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POREWORD

The author wishes to acknowledge the eble assistance
and cooperetion of many pecple in the =2ir line companies,
radio lshoratories, and other govermment and commercial or-
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port and the results described therein would not have besn
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REPORT ON THE STATUS OF INSTRUMENT LANDING SYSTEMS
By

W. E. Jackson

STAARY

During the past ten years & lerge number of instrument
landing systems have undergone development end teata and e consider-
able fund of 1nformetion hae been accumulated concerning the short-
comings snd advantages of each. The major eairlines of the United
States, the Federal Communications Commission, the Buremu of Alr
Commeres, mnd the Sub-Coymittee on Instrument Landing Devices of
the Radio Techniesl Committee for aAeronauties have resched an agree-
ment as to the fundamental elements whiech should be incorporated in
a practicel inatrument landing system and have alsc ocutlined a pro-~
grem of projected development. Having this sgroement, it is now
possible for all interested organizations to proceed with the per-
fection of a practiecal system by combining the superior features of
the systems which have been teated mnd to cerry on davelopment which
will further sugment this system. At mresent, the major airiines are
planning tc install a number of 1nstrument landing systems, having
the fundementsl elements agreed upon by the above mentioned organl-
stions, to be used on an experimentel and pilot training besis. It
is recommended thet the Bureau of Air Commerce sponsor further develop-
ment of ingtrument lending equipment until 1t meets the approval of all
concerned with regard to operation, reliability end ease of meintensnce
a8 well as fundamental elements. When this condition 1s reached, it
is recommended that the Dureau of 4ir Commerce purchase, instell and

operate a number of these instrument landing systeme at various alrports

throughout the United States on an experimental basis.
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INTRODUCTION

About tha time that direetional radiec faeilities were heing
considered as an ald to the navigation of mircraft under conditions
of restricted or zero visilbility, it became mpparent thet, with further
modifieations, direetional radio trensmlssion could be utilized to
asslat & pillot in lending an eirplens where = low or zero ceiling pre-
vailed. Although scome work was done as early as 191%, no especially
promising resulta were obtained until about 1929 when the Suresu of
Standards produced a complete i1netrument landing syatem. Following
thia, several solutions to the problem have been proposed, all of which
can be groupe. es follows  first, those which employ redio transmission
merely as a means of enabling an eirplane pllot to orient himselif 1n e
horizontal plene, after shich he must depend on an altimeter in meking
the final landing maneuver, saecond, arrangements in which radio trans-
mission supplies the pillot with both lateral and vertical guldance us-
ing the eltimeter only to check the Tadio indicetions, and third, methods
amploying e medium other than radio for the transmiesion of lending in-
formation te the pilot. In this report, progress in the development of
systems falling under the first two classifications will be outlined.
Study and develcpment of methods falling under the third group is pro-

greseilng snd will be made the subjest of = leter report.

DESCRIPTION AND DISCUSSION OF DEVELOPMENT

Bureau of Stendards Developments

In 1919 the Burecau of Stenderds developed experimertally a ~~
radio system to eid eirplenes landing during poor visibility The system
comprised the use of & cirection finder on the mirplane in confunetion
with a marker beacon to loealize the landing fleld-l The marker beacon
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emplcyed two horizontal 1oop mntennsa, one above the other. It
produced a vertical distribution of intensity, including a cone of
silence, which affectively indicatad e position wlth respect to the
landing field. The tranamitter used was a half kilowatt spark trens-
mitter operaeting on spproximately =00 ke.

In 1928 the Bureau of Standards developed for the Aeronautics
Branch_of the Department of Commerce (now the Buresu of Alr Commerce)
a blind landing systeam comprising e radio range in conjunetion with
marker beescons. In this syatem, the radioc renge is placed neer the
landing field and one course is aligned with the runway on which it
is deeired to land One or more merker beacons are located on the
coursa at suitsble distances from the desired point of landing to give
the pilot an indication of his distence therefrom and thersby to assist
him in suitebly contrelling the sltitude of his sirplane as indicated
by either a bercmetric or an absclute altimeter. A report outlining
this system was submitted to the Daniel Guggenheim Fund for the Pro-
motion of Aeroneutices in 1928, A runway localizer (rasdio range with
courae aligned with runway) and marker besecon were instslled by the
Bursau at Mitchell Field in 1929 for blind landing experhmenta.z Using
the runwey localizer and i%s cone of silence =g a merker beacon, pllot
Lieutenant J. H. Doolittle of the Guggenheim Fund made the firat sug-
cesgful ilnstrement landing in history on September 24, 1928. Other
landings were made in later months, using both the marker bescon end
the runway localizer. This type of system, comprising only the radio

