
switching unlt, The elovation entenna conslets of
o collinear array of 165 dipoles fed by probes extond-
ing into a 14 foot section of wave gulde whose
latersl dimension is varisble and located at the
focal line of a semiecylindrical reflector of paraw
bollc cross~section, I'ne to the phase relatlonship
existing botwesn the rediation from individuel dipoles
at various points in the field of the sntenna, the
orray is highly directive and energy ias radiated in
8 vory narrow beam, If the width of tho gulde is ine
areaged the wavelength of the energy in the suide is
deereased and the phase difference hetweon each
successive dipole is Increased resulting in e shift
of the antenna boam toverd the lond end of the wavew
guide, The amount of this wavegulde variation is
sufiiciont to cause the antenna beam to acan through

an angle of 7 degroese The azimuth antenna consists



of & collinear array of 114 dipoles utilizing the
game theory snd scanning through 20 degrees in
azimuth,

- The GCA system of landing airoraft is unigue
in one detsil - it can be relied upen to furnish
accurate letedown information to all aircraft
equipped with s conventional recelver, Since the
corrective flisht information 45 given to the pilot
aurally, he is not regquired to observs one other
instrument durding that part of the flight which re-
quires the most sklll, However any system with a voice
1ink has inherent delays = the delay on the ground
while the radar operator Interprets what he sees, the
delay while the pilot interprets what he hears snd
the dalay while ths pilot reacts to what he intere
prets, DIuring the final atage of the landing, these
cumulative delays coan produce errora of consideravle
magnitude., These errors In conjunotion with the
gystem errors limif the minirmm aeltitude to which the
aircraft can be talkoed down safely.

Simultaneously with the foregoing work and with
the development of the klystron the Sperry Gyroscope
Compeny waa working on a microwave landing system in
the 2600 meo, range. It was reasoneé that higher
directivity and a vertically tilted type of antenna

11



system would eliminaete the problems inherent in the
low frequency gllide peathelocalizer systems,

The Sperry Hicrowave Insﬁrument’Landing System ¥4
Comprises three main components - two mobile ground
trensmitters and a roceiver which 1s installed in
the eircraft. The two growmd transmittere project
patterns in space which define the approach path,

The glide path transmitter produces essontielly

e plane tilted at approximately 2.5 degﬁees to the
horizontal while the locallizer produces & verticel
plane 4intersecting the center line of the runway and
extending in the downswind direction. The transmitters
arsg ieeétad as shown on page 13 The localizar trange
mitter is placed 200 to 500 feet up-wind of the mmwey
and the glide path transmitter 1s placed about 500

feet from the downewind end and 400 to 500 feet to
elther aide of the runway. '

The receiving equipment in the eliroraft takes
tho projocted information and conveys 1t to the pilot
in the form of visual meter 1ndicétiona.

Glide Path

The glide path transmitter, shown on page 14,

1/ Use of Miorowaves for Instrument Landing. Sperry
Report by Donald F. Folland, Feb, 13, 1946,
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conslats of a oryatal controlled tranemitter operating

at 2617 mc, which feods a combined mechanical modulator

and switch, The output of the modulator is fed into
an entenna composed of a oylindricel section of &
parabeola, The parabole 1z fed in ﬂuch‘a manneyr that
two beams of the desired shape one slightly above
the other are transmitted into space (page 16). The

intersection of thaée two beama provides the flat stralght

line glide path the angle of which will govern the
rate of descent of the airoraft. The radio froe
quency enargy in the lower beam 1s modulated at €00
cyocles per second snd that in the upper beam is
modulated at €00 c¢ycles per second. The scbual glide
path is produced by the equiesignal intersection of
these two beems,

Since the glide path 1a essentlially & straight
line, the point of landing will be a function of the
hoight of the airoraft antenna above the ground, the
angle of the glide path and the distance the trange
mitter is from the down-wind end of the runway, Later
it will be shown that thils 1s also true at any fixed
distance from the runway when the glide path is
not & plane but has s flare that varles in & knowm
manner as distance from the tranamitter 1s increased,

The usable range of the glide path will be limited

15
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mainly by the maximum altitude at which interception
takes place, Thia in turn will be dependent upon the
glide path engle. For an engle of 2,5 degrees @
range of 50 miles at 12,000 feet is quite feasable,

Localizer

The localizer transmitter, page 18, is very
similer £o the glide path trancmitter with the exe
coption of the antennas and modulator unit, Since the
differonce tetween the two ﬁransm&bterak is only in froe
quency and in the radiated patterns, many of the compo-
nents can be interchenged, The locallzer frequency
of 2640 mo. and the glide path frequency of 2617 ﬁw_.
permit use of wavegulde feeds from transmitter to
modulator to antennas, The same thseory used to form
the gllide path pettern is utilized in the Jocalizoer.
Two distinet beems from & segmented off-sét fed parabola
are combined to provide a vertical équiﬁaignal plane
aligned wilth the center line of the runwaj‘. The beams
in this system are uni-directional due to the type of
antennas used, This property reduces the possibility
of mbiguity inherent in sny bi-directional ayste;_n'
As shown on page 19, the radio frequency energy in
the left hsnd besm is modulated at 600 cycles per sacond
and that in the right hand beam 1s modulated at 800
cyoles per second, Lowever, due to the prominence

of the side lobes from the main beams 1t is necessary
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in the locallzer to add suxillary antennss to submerge
them; The redio frequency patterns of these euxiliary
antonnas are also modulatod at 699 and 900 cyc:las per
second as shown on page éi

The localizer antenns stwucture consists of & six
foot parabolold separated into two sections by a vertical
aeparatar,‘eaah kawbion belng fed by a separate waveguide,
Two six foot aylmdrs.ﬁal parabalaa are located one on
each slde of the main parabolodd end polnt at 45
degrees to the center line of the runway.