range and matker beaccona, is sometimes called a radio approach ayatem.
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Lieut enant Doolittle did notable work on the development
of the non-redio instruments required in making an instrument Lending,
end on thelr grouping on the instrument penel to facilitate use by
the pilet. He wes one of the first to recognlze the need for an erti-
ficigl horizon instrument end a directional gyroscope and cooperated
with the Sperry Development Company in their design. DBoth of these
1nstrunents and meny of his i1dess for instrument grouping have since
been generslly adopted in avietion.

These oystems provided the pllot with lateral and longitudinael
guldance, Tha importent etep of providing guidenes in the vertical
plane, thus achieving & complete three-dimensional system, was concelved
by the Bureau of Stendards in 1929 ® To the equisignsl runway loeelizer
and the marker beacons was added a beem in the vertical plene which pro-~
vided m constant-intensity glide path of convenlent shape for eassy lending.
The equipment was set up and the system developed at College Park, Md.
The glide path wes obterned from an ultra-high frequency transmitter
utilizing e horizontally polerized directive array operating on 90.8 Me.
The runway localizer utilized smsll multi-turn loops whiech operated on
278 ke. The marker beacons used long low trensmission line antennes and
opereted on 3]05 ke. A complete monltoring syatem was added. The first
blind landing with this system was mede by pilot K. S. Bogge &t College
Park, September 5, 1931. A second i1nstzlletion was mede by the Buresu
of Stendards st Newark, N. J., in 1933, where over a hundred blind
landings were made.4 A third instgllation was made by the Bureasu of
Standards et Qakland, Calif , in 19%4. The system was planned to re-
quire & minimum of manipulation of radio controls by the lancing pilot

end to sumplify the interpretation of the radio signals received To
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this end, visusl runwey-localizer and laanding-beam course indic¢aticns
wers provided on a single crossed-pointer instrument, the need for veolume
control manipuletion was eliminsted, &nd distinctive modulation of the
approach and boundery merker beascons was amployed

During 1933 end 1934, test flights of the Newark ianstallation
by alr transport plleots in airplasnss equipped for the purpose by the
United Air Lines and Transcontinental Western Alr served to indieate
the practicabllity of the fundamental principles of the system and
pointed to desired improvements. Heduction of cost of the ground station
equipment, elimination of the slight bends in the runway localizer cocurse
ceused by the pressence of railroad tracks, power lines, ete.,, and in-
erease of the slope of the landing path were desired. The Bureau of
Standarde cooperated in the tests =znd, at College Park, continued its
work on improving the system. Tests were made ¢n a canbined runway
localizer and lending beam operating on a single ultra-high freguency,
and on a method for plecing the landing beam {(or the ccmbined system)
in a pit at the center of an mirport in order to increase the alope of
the landing path and to afford service for all wind directions.s The
gimplification of the combined system when using vertiecally polarized
waves led to a study of the relative advanteges of horizontal and ver-
tical polarization; this study revealed that horizontal polarizetion wes
preferable for safe use of the landing beam, lnasmueh a8 the glide path
would drop with snow fell when using vertically polerized wevee whersas
the glide path would rise with horizontelly polarized waves under similar
conditions. Reverse directional effscts in the Tunway course indications
when using horizontelly polarized waves led to the development of speciel
non-direationml receiving sntennas to overcome this effeact.
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Airways Division Development

In 1933 the Airways Division of the Department of Commerce
developed snd 1nstelled at Newark, N. J., what is probably the sim-
plest instrument landing system.6 It used the convemtionel redio
range augmented by an omnidirectional radio merker and e Kollsman
eltimeter on the airplane, Ia this system the radic range is locetsd
ebout two miles from the airrport snd has ane courss eligned with the
Tunway on which instrument landings ere to be made. The marker trens-
mitter end i1ts antenna are located on the radio range courae 1000 feet
outside the airport boundery. 4 carrier fregquency differing from that
of the radio range by one kilocycle 1s used for the marker transmitter.
In addition, it 1s modulated by en eudic frequency several hundred
cyceles below the range modulating frequency.