Since propagation at 2600 me, i1s practically
11!15@, the equimment e¢an be set up by optical moans
alone, By use of a theodolite the locallizer can be
alizsned with the conter line of the runway and by nmeana
of a oalibrated tiltins syatem with liguid levels the
glide path trailer can bo set at any deslired glide path
engle from 2.5 to 4 degrees,

Adreraft Recelver

The eircraft equipment consists of & microwave
antenna, & receiver, power supply, Junction box, control
box and & cross-pointer moter totaling 68,5 pounds,

The receiver antenna {page 82) is normally mounted on
top of the aireraft, This sntenna consiats of an array
of threa tripleedipoles spaced halfewave length apart
on & rigid coaxial line, The azimuth field pattern
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of the antenna is approximately c¢irculars The elevation
pattern is fen sheped and ranges frqm 22.% degroes

below the horizontal plene to approzimgtely 2245

degreés above {(es meaam:'éd_ at the half power pointsa).
The entemnna has a gain of 3.5 to 5 dicibels over en
isotropic radiator {a point source radisting a unifomm
pattern in all directions), Normal £light attitude
chmges do not effect the reception of signals, However,
& sharp turn which interposes the wing structure between
entenna and transmitter will blank out signals.

The aivoraft receiver (page 24) is a superheterodyne
type end 1s designed s & single wnit with two I.Fe
chamnels to receive both localizer and glide path |
‘eimultenecuslys, The signals from the two ground
stations ere detected in a single resonsnt chamber
mixer and amplified in separate I.F. clrcults, ?roﬂ
visian is mede In the receiver for reception of any one
of three poasible frequencles which the ground transe \
‘mitting station may have selected, The chemnel
gelector switch is localed in the control box and
operates releys in the receiver wnit to switch m the
proper crystal for driving the looal nacs.nator at the
correct froquencye "

The crosse-pointer meter, page 28, glves the pﬂ.ﬂt a

Y\‘ »









visual presentation of the aivplanes position in space
with respect to the landing path, The vertical needle
418 actuated by the signels from the localizer and the
horizontel nea&l.e is actuated by the glide path signals,
The intersection of the necdles represents the position
of the landing path with respect to the alrcraft (roproe
sented by the small plane fixed in the center of the
meter)s The pllet always flys the small plane, so to
speslt, toward the intersection of the needles, 4n alam
- system is incorporated in the receiver, If propop
signals are being recelived from the localizer and
gllde path transmitter two neon lsmps flesh on the
oroas=pointer meters If signals should fail or be-
oome erratic the neon lamps go outy

- 8ince marker beaccns only provide discontinuous
range fixes 1t 18 contemplated that continoous range
information obtained from proposed distance measuring
equipment (DME) will complement the vertical and lateral
information of thé glide path end localizer giving the
pilot an instantaneous three dimensionsl fix,

26
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IT, OPRECIFIC DETAILL OF THE SPERRY MICROWAVE SYETEM

Considering the microwave aystem in detall the
followlng ordeyr will be followed: tranamiﬁter, modulator,
antennas and recelving cqulpment, Since the glide path
and locallizer transnitier are very similar only onc shall
be considered,

Tronamititer
The f£requency wuliipller deck of the transmltter,

page 28, generates the basic R.F., signals, multiplies
them 1a froquency, amplifles them and pasnes then on to
the microwave docks The bagic osclllabor uses a 4,87 no,
gquartz crystal which is matched to the oscillator circult.
This wvhole sssenbly is cnclosed in a thermostatically
controlled oven, By these meens a8 stabllity of pluas or
minus 15 cycles per socond or plus or minus .0003% 4s
aghieved, The oven contains throe crystsls which permit
operation on any ons of three different chcnnels. The
ocutput of the osclllatgr feacs tho so=pgalled 30 mee wnit,
Thin dhassia containa throe tubes, The first is a 15814
which scts as a buffer oporating Class A, The second,

a T2, operating Clsas C, doubles the frequency from

§ to 10 mc.;/anﬂ the third, also a T2l operating Class

C,; triples the frequency fran 10 to 30 mce The output
of this unit‘feeds another chasals called the 370 mo,
multipllier, The first tube on this chassis is an 820
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dual pentode bilased for Clsass C operation whioh
multiplies the frequency from 30 to 80 ma, This signsl
then drives a palr of 826 tubes which triples the froe
quency to 270 mc. operating Class €, The output of the
8268 1o then fed through & coarial line to the so-called
nicrowave deck, Here the 870 mcs power from the freoe
quency multiplier deck is fed to a type XE 8531 klystron
miltipller through a flexible coaxisl line., This

klystron has two resonent camvities, a buncher end a

oabcher,’ The input cavity is tuned to 264 mecs (channel A)

and the output cavity tuned to 2640 mos giving a8
multiplication factor of 10. The 2640 mc, output of
the klystron multiplisr drives a type XZF 8534 cascade
anplifier klystron. This klystron 1s a three cavity
tube having an oxide heater type cathode and operating
with 650 to 800 volts on its beems The output of the
tubeo, about one watt, drives a type XZF 8529 bombarded
cathode cascade emplifier klystron providing 100 watis
OW power outpute The boem voltage of the latter tube is
3750 volts, '

As a measure of safety the shells of the thvee klye

strons are at ground potentiels, Thus the cathodes are at
some negative value below ground, In the XAF 8529 (output

kiyatron) the cathode 1s approximately 5000 volts below
ground,

£9




1% should be noted hore thet the total freguency
rmultiplication of the system is 540 timeey The reason
for the close tolarﬁﬁca on the querts eryatax in the
baslic oscillator becomes obvious. & ono cycle drift of

crystal results in s 840 cycle drift at the microwave
| froguentys o

The cutput of tho finel klystron %8 coupled into &
waveguide aﬁartiag geetlion which 1s in turn cornsctoed to
the gulde feeding the modulator end ‘antonnale 4 Wmm
couple ymbie' in the storting sectiom acts as & relative
poweregput monitor end £s & tuney for the final klystron,

' The klystrons used in this tranemitter ere of the
narrow S@n& fixed grid type. Tuning is done by meens of
the psddles which project into _the resonent chanmbers,
pege ¥1, mé provide & tunling renge of plus or minus
15 mee ¥hen the paddle is t{zmees se that 4t is parsllel
to thé plene surface of the ploture eddy currents in the
vane neutrollize o mexinmum number of magnetic lincs and
the rosonetor 13 tunod to ita highest frequoncys Cone
versely when the wvene is tmméé perpendicular to the
ploture a minfmm number of lines are neutrzlized and
the resonator 1s tuned to 1ta lowest frequency.