In order to make a landing through the usa of thege facilities,
the pilot approaches the zirport flying at 1000 feet on the course which
18 the reciprocal of that projecting along the runway. A4S the airplane
passes over the redio rangse, the pilot observes the cone of silence and
immedietely reduces the spesd of his enginss end puts the sirplane into
4 normal glide, As the let-down 1s contlnued, the airplane is held on
the radio range couTse using a directional gyro compass besring as a
check. When the marker beacon signal is deteeted, the airplane should
have descended to 100 feet, and this provides the pilot with a check on
his progress in the letting-down maneuver, If the airplane hes been
gliding at the proper angle, this altitude will have been reached and
the pilot can proceed to land on the rumwey. Otherwise, he must climb
to 1000 feet and repeat the procedure, making such correctlions in the
airplene speed as appear necessary to compensate for wind veloecity.
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A varistion in this systen wes installed at Washington, D. C.,
1n 1933 end is described i1n deteil 1n the reference.7 It utilizes an
additional radio marker installed 25 miles distent from the airport
boundary on the course selected for instrument landings. It operates on
the same radpo frequency as the boundary marker and is unodulated by two
audio frequencies keyed alternately. The =odulation frequency of the
boundary marker is not keyed and differs from both of the outer marker
modulationa. Also, the radio range bescon is located on the side of
the sirport opposite that on which the markers are situeted. The pro-
cedure followed 15 different from that of the first system i1n that the
pllot maskes his approach flying toward the range station rather then
ewgy from it =and the signal from the cuter marker instead of the radio
range cone of sileace 1s used to warn the pilot that he should begin his
glide. Much of the success of elther system depends on the accuracy of
thg barometric altimeter, none of which at the present time can be relied
upon t0 g1¥®s g Teasding heving a tolerance of less than plus or minus forty
feet. For this resson, instrument landings with either systen are not
considered femsible sinee the possibility of undershooting or overshooting
the landing ares is too great. However, these facilities do assiat the

pllot to fly in under a 100 foot ceiling and make s contect lanaing.

Early Development of the Lorenz Systenu

In 1933, Xremer described e blind landing system which had been
tested in Europe. It ccusisted of an ultra-high frequency transmitter
operating on a fraquency of 43 Mc , which wes so located with respsct to
the airport that an instrument landing could be made. 4 pilot making a
lending with thie system first flew over the cone of silence =t sn altitude

of 650 feet. At this elevation, the cone of silence lested approximately
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4 or 5 seconds, depending on the sveed of the sirplene. Immediately
after passing through the cone of silence, the glide to the sirport was
begun snd the airplane was maneuvered elong a radic range course at a

gliding angle which would psrmit 1t to contaet the runway at the proper

point.8

Army Development

In 1932 and 1933, the Air Corps at Wright Field under the
direetion of Captain Hegenberger developed &n inptrument landing system
which was unique in 1ts simplieclty of operation and the flexibility
with which it could be used under verying wind conditions. Thie system
was adopted by the Bureau of Air Commerce and instellstions were begun
at 36 airports throughout the United States.g This program wes never
completed due primarily to the fact that = majority of the smirlines felt
that it did not give sufficiently precise 1:diestions for safe com-
mercial use. This system is described in the Air Commerce Bulletin,
Vol. 6, No. 5, end by Jeckson 1in the Netional Safety News,10 and by
Jeckson and Hromeda i1n Penders han.dbook.6 The major disadvantage of
the Army epproach system was thet it cid not give a precise sbsolute
altitude indication, sinee thet furnished by the Kollsman sensitive
sltimeter could only be rellied upcn within plus or minue 40 Feet under
all practical conditions. TFurthermore, 1t did not provide a well-defined
lateral path, but geve a redic compass heading which would continually
change with any creoss wind component. The mejor adventege of the Army
systen was that it was simple to fly, which made it possible for the
Pilot to quickly orient himself and placed no extra burden on the pilot
a8 he feollowed the redic campass indicator.
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Weshington Inetitute of Technology Development

In 1933, the Washington Institute of Technology was organized
for khe purpcse of further developing and commerclallzing the Bureau
of Standarde instrument leanding system.