Since the résonsnt cilroults used In these klystrons
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are of comparable size to the wavelengths used the
Xlystrons are temporature sensitive, Some meens of
maintaining the tube st s constant operating tomperature
must be resorted tos 4 complets thormostatically
controlled oooling system using ethylene glycol solution
a8 a coolant is employed, )
Hodulator

The output of the transmitter goes to tho modulator.
In order to match the modulator to tho cubtput klyatron -
a phase shifter is inserted between the klysiron and
modulatef, Ad justment of this phase shifter wlll contrel
the shape of the transmitted wave., The modulestor 48 a
mechaniecal unit which varies the amplitude of the transe
mitted R,F, signel at an audlo rate., Thils modulator,
page 33, conasists of two metal dlsks (for the glide path)
mounted on & common shaft which 1s rotated at & constant
speed by a synchronous motor, The teeth In the dlsks
permit an altornate opening and cloéing of the waveguide,
then & tooth 1s bloocking the wavegulde aebout 107 of the
energy is passed resulting in ebout 907 modulation of
earrier, By sultable shaping of teeth and ellowing for
fringing, approxinate singewave modulation is obtalned,
The nﬁmber of toeth and the RPM of the synchronous motor
deternine the audilo modulation rate. Frequencles of 600

————— g
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and 900 cycles per second are used in this system.
With this typs of modulation the problem of switching
from one antenna to another bacomes simpliflied,  Re-
ferring again to Page 33, a portion 5r the disk has
no teeth cut in it. vhen this seotion of thé dlsk
1z in front of the wave guide slot, no energy is
passed down the gulds to the antenna, A%t this time
the other disk is pessing modulated energy. Thus,
the problem of modulating and switching is combined
into one (Page 35). Hence at anyons instant one

modulated RP beam 1s beoing tranémittaﬁ -~ peducing

the possibility of interference betwen two beams

belng transmitted simultaneously. The locatiom of the
médulatur is such that the micrbwava energy from the
ocutput klystron cen vary over a considerable range
without effecting the position of the landlag path,
since all beams will be effected slike.

Antennas.

The glide path antenna, Fage 14 consists of a 12
foot by 3 inch parabole fed by two waveguldes one
above and the other below the focal point. The re-
sult is two sharply defined overlapping beams 2.2
degrees wide at the half-power points, This equi-
siznal intersection defines the glide path. The gain
“of this antenna is 324 or 25.1 decibels ebove an iso-

troploc radietor.
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Phage shifters are inserted between modulator
and antaﬁna. By prdperly adjusting these phase shift-
ers feed back from one wave guide té the other is pre-
vented. If feedback is‘present it will permit 600 ¢y~
cles per second modulated energy to be radlated from
the 900 cycle per second wave gﬁi&e and vice verss.

Thé localizer antennas (Pages 18 gnd 19) as pre-
viausly exglsineﬁ, radlate four patterns in space,.
Thé;twezmain beams ere 8 degress wide at the half pow-
ar peints and have‘aggain of 880 or 29.5 decibels o#ar
an 1satropi¢ radiator. The cross-over point of the
two main beams is set at |[/0.6 Zmax to obtain correct
eourse sensitivity.

The éuxiliary antennas ars set at 45 degrees t0
each side of the main antenna end radiate broad pat-
. terns 60 degrees wide measured at the 0.35 Epax/1.414
point where Tgmax 1s refsrred to‘tha nain beam. The de-
sign of these sntennas is such that a gain of 158 or
22 decibels over an lsotropie iadiator is obtained.

The use of phase shifters in the localizer anten-
ns is not aecessary'sinee ne two waveguldes feed a

single entenna and therefore no feedback is possible.
Receiver,

The receixing equipment in the aireraft detacts

the localiger andvglide path eglignals end presents thenm
to the pilot in the form of meter indiestions.




Referring to the block dimsgrams, Page 38, the
recocived pignele are coupled into the mixer chamber
by & coaxial line which terminates in two probea. The
1¢cél oscilletor frequency is coupled into the eavity
by meane of a loop. The received slgnels ere combined
 with the local oscillator signals snd the resultant
beet frequencies detected. Thus if the loeslizer end
glide path frequencles are 2640 mc and 2617 me respect-
fully, and the local oscillaior fregqueney is 28335 me
the resultant beat frequencies of 7 me snd 16 mo will
repregent thé localizer and glide path signuls at the
input to the Ir amplifiera, |

The loecel oscillatar; Page 39, has fiva stages.
~Any one of three temperature~-regulated qusartz erystals
can be selected depending upon the trensmitter chan~—
nel.~'?heaa'cr§stals in conjunction with trimmer con-
densers glve a frequency sccuracy of plus or minus 80
cysles. By cnerglizing the correct relay the desired
orystal is choson. The Tlrst stage uses a 676 as an:oa~
cillatariaoubler*1a-uhichvthe tank is permeabillty |
tuned to the second hgrmonio {9.75 me} of the crystal.
The second stege consisto of a 6v6 tripler with the
tank tuned inductively to the third hermonic of the in-
put (29.26 mé). The third stage similarly triples to
87.77 mo and its cutput is transformer-coupled to the
third tripler. This staze consists of an 8324 besnm
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pawer{eﬁplifier dperatiﬁg in push pull, whose plate eir-
cuits are teruinated in a short-circuited two wire line
tuned to 263.3 mc by 8 condenser across the line. 4
short loop cauplgs the energy from the plate tenk of the
832& to the 1npu€ resonator of a ZK36 klystron multi-
plier. The output resoastor of this klystron 1is tuned

to the tenth harmonic of the input cavitygfsass me) .

This output is the local oscillator frequency used ss a
reference in the nixer cavity.