In 1935 this orgenizatlon produced an exparimental setup util-
1zing the A~]I visuel indlcation method developed by the Buresu of Air
Commerse, but, after a short period of flight testing by the United
Air Lines, the use of the &A-I indiecator for the localizer was sbandoned
This system consisted of a glide path operated on approximately 93 Me,
the visual ruunway localizer operated on a frequency of 278 ke and an
aural marker beacon on the same frequency as the runway localizer. All
of the ground equipment, except the marker beacon, was mounted in an
automobiles trailer to permit the operation of the system in eny direetion.
Conerete platforme and power cutlets for the trailer werse provided at
the end of each runway. The treiler could be towed to the position best
sulted for the particular weather conditlon at the time of landing.

The loeelizer transmitter had a frequency of 278 kc and a
poweyr output of approximately 400 wetts trensmitting into small multi-
turn loops enclosed within the trailer. The keying used was that of the
I-A éystam, thet is, an "I™ transmitted imto one loop while an "A"™ was
trensmitted i1nto the other loop. The small lcops gave very poor radiation
efficlency so that the meximum distance over which the range could be
used was spproximately 15 miles under favorable conditiona and lesa than
two milee under heavy static condit lons.

The glide path transmitter operated at a frequeney of approxi-

mately 93 Me¢ and had an output of approximately 400 watts. The antenna
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arrey utilized horizontel polarization and ccunsisted of four helf-weve
entepnas fed in phase and four reflectors. This entire antenna errey
wes mounted on the trailer. The only diffieulty obteined in ecomnection
with the glide path was that, because of the short runway at College
Park, 1t wes necessary to adjust the path so that it was relatively
steep and the point of conteet fairly close to the trensmitter, giving
only a few hundred feet for the plane to roll after contacting the
ground. This would be eliminated on a larger airport by using either &
higher sensitivity setting on the receiver or more power at the trans-
mitter. Under these circumstznces the path would be i1denticel to all
systems using horizontally polarized waves.

The marker beacon c¢cnsisted of a trensmitter having a frequency
of 278 ke and e Meximum power output of approximately four watts., The
carrier wes modulated at 1200 cyelea. The antenna syatem consisted of
a single insulnted wire laid on the ground.

A complete monitoring system was provided whereby the equip-
ment could be turned on or off at a remote point, Monitor lights were
provided which indicated when the trsnsmitters were on or off, In
addition, each transmitter was provided with e cut-out reley which was
designed autometically to remove power from the transmitter if its out-
put veried apprecisbly from normal, thus precluding the possibility of
radisting ineorreet signels. A visuel indicator deviece used 1n the air-
eraft to indieate the right or left of the course was similer to the
4A-I indicator, originelly developsd by the Bureau of &ir Cammerce.

After these tests, the Washington Institute of Technology

then continued the development of a double modulation locelizar based
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on the principle originally employed in the Bureau of Standerds
aystem, that ia, one loop was modulated at a frequency of 65 cycles,
while the cther wes modulated at 26.7 cycles. 4 novel method of ac-
ccmplishing this moduletion was adopted which resulted in & great im-
provement over the carlier scheme., Originaslly the transmitter had
dual output radio frequeney emplifiar channels, each of which was
modulated et one of the two frequencies menticned ebove. Each power
amplifier independently excited ome of the loops. The most serious
objection to this arrangement wes that any chenge in emission of the
tubee in elther channel gzused loealizer course variations. To over-
come thia difficulty, a single power smplifier was used with 4 -e
plate aupply. Modulating means not including eny vacuum tubes, were
conneeted to the output of the tank circuit and the output of each of
these was supplied to one of the loops. One loop waa then modulated
at 65 cycles, end the other at 86.7 cycles. Thie arrengement had the
advantage that varistions in emiassion varied each of the figure-of-
eight patterns simultanecusly, and the course aligoment was not ef-
fected. The couras indications were furnished to the pilot by means
of a conventional cross-pointer type of meter, using a reed converter
similar to that originally ueed by the Department of Commerce

The original converter has been somewhat redesigned mechesnically
and a major improvement in easlibration procsdure developed whioh gives
the device a high degres of ssrvice relisbllity.

Another type of converter unit has been developed, inter-
¢hangeable with and aven lighter than the reed converter, whieh 1s

known as the Torsionel type of converter. This type of indicator will
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be adopted if extensive flight tests prove its superiority over the
original reed type of converter.

Although only one trailer platform was aeatablished et Collegs
Park during the tests with United Air Lines 1n 1935, extensive tests
conducted since then have shown thet not only will the equipment stand
up under usege far more cevere than that to be encountered on gny =sir-
port, but alsc that stable snd reproducible courses are obtained by
means of the positioning platforms used to locate the trailer. Im-
provementsa in the trailer and the method of coupling make possible the
chenge from one position to another a matter of a few minutes.

The present equipmsent for conducting service teats 1ncorporetes
a 91 Me glide path transmitter, a medium high frequeney locelizer, and
a maTker beacon on the localizer frequency, all crystal controlled. The
major disedventags with this system and all other systeme using runway
locelizers opersting on relatively low radio frsquencies ia the fact
that the use of these frequencies is ept to give numerous bends and
multiple courses which make it difficult, 1f not impossible, for the
pilot to land on an airport consistently under blind conditions. A&s
goon as sufficilent data is accumulated on the operation of an ultra

high frequency locelizer, this eguipment will be substituted,

Transcontinentel & Xestern Air Development

In 1935, TWA developed m combination glide path and localizer
unit at the Kenses City airport using a frequenecy of B5 Me The equip-
ment was crystal controlled end a setisfactory straight peth was obtained.
However, considerable difficulty was sncountered due to varietions in
the altitude of the glide path when crossing over = river and a2 dike
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neay the river's edge. This discontinuity in the path was considered
to be & sericus objeetion and it was not until later that it was de-
terminsd that vertically polarizesd waves wers respounsible for the

disconbinuity.

Bureau of Air Commerce Developments

ir 1935 the Bureau of Air Commerce of the Department of Com-
merce condected further tests al Newerk, N J., on & glide path sys~
tem on 93 Me and on a localizer system on 287 ke. The locelizer was
modified o operate on single sideband with a symmetrically disposed
vartieal antenns continuously excited by & carrier 1020 cyclesz lower
than thoe single sidebend. With this system, sutomatic volume comtrol
cperated from ths carrier could be usad and it also permitted simul~
taneous operevion of the redio compass in addition to meking it possible
to tredasmit voice communication from the carrier entemne. Ths courae
indications were obtained by keylng the single sideband with "I™ and A"
gné obtelining a visusl indicstion by energy derived from the transient
powsE. AR c¢bjectionebls feature of this system was thet it gave a
kicking irdicaetion to the pilot. This ceused considereble eys strain
end reguirsd an unnecessary amount of coneentration to determine whether
the plene wag gradumlly approeching or lesving the course. 4nother
difficulty was that statie caussd the visual indicator to give erromeous
ecurgs 1ndicatlons, thuas meking 1t difficult to fly an accurste courss
duriaog aumoapheric conditicng 4 further objeetion to the use of trensient
type of visual indicator was the i1pnherently broad course indiecatiocn whieh
made accurste flying impossible,

Dua to the concentration of traffic at the Newark airport, the

ent ire equipment was moved to Indianampolis, et which point further tests
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were conducted on thas aystem. After a considerable numbser of tests,
1t was determined that 1t was unnecessary to transmit volce over the
carrier antenna, and, furthermore, that the courses cbtained were 41
per cent wider, when using this type of trensmission than when using
the two loops without the vertical antenna. In addition to this, there
were the kicking difficulties outlined previously and the kicking
meter was abandoned.