The 7 me and 18 me IF éignals are passed to two sim-
ilar IF chennels. These channels have three stages of
empliricetion (63G78) the output of ﬁhlch is fed to audilo
end AVC detectors. The AVG detector (one-half of a
' 85L7) produces a voltage for blasing the IF and first
| audio tubes, The asudio components of the IF signels
are detested by the audio Jetector (one-half of a 6SL7)
and passed to the gudlo amplifier a 9003 tube followed
by & 6V6 tube. The plate circult of the last audio
stage has two band pasg filters in series with the
plate‘supply. One filter is tuned to pess at 600 oycles
and the other tuned at 900 cyecles, The total variation
of attenuation through the pass basnd (between 95¢% and
-105§ of center-frequency) does not exceed one decibel
and the Iinsertion loss does not exceed 6 decibels.

After aepération of the 800 and 800 eycle slignals they

are paaéedlto two similar copper oxide rectifiers con-




neoted in opposition. 'The voltages developed meross
these rectifiers provide the signals to the cross-
pointér‘matérs. | -

iIn order to provide a mﬁaﬁa of knowing wheh the
eqﬁipﬁent i= operating properly, each channel excites
a neon lamp indlcator on the oross-pointer meter. Rec-
tified 600 and 800 sycle aignals are fed to an ampli-
fler tube which drives s cathode follower normslly
self-vissed to approxl:zately 45 volts betwen its
cathode and giaund. An eudio voltage large anough'to
cause the cross-pointer meter to read c&gsés the cath-
ode follower to conduct and ineresse its cathode volte
~age 10 & suffleient value to light 2 neon lamp con~
nected from cathoda to ground. '
| The recelver bandwidth is 250 ke, that is, +: 0+
125 ke, This determines the limit of the frequency
variation slloweble in the system. |

This variation can be broken up as follows,

Transaitter:
crystal plus or minus .0003 € = 4 15 ke
safety factor R = 4 25 ko

Receiver: :
Crystal and local oscillator circuits
eccurate to = ,DD1% -, =30 ke |
using safety factor or»l.ﬁﬁ = 50 ke
This ieavas 50 ko for IF emplifier variation.




I1I. ANTEREA FROBLEM.

Az Indlcated by the following specifications one
of the most difficult problems of any instrument lapd~
ing a?ste&a is the design of aulteble antennmss which
wlll produce the reguisite gatﬁarés in spage.

The specifications which the present system must
reet are ss follows: ‘ ’

Localizer

;.1. Any present locelizor course shall be defined

| es & etraight lins with & ninlnun scouracy 62
. % 15 Pfeet or 2 3 mile whichever ies the lerger.

2. The localizer shall be usable st ell engles

- up to O degrecs sbove the horiven,

&, Thers shall bekm falae courses within g 85

| degreea of the true ebarm {within 1limits of
paragraph Z2}. |

4. The plane of the locslizer on-gourss indicee

tion shall be perpendlicular to the ground
(within engular 1imits of peragreph 2)

5. The average localizer seneltivity shsll be
5.5 xaiq#aampems per wil = 1 zieroampare
per mil. {4 éeparture from course of £ 1.5
degreee in the horizontal plane will éra:iﬂee
full ecale fly-left or fly-rizht seter indi-
catianli The aezwi.tivity ghall be essen-

st St e o
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tially linear from full scale flyeleft to full scale fly~-
right Indieations.

6.

Te

At all points oubhside of full acale to full

‘'scale course-width up to 4+ 85 degrees full

scale fly-ieft or full scale fly-right ine
dications shall be obtalned, “

The line of sight range of the locelizer shall
be 100 miles at azimuth sngles up toig;a degro~

g8 to the courae,

¢iide Path

1le Any present glide path shall be defined as a

2,

3.

4.

straight line with a minimum of accuracy of
0.1 degree (1.768 mils).

There shall be no false course below the

glide path,

Positive fly down indlcation shall be given
by the system between the glide path plane

and & plane 5 degrees above the zllde path.
The averasge zlide path sensitivity shall be
lé.a\miorcamparaa ?er mil 4+ 2 microamperes

per mil (& departure from course of ,45° shall

~ produce full scale fly-up or fly-down meoter

reading) . The sensitivity shall be essen-
tially linear from full scale fly-up to full
scale fly~down.




5, The range of the glide path when f‘lying on
course shall be a minimxm; of 50 miles.

wo _antenna probiems shall be consldereds

1. 4n analysis of the glide path patterns to
determine 1if flyuabiiity of course can bs
improved and to determine if glide path
lends 1tselr to i‘uny automatic lmﬁinga

2. &nglyais ai‘ the localizer antemna pattems to

ascertain why pgragrapbs 3 end 6 in the

specifications are not’ fulfilled,

\ Inv order to anal-’r-za the antenna patterns for the
- purpose of det;aming tha snswers to the preceding pro-
blems, field measurements were a requisite. 7This cale
led for both atatic and dynamic messurements of the
localizer and glide peth. Static paftema were taken
by measuring the R.F, field pattern using unmodulated
W transmitted from one beem at a time, The dynamic
patterns were taken with the madulétor running and gwo
or more antennss transmitting.

& grid 500 feet ahead and 500 fest to each side of
the glide path traller was measured off and field stre~
-néth measurements taken at 50 foot intervals.  The mea~
gurement equipment consisted of & standard aircraft rece
eiver installed in a mobile unit,(page 45), which toved a
35 foot tower on which was mounted the receiver an=-

tenna. This sntenna could be moved up and down by mesans
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of a motor arive, Page 47. 4An Esterline Angus roe-
cording uﬁih, Poge 48, was used to record both
statlc and dynsmic patterns, 7The recorder was ine
serted in the plate circult of the last IF Stage in
the recelver in such a manner as to present i:he same
- working lozd to the tube. The recorder measured IF
plate current, &s the rsceiver approaches the transe
mitter the sigﬁ&l strength increases - increasing AVC
action and thereby reducing plate current. By auitgbly
callibrating the re\cer:lvm? it i1a possible to measure row
lative field strength by intelligently interpreting
the IF plate current readings. |