Modifications were then made which made use of extremaly high
speed dots cn one side of the course and dashes on the other, each
dash heving a length five times that of one of the dots. It waa then
possible to obtain a smooth on~course indieation. This proved to be
much more satisfactory than the kicking needle type used with the I-A
systaen. However, due to mechanical imperfections in the fest keying of
the dots which were st the rate of 600 per minute, random transients were
produced by key clicks caused by the link circuit relay contacting both
sides or beceause of spaces occurring between the dots and dashes tending
to give occaslonal course indigsetor fluctuationsa which were ammnoying to
the pilot. TFurthermore, flight tests indicated that the palr of courses
in line with the runway were free from key clicks and coincided aurally
end visually whereas the palr of courses normal to the runway were found
to be located properly aurally although key clicks were apparent, but
rotated 8 degrees clockwise on the visual indiecator. This error was
caused by = key click figure of eight pattern, the axie of which wes
normal tc the runway. Thils parasitie key c¢lick pattern combined with the
nermal figure of elght petterns to preoauce a visual course 8 degrees
off the true course. [ue tc the difficulties i1involved 1n maintaining the
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link cireuit reley adjustment in e mechanically perfect conditicn,

it wes docided to ebendon the high speed keying system in fevor of a
visuml system using e mechenical modulator which produced 65 cyele
modulation in one loop and 86.7 cycle modulamtion 1n the other loop.

4 mechanieal modulator has been constructed and tests with it ars
about to be condueted. It is anticipeted that the mechanical modu-
lmtor will overcome all the feults found in previous visual lo¢alizer
transmitters.

Ancther improvament made at Indisnapolis was to locate the
glide path antenna so that the exis of the beem wes projected amecross
the rumway at an angle of epproximately 13 degrees. Tests indicated
that this method was entirely practicel in pushing the peint of comn~
tact out ferther on the fisld and at the same time preventing the
structure housing the entenna errsy from being a hazard.

Teats on the low frequency runway localizer at Newark indi-
ceted that both multiple courses and bent courses prevalled whereas at
Indimnapclie using the same frequency under 1deal conditions no vegaries
wvers obgerved. DBased on these observations together with the expsrience
gained from other instrument landing instellations apnd redio range stations
located throughout the United States using these low radic frequencies, it
would appear that these frequencies erse not well suited to provide s
streight localizer course. However, sxperience indicates that the so-
lution to this problem 1is the use of ultra high frequencies provided care
iz exercised i1n properly locating the localizer with respeect to reflecting
objeots such as hangars, ges tanks, towers snd buildings. Tests are now

being conducted at Indimnapolis to determine the feasibility of replecing

the low frequency locaslizer with an ultrs high fregquenmey localizer.
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Later Development of the Lorenz System

In 1934 ené 1935 Dr. E. Kremar of the Lorenz Company in
Germany developed a unique and simplified blind lend:ng system.ll'lz’ls
This system consisted of the same elementa originelly used by the

Bureau of Stenderds, that is glide path, runwsey radio range localizer,
maTrker heacone, and monitor system, The glide path and the localizer
were combined imo ons transmitter and rediating system. The transmitter
was operated on 33.3 Mc, and excited a vertical halfwave radietor, Omn
each side of the vertical radistor, a reflector was located with a relay
at 1ts center. OQne reflector was keyed by dots while the other reflactor
was keyed by dmeshes. By interlocking the dots snd deshes, two elliptical
patterns were obtained, the major axes of which wers parallel to the on-
course. Qnly one pattern waes2 present at e time, inasmuch 28 a single
source of energy 1s used to supply the ensergy in both patterna. Theae
alternately keyed patterns produced an equi-signal zone, which gave two
courses, The carrier energy was modulated at 1150 cycles, and the usual
type of esural redio range courses were obteined with an interlock signal.
Visual indicaticon was obtained by means of a rectifier circuit and
emplifier which produced off-course i1ndic¢ations either to the right or
the left, depending upon whsether dashes or dots were the predcminent off-
course signal. This indicator, however, gave a kicking needle 1ndi-
cation. The glide path was produced by the presence of & fisld pattern
in the vertical plane. 4 fleld intensity line of constant amplitude was
selected and followed directly to the airport. The outer marker was
located epproximetely 1.9 miles from the airport. The inner marker

was located epproximately .19 miles from the alrport. Eech of the

merkers transmitted oo a frequency of 38 Me. The outer marker was modu-

lated at a froquency of 700 cycles and keyed with deshes four tenths of
leg0/
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e second long. The i1nner marker was mogulasted at a frequeney of 1700
cycles and keyed with dots one fifteenth of e second long. Each marker
gave an sural indication in the headphones of the pillot in eddition to
lighting an individusl light on the instrument panel. A counplete remote

econtrol apparetus wap provided which constantly checked the operation

of ell units.

Tests at Indianapolis of Lorenz System

Thraough the courtesy of the Internaticnal Telephone & Telegraph
Company, ona conplete set of equipment was 1nstalled at the Indianspolis
alirport for t« . purposea. Recelving equipment wes also Purnished to
the Bureeu of Air Commerce and to several of the mirlinea. These testa
indiocated thet approaches eculd be mmde to the field under coneitions
of low visibility and low ceilings with good rellability. However,
there were gevernl limitations to the use of this equipment. ZFirst,
it wes found that the radioc range ceuld be flown better eurally than
visuelly. This was attributed to the fact that the needle indications
were of the kicking type rather than of the smcoth visual type, which
was originally used in the Buresu of Standards installation. It was
also found that 1f the trensmitter was keyed with the "N™ and "A"™ that
pillots who were familiar with this form of keying could fly the radio
renge localizer mueh better than with the dot-dash eilgnals. When the
oquipment was originally installed, the course was approximately 6°
broad, which it 18 understood is the width desired in Burope. However,
the consensus smong &ll the pilots in this country who flew this egquapment
wasg that the courses were too wide. A considerable amcunt of work was

done in en eoffort to sherpen the course. When the course was narrowed

legpof



- 18 =

to approximately 3°, the results obtained wers greatly improved. By
further manipulation of the position and length of the reflectors, the
course width was reduced to approximately 2°. Even though this very
definite i1mprovement of course width wes made, the consensus wes in
favor of a further reduetion in the width of the course. It is felt
that the difference 1n megaitude of the two patterns should be at least
one db et a point l%p off the center of the course for esdequats ccurse
sherpneas with surel cperation, however, with visual operation the dif-
ferente in pettern magnitudes at the ssme position needs to be only

.5 éb provided the 1nstrument is sufficiently sensitive to give & ten
degree pointer deflection 1,99 off the center of the course.

Another serious difficulty observed was thae feet that the
glide path wes smooth down to a polnt juat be;ond the end of the ceament
runway, at which point the glide path took m definite dive into the ground.
Further tests 1ndicated that this was primarily due to the fact that the
radiation was vertically polarized and thet probably the reinforeing
steel 1n the runwaya ceused a very definite change 1o the conduectivity
which affected the reflection coefflcient sufficleantly to give a very
pronounced discontinuity in the glide path. This feature is considered
e serious facteor, inasmuch as s highway at the end of an airport would
probebly ceuse e dlscontinuity in the glide path. An opportumity
has not yet been afforded to confimm this assumption. However, 1t is
definitely xnown thet, in the glide path at Kensas City, using vertically
polarized waves at 80 Me, there was e discontinuity present in the glide
path at the point where the waves c¢rossed over the river. The Bureau
of Air Commerce glide path antenna at Indlanapolis which was normally

horizontally polarized was rotated sco that vertically polarized weves
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At the present time the hair hygrometer is used. It has
five gtrands of human hair, each 13" long, stretched up and over
the humidity pen which in turn contacts the helix., As the humidity
of the air increases, the hairs lengthen. This causes the pen,
which has a slight spring tension, ‘o move out, or away from the
base of the helix and the reference pén. As the humidity decreases,
the hairs contract or tighten, and thus pull the pen down, or in
the direction of the base of the helix, and closer to the reference
pen. The humidity readings, like the others, are evaluated with
respect to the refersence pen.

The hygromster i1s attached fo the commomn hase elong with
the other elements, and 1s loceted halfway between, the pressure and
témperature elements, (Fig. 2)

Humidity data are now reliable only to altitudes of
approximately 15,000 feet, due to lag and to the inability of the
instrument to react favorably in extremely low temberatures, which
cause the hairs to freeze, and render accurate caleulation of
relative humidity almost impossible.