Poge 49 showa the results of an early glide path
rung. Here it is at once apparent that an Inconsistency
ra:siats, Since the pllots cross-pointer mater reading 1s
& function of the decibel difference between the 600 and
900 cyecle patterns the croasepointer curve and the deci-
bel difference curve should track rather closely and very
‘definately cross the axis at the same point {within
sccunmlated measurement error). Successive runs ine
dicated that this error was alwyass present. By re-
moving the receiver antenna it was found that Iindie
cations were obtalned on the cross-pointer meter es '
the receiver was moved about in the entenna field in-
&1cat§.ng direct leakage into the rscelver. Thils would
seem qff hand as a design limitation of the receiver.
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However tho two operating conditions are quite different.
In an éiramift; the receiver 1s in approximately the same
field Intensity es the antenns and the receiver shield
plusg ﬁhe shiaming effect of the fuselsge of the aircréft
glve at least a 70 decibel difference betnéan. tméam
slgnal and leakage signal directly into the recelver
mixer, In the field teat set however, the test cand;tims
were such that 1t was feasibdle for i:tm anterma to be in
a fleld 50 to 80 descibels below that in which the recelver
vas located., Thus the leskage signal cen approach in |
megnitude the signel at the polint belng weasured. |

The problem of shielding st 2600 ¥C wes quite
interesting. A copper box completely snclosing the
recelver and its power supply was not .:;uffiaierxt. The
wire mesh used fe permit air cooling of the local 0301»1-
lator klystron offerec a low attem:,audn path to the
leakngze fleld, Fecause these ventllation holes wers
necessary, short pleces of circular wavezulde were
- resorted to. Since a clreunlsr waveguide velow cute
off has an agttenuation of approximately 30 decibels
per dismater of length, a bunch of guides bolow cut-
off and long enough to give an attenuatioﬁ of approxe~
imately 120 ﬁecibela and with an open area sufficient
to permit adequate ventilation of the klystron were
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uasd;’pagarsz.. Thls effe ctively brought ths loglke
agevﬁaén to. 80 declbels below signala ‘

Page 53 shows the vesults after leakege was
minimized. The discrepancy betwsen crossepointew
meter resding and decibel-difference crossover poinis
iz due tc a number of possible remsons: outright ere
rors in slevation mileresding, error in metering cire
cuits (Esterline Argus recorder im sluggish and does
not follow rapid changes in signai - this is particule
ariy true neer the crosseover point}, eiTors in rée
ceiver audlo circulta (difference bestween the inser=
tion lozses of ciiher the band pass filters or the
copper oxide recisfiera will cause the cross~poinfer
reter to roed other than zero when the declbel dife
ference botween the 600 snd 500 cycle fields is
zerok |

The curves show that the first crosséover ocours
at 40 mils or slightly less than 2.5 degress. A&n ine
verse couras {receive fly-up &’ gnal when proper cors
rection weuld be fly-down and vice verza) appeers at
- 72 nils and a'false courae {correct signals but glide
poth sngle is not desired one) cccurs at 107 mils ele=
vation. The fact that the first inverse course is less
than § degrees above tha true glide path is due prie
marily to the ghort range {150 feot) at which the run







 EUTU YRMES SEECY CREEY CIEEA IS TS CHRAT S RA R Su W 3 sETEnEETTy v : 1
SRR R 4 290 AN S HEE T “FRREN ERRGHE RN
el o e 4 PRRUR heBe 3
L o5 asuuae n 5a SENSE o sugsuggad b, :
Hat s yw » 3
t BB R r*lg I+ : 1
IenEe oY 1
i e T + i
SON B PR SRAES S8 IRRe
e Fa it bifesta b bes
- IS SN IR PR
pos jos
ot
5. 55
1 44+
s it b FRS
i) +o 3
- 1 +i
i 3. +3
. .
1
[ . . s
A '
. w 4
T s e
. & R
11 -
» 1 4 ]
L]
— L .
| = = w REW R
»
! - ‘s = 4 -
- ] .
e
| =1 vaves ' m s
+-4 = .t 344 (-
4 =
- .
-
yue
f : f
il
880 EuEns | .
-
-
m = - 1 31
_ 3= i { =
* = 1
. ]
] o =
— - -
T
o
i &
8
: ]
’ 4
: 4
: 3
o
41
1
. mu
|
|
ga
;
B
1
? Ty Eeisl
e 1 J g8t
. 18] SRRSEREcss SansIRRE!
P 4 3 MRS e R
s 1 it 13
251 15: TR
as oel Tasans +
IEERE R SN
"e 23 <
»
=
: 1
s 1
3.4 4
1
1
4
1
4 4
HiH T L 358
2 )
- <
dofebede 43
" o e R ¥
3 1 1
FEASERUNEN IRSAENENEE ANN. 8 i | w
IMEELIRAN FENERARNAN ARG AN NN EN B0 - — o




b4

was made. At shdyt ranges the beam patterns are not
enmplatfely formed. Ground tests at increased ranges
and flight tests besr out this statement.

The course sensitivity st this particular point
from page 53 is 256 microamperes per mil, This‘ﬁa
& more sensltive course to fly than the 18,6 micro-
amperes per mil the speuifications call for, The
fly abllity of & system is & very important factor,
It is concelvable to produce a flight path which is
so precise that 1t would be impossible to fly. Thus
the course sensitivity gives a direct indlcation of
the fly-ability of the course. ,

Because it s not possible ‘to match feods on the

~ glide path without sacrificing course sensitivity the

angular course width (minimum off~course angle to pro-
duce full scale deflection of?erosa-pointar‘needle) cane
not be 1nareas§d beyond‘.g degrees, The same antemna
is used to form both glide path beams, page 14.
YVerticaI displacement of the beams is obtained by
ﬁoving the effective source of the 600 and 900 cyecle
energy, above the focua for the 600 eycle beam and
below the focus for the 900 cycle beam. The result
is two ovarlappiﬁg beams whose overlap is inversely
proportional to the dlsplacement. Considering the
sources at the éentar;or the waveguide openings 1t




bocomes obvlaus that the minimum off-set of the sources
will be limited by the physical shape of the wave=

guldes since they are placed one on top of the other,
¥hen the guides are 1n contact with each other & note

‘ hod of further increasing the overlap is to close off_l

- part of the wave gulde opening which 1is furtheat from
the focal point. This has the effect of moving the _
contar of ths aperture closer to the focal polint of tha
cylindrical parebola thus broadening the course. How-
ever this results in a high SYR In the guiﬂes'féading
the antenna.  Attempis to mateh the antenns to the wave-

: guiﬂa résults in changes 1n>e6uraa charecteristies, ¥ith
the feeds matched & course width of 645 mils was obtain~

- ed as egainat 22 mlls with unmatched feeds. & course
width of perhaps 28 mils would be considered better for

manusl £1light purposes. At the present time a SWR of
1000: 1 1is tolerated 1nk¢rder to get the widest course,
It should be noticed that therse 1s & 1imit to widening
the course by simple overlapping of the beams., As
overlapping increases, the angle between the course
end the firat Inverse course decreases, resulting in
poor engular coversge of ﬁha system,

The question then arises converning the poasible
effaects on the antenna patterns caused by currents

flowing on the outside face of the wavegulde window,




It is obvious that any currents no'ﬁng on the
face will ceuse a different effective excltation
seross the aperture of the wave guide. Since 1t is
very difficult. to tie down the exact magnitude end

direction of these currents, en empirieal approsch

‘was considered. Huns were then taken with a polyiren

s8lug on the ocutside surface of the wavegulde window,
The idea of the slug being to absorb any radlated
energy caused by these supposed currents on the guide
window. Pages 57 and 68 show the comparative re-
gults. It 1ls noted thai-. in both cases the course
sensitivity decreased; in one cage 3.3 microamperes
per mil and in the other case 5.3 microamperes per
wil. This seemingly small decrease is significant
when the foregoing problea of faveguide spacing is’
considered. The change in course cross-over point |
indicates the docided effects of the polyiron aiugs '
6:1 the main beams. This decrease in course sensle ‘
tivity indicates that the currents which flow on the
face of the window are of such a magnitude and di-
rection that they tend to increase the distance

of the effective sources from the focal point of

the parabola decreasing the overlap of the beams,

A comprehena‘ive picture of the glide path form~-

ot s @ result of all of the fleld measurements ine

dicated that the glide path was not a plene surface
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a8 supposed but turned up at the ends at the right and
left sides of the entemnse. Vertical sections ~’through
the glide path gave a straight line glide path in front
of the antenna (vary close to theorétical expectation)
and a part which bagan ta flare at the end gs distance
Ato left or right of antenna incressed.

This Immadlately offers great possibilities for
automatic landing of aircraft. The system as designed
was ﬁase:i- cnja; stralght lina'gime path. From simple
calenlatlons, an alrcraft a;ppraaching g runway at
110 miles per hour on a 2.5 degres gllde path will hit
the runway with & rate of descent of 420 feet psr mine
ute. This rate with the added factor that the pllot
may be bracketing in a dowmward direction at the line
- of contact makea tho straight line approach path Ine
practical for manuel flyto-touchdown landings or
fully automatic landings (the method of decreasing
the glide path angle to utilize the straight line-
technique for the sbove purpeses 1is limited by ob-
stacles surrounding the airport), Tho possibility
of flaering the zlide path just prior to the touche
down point so that the rate of descent 1s compatlble
with safe landinge has received consideratlon in the
past but has never adequately been solved, Page 60
shows & croas section of the glide path at a position
500 feet to the right of the transmitter. The solld
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lines indicate the gliﬁe path as called for ':m the
specifications and which is very nearly true directly
in front of the sntenna. The dotted lines indicate
the actual glide path 500 feet to the right of the
trensmitter, This flaring can be attributed to a
n;xmhef of rea'ams:} the ‘the‘cmtic:al lines assume
plane besms and mo ground reflection while actually
since thae parabéla is fed ‘off-center, conical beams
are érbduéed which in conjunction with vary definite
grouwnd reflectlion help produce the flare ; when the

| aﬁgle from the center line of the antenna approaches
48.° or more the glide path is formed by the inter-

_ section of side lobes = these side lobes are affecte
ed more by second order effects such as irregularity
in the entenna or slight off-set of feeds. The broad-
ening of the glide path in elévation is dbuek to the
fact that the antenna is less efficient at its edges
for the elevation ;jattem.

As indicated on page 60 aDC-4 (4 engined aircraft)
has an antenna height of approximately 23 feet above
ground. This permits the alreraft to touch down at
225 feot in front of the transmitter at a tirs prior
to the possible reception of s fly-down signals. %hils
is the requiréd caso.e |



However, for & DC-3 (2 engined aireraft) tho an=
tenna height is only 18 feet and the point of touchdown
is 116 feet in front of ‘the transmitter, Here it is seen
that after the mircraft hes flared off and before it |
has touched -the runway e very declded fly-down signal g
is received, This would :tend'té‘ produce high atresses t‘
on the landing gear end is not conducive to smooth lend-
ings, A continuous fly-down signal is however essential
for a certaln tire after contact with the runway 1if
sutomatic landing 1s desired. Sineé the applicatian
of ruily automatic landing would most prdba‘bly be
ai)pliéd to the larger aircerafts pefhaps this would not
be too great a problem to overcome. However, difficulty
. becomes evident when oparatiné at great distances %o the
left or right of the transmitter in order to utilize
this flsre, As the angle from the center line of the
gntenna increases to the left or right the tilt of the |
besms approaches gero. Half of the energy is radinted
into the grownd and the beams are very much distorted.

The result is two interweaving besms with sufficient |
intersections to cause rapid fluctuation of the cross= |
pointer meter, As the glida path angle increeses the
" alreraft lands closer to the radiator snd the aszimth
angle of the point of contact appf-oaches ¢0 degrees.

Hence the duration of the fly-down indication becomes
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shorter and shorter,

|  Tha evidence of flare was observed only on three
systens, The consistancy of such a flare and the pose
sibility of reproducing it in suczessive equipmants is
questianable and only after many field tests with and -
withont grcnnd roflection effects could sufficient data
be obtained to prove the feaaibility of 1ts use fbr |
'camplately automatic landings.

Localizer |
The lacalizer-field meesurements were made by mak-

ing rmms perpendiculsr to the localizer course and To-
cording 600 eycle auxiliary and main beams, 900 cycle
auxiliary and main beams and crésa4pointer meter cure
rent regéinga~ N

| An ldeal cross~pointer curve would be one that
gave full acala readinas to + 85 degrees of the 1&—
calizer ceurse, no false or inverse course within this
regien and a linear chenge through zero as the locali-
zer éauraé was crossed, Page 64 sgcws the RF patterns
of the four localizer ante#naa and the resulting cross-
p&inter metar;rgadinga. These patterns show that the
firét two main beam side lobes on each side are at
leoast 12 to 15 decibels down from the main beams.
Due to the partition in the main dilsk, Page 18
the beams are not symetrlcal, resulting in the minor

=
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lobes on one side of the main beem being longer than
on the other aide, It is unfortunate that the larger
mﬁner:lobes appoay on the side of the course opposite
to that of the main beam itself. The decibel curve
indlcates the decibel aifference between the btwo
‘main beams only.,  This indicates approxirately what
the cross~pointer meter would read if there were no
auxiliery antennss. Tho cross-over 1s fine, however,
the apecification that there be full scale reading
to + 85 degree# of the locallzer course and that there
shall be no false or inverse courses within the regicn
is flagrantly violated. The lack of full scale reading
and ﬁresénce of inverse coursesis dus in part to the
fact that minor lobes of the 900 cycle main beam ére of
a magnitude aﬁprcaching or greater than £hea600 cyclg'
main beam on the 600 cycle side, A similar condition
exists on the 900 cycls side. By adding auxiliary
antennas it is possible to submerge the effects of N
these minor lobes without at the same time altering
the course charsetarisﬁiea. The crossepointer meter
reading shows the dynamic effects of all of the anten-
nas. It 1s evident here that at 1000 mils on the 00
cycle side there is a decided soft spot (point not on
course whers full scale rmoter deXlection is not svelle-

able} sccompanied by a false course and an inverted
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~courses aré very canfusing{. The pilot sses tmécourse
readings end rapld meter fluctuatlons in reglons where
the. pointer should remaln hard-over. If such courses
were flown the results might be disastrous. Thus all
‘anomalous courses must be eliminated within the speci-
fled region to 1nsum consistantly safe lendings,

: anhtich‘acks Indiested no soft spots in this partie
cudar _regian.} An analyels of the curves indicates a
consistant dip of the 900 and 900A beams at approxi-
ma_tély 800 mils on the 900 ésrcla side, This leads to ‘
the conclusion as surmised earlier that even at 2640 mo
gnd with a tiltedéup beam zystem, ground reXlections are
significant., It should be remembered however, that the
alreraft usually touches-down sbout 400 feet in front
of the locelirzer and that this run wes made at 650 feot
giving rise to the pogsibility of incomplete beam forme
tnge ,

" If the DOOA beam were increesed in power sbout 245
decibels to:equal that of the GO0A beam (this 1s the
normal case, the drop here 1is not due to mismsteh in
the'guide but is dus to an irrsgularity in the _wavan
g‘ume slot in the modulator, later testa wit‘h | new

" modulator gave the same power out for both anxiliary
antennas) and the auxiliary heam peaks moved out slighte
1y the soft spot would be eliminated. In these runs
corrections for the fact that the run was made perpen=
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dicular to the localizer course and not on a circnlar
track'around the transmittar (constant range) wes tak~
en Into consideration. '
| ﬂagsver, s look at Page £B'Show3 that this ate

( téck will nqt'quité golve the problem. 'Thé‘chart shows :f
the patterns at a high point in the fleld. Here a soft '
spot between 220 and 500 mils on the 900 cycle aida end
& weak apot at 300 mils on tho 600 side are evident,
Any increase in the 9004 power to satisfy the 500 cyéle
side will make.tha weak spot on the 600 cycle side s ver&
definite soft spot, In any ease an improvement of one
side will be detrimental to the other side,

At this point the iden of using refloctors on the
auxiliafy antennas was proposed. This reflector was
to be set at the proper angle to reflect energy in such
a manner that the soft spet would be removed, The teche .
nique used was to attach the reflectors to the inboard
side of the suxillary antennas, Page 69, and orient |
them by noting the diseppearsnce of the soft spot on
the crossepocinter meter. The resulting tesis éhnweﬁ | |
a very decided Improvement. Remembering that a soft -
spot occurs when the cross=pointer meter current dyops
below 150 microamperes (full-scale) when not on course
we see that with the additionsl of flaps, Page 70, the
‘very large soft spot between 410 and'QOO |
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mils was almost completely eliminated. A run with the
antenna slightly higher indicated a greater microampere
reading at all points except at 1000 mils on the 900
ecycele side. At 1000 mils the reading weas more than
sdequate at 190 microemperes. Tests also showed that
these flaps reflected enargy from the minor lobes of
the main antenna in such & way as t0 decrsasgse the ef-
fects of the mlnor lobes. |

From thé locallzer patterns the full signifieence
of course sensitivity becomes evident. It 1s obviously
desirable to get high angular sensitivity at long
ranges to prevent wandering, However, 1f the sesme angu-~
lar sensitivity were meintained near the landing point
the course would be too sensitive to fly., &Eince the
moter indicates the amount of flizht error, it is de~
sirable to have the meter remain on-scale during the
final phases of the landing, By this means the pilot
has an idea ¢f where he is with respect to ths courss,

The reduction of courss sensitivity is called course
broadening. Tﬁa breadth can be inereased by ralsing
the relative cross-over lntensity of the msin beanrs
and reduced by lowering the cross-over point of the
beams,

" Consider agaln the angular sensitivity of the

course with a constant angular gensitivity the flysbll-
ity of the course apparently becomes more difficult as



e

the range from the trensmitter decronses, A fixed
llnesr deviation from on course st 8 rungs of two nlles
will produce only one helf the scsle deflection sas the
seme deviation at oze mile. Thus o8 renge decreases
the mil devistion {and thus erosspolnter reasding) will
inerense for s fixed latersl deviastion, If it were
possible to brosden the course in such a manner that
during the finsgl phazge of the aypraﬁeh the convergence
would pnot be too grest the Tlyabllity of the course
would be improved.

so=-¢allad eéuzaa-eaftening heg been tried in which
the audio tubes have been blased by AVC aetiaa'in such
& monner that the output drops off as renge is decreased
g0 that the eppsrent sensitivity of the course is ro-
duced. Tals %schﬁiqgg has not proven gatisfactory
since AV{ voltage is not a precise means of messuring
range and furthsr the é?% gction is different for
~ various recelvers. Thls would mske the cheresoterls-
ties of the coures a function of the receiver end esch
one would be different. If e preclse zeans of measur~ .
ing renge wers avellsble (es in Distance Xeasuring |
Equipment - I3E) then this Informstion could be used to
control the senai;&vity of the receiver's output ss &
function of range. Fhen INE equipment Is aéaptéé for
use in the miérawuve systen 1t seens at the present %
time to be s feusible solutlon 10 the prodlen.
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IV, ARALYSIS OF SYSTEM
The results of the foregoing field tests indicate

thet ground messuring techniques willl suffice to deter-
mine the actual antenna patterns and can be extrapolated
to determine what takes place at much greater range in
thé f£light approach path. Providing the beans ha#e COm=~
pletely formed thess ground measurements are sufficlient

tomﬁetermine the operating cheracteristics of the system

as a whole.

gonsidering the microwave landing system as an
integrated system it becomes evident that there are many
advantages pecullar to it. _

1. Antenns size - It is of great advantage to have
sharp narrow beams yet have small antennas. Page 74
aﬁowa the relative antenns heights to produce the game
beam width (2 degrees) at different -frequencies. ZXeeping
in mind that lﬁrge antennas preyent hazardous obstacles
in a flight landing ares and that the antenna pattern
should be 1nﬂependeﬁt of varisbles such as the ground
the advantages of a system operating in the microwave
region becomes obvlous.

2. Tilted-up antenna systems ~ Kbt only ere the
beams sharp and independent of the ground for pattern
formation but thé nature of thelr uptilt reduces to a
minimum the amount of interference b§ reflacticn.“

3. Mobllity - The fact that the equipment can be
set up optically leads to portebility and esse of re-
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locating on eny one of a number of runways on the same
sirtield, | | |
4, Specirum‘ﬁtilization - CW microwveve tgchniques
9erm££ the fullest use of the RF spectrum. S8ince the
frequency stability is of a high order and the intalli~
gence required for instrument landing'purpases is of 8
i@ple nature the trensmission banawidtha are narrow.

5. Future Btility - A very important consideration
of any present day landina system is its possible
adaptabillty to automatic approsch techniques, ¥hen a
great effort 1s expehdad on,making e system prpvidé e
highly sccurate flight path in space 1t is invariadbly
fouﬁd that the mpré agocurate and precise the path the
more difficult it 1s'to fly. For automatic approach
this dces not offer a great problem however, 1t must
alwsys §a remembered that st any polnt on the spproach
path, should the autamatic equipment fail, the system
| must be capable of being flown manually with aufficiant
accuraey to permit a safe landing.

The Sperry Gyroscope Company hes automstic approach
equipment as &ﬁfhﬁ3n§ég:t0’their micrﬁwave lending sys-
tem and which can also be used on the CAA or Scs-51 in-
strument landing aystems} This equipment provides auto-
matic bracketing of the localizer when the control
switch is in "localizer™ position., Upon interception
of the glide péth the switeh 1s set on “aéproachﬁ and



combined bi'acketlng of both localizer and glide path
beams results. 7This operating in conjunction with the.
4~12 sutomatic pilot, which automsticslly sets thé air-
eraft tab controls as flight attitude changes, and an
automatic alr-apeed cci:tral provides a émcoth approach -
$0 the runway with a minimum of hunting and bdbracketing.
o Fiight. tests show that antomatic flight is three
tines mara(accurate than the best manual approsch by a
pilot familiar with instrument approach technicues, To
111ustr£te this point consider the glide path shown in
Page '}"?T. Here the numbers on the curve indicate mil de-
viation from the true gliaa path énd the numbers on the
left side indicate range in mlles. 4t approximately
8 miles the automatic approach equipment is engaged snd
8 slight hunting and bracketing tekes place. At a
Tange of 2.5 miles the pilot tekes over and f£lys manual-
ly. HNote the lricrease' in mil deviation from the true
path, HNote also that it is the last mile or so where
deviation assumes a major importance., Flight bracketing
currsctions as the range decreases become comparable to
the total holght of the aircraft above the terrain.
¥anually this system can be {lowa safely down to 50 to
100 feet above the runway. Automatlc approach tech-
niques reduce this amltitude to 5 to 25 feet.

i’age 78 shows & localizer flight recording. Note
the point of engagement of the automatic pilot on the
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localizer and initial bracket. Although this £light
took place in rough air and s considerable cross-wind
the maximum deviation from the true course was only 3
mils and this teking place at about 1 mile amounts to a
lateral deiiation of approximately 15 feet., As indi-
cated at 2000 feet sltitude the glide path was inter~
cepted and the sutomstic approach equipmaht sviitched to
final approach position.,. From thls point on, both beams
were being hracketed‘aimnltaneeasly. The adventage of
sutomatic approach lg nagain very evident on Fage 80,
ﬁera'the glide path is flowm manuelly and in very rough
air. The'méxiﬁnm mil deviation from the correct glide -
path angle 1s 7 mils, Note the excessive bracketing
and overshooting btetween O ané'lvmile‘range. However
meximum devistion in this range did not exceed 3 mils
or 15 feet. ‘ - | )
In conelusion it can be said that the enployment
of microwave techniques in a landing aystemehioh is -
adaptable to automatic approach and 1n‘therfntﬁre to
completely aﬁtomatie lendings indicate a grest stride
towards the ulﬁimate in cdnsistently sale end dependent

aireraft landing systems.
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