Diligent work is now being carried on by the Natlonal
Bureau of Standards and other organizations to perfect a more
accurate and, sensitive instrument to replace the humen hair for
humidity measurement, Encouraging results have been produced to

date,
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Calibration

All of the elements, or instrumenta, must be carefully
calibrated before being used, otherwise such errors would exist
28 Lo make the record of readings valueless,

The work of calibration requires about two hours and is
done in a special chamber designed for that purpese (Fig. 3), The
chamber is a box about the size of a large, old-fashioned hamper,
well-puilt and insulated, which accommodates ssven instruments at
one time. The recorder, on a continuous chaln, and located adjacent
to the calibration chamber, awtomatically makes records of each
of the elements, determined by their distances to marks made by
the reference pen. A relay trips a recording pen each time that
contacts are made, by an instrmument, or element, with the helix,
These pensg are attached vertieally to the endless chain and are
carried across the paper at such a rate that they return to the
starting edge zfter =sach revelution of the helix., I an element
pen should move, contact will be made either sooner or later than
its previcus position, The wariation in time is & mesasure of the
change in the element actuating that pen. Contacts must be pesitive
and sharp at "make" or "break", otherwise the measured distances
will be inaccurate. The traits or peculiarities of each element
are thug definitely known.

The same type of recorder, although mechanicallj different

in some respects, is used for recording data during actual soundings.
EYS
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path 1ndicator at the moment the outer marker light on the dash operates.
It ia only necessary tc meintein the same amplitude of the glide psth
meter and follow the glide path down until contect is made. It 1s

possible to determine the amltitude at the cuter marker by means of a
Kollsman altimeter with an erreor of not more than plus or minus 40

feet mnd st this point select one of the constant emplitude field in-
tensity lines end fly from the outer marker to the point of ccntact with
the ground. All of the points of contaet with the ground will be relatively
close to one another for a1l ebsclute altitudes between 660 and 740 feet.
From this, 1t may be seen thet 1%t is only necessary that the transmitter
output be constent and the receiver sensitivity remasin constant for a
pericd of a little over a minute and e helf., This simplicity in opera-
tion eliminates the necessity of maintaining the receivers with absolutely
constent sensitivity adjustments and slsc eliminates the necessity of
checking the recelver with a signel generator befors making a landing.
Experience hes indicated thet this method of operation 1a entirely praec-
t1cal. Another outstanding festure of the equipment is that it is operated
entirely on ultra=-high frequencies which are fres from the annoylng

offects of atmospherie lnterfarence.

United Airlines and Bendix Development

In 1934 the equipment originally instelled at the Ogklend
pirport by the Bureau of Standards was turned over to United iir Lines
for further tests and improvements. Early in 1936 the Bendix Redio
Corporation agreed to cooperate with United Air Lines in cerrying on an

extensive program of tests and improvementa. The major improvements

1‘690/



- D2 ~

which were made with the masistance of the Bureau of Standards in
an advisory cepacity were the elimination of bends and multiple coursas
by using an ultra-high frequeacy locelizer; the use of electrical
filters instead of vibrating reeds to eeparate the modulating fre-
quencies; the usse of a single trensmitter for both the glide path
and course lndication; and the usa of & mechanical rsdio frequency
modulating devies, which eliminmted the possibllity of course varia-
tions ceused by emission differences in dusl radio frequency channels,

The improved system developed by Bendix and United Air Lines
consisted of a crystal controlled transmitter coperated on 91 Mc, which
was used to mimultaneocusly excite two horizontally polarized Yegi arrays.
The major axes of each of the patterns produced by these two arrays were
displaced by mn angle of approximately 40°, The fleld pattern radiated
by each array was modulated by keying the director next to the antenns
on one of tha arrays at 70 cycles, while the corresponding director on
the other array was keyed at 90 ¢ycles. Thie arrangement produced a
combined glide path and localizer courss. Cne of the major difficulties
to be overcomes in this system was the fact that different headings of
the ship would tend to give varying recelver ocutputs dus to receiving
ant enna directivity. This problem was solved by uking a horizontal
loop which hed s non-direetionsl characteristie for horizontally polar-
ized waves.

Another cocatribution wea the utilizaticn of the sutomatic
pilot in blind landing. The method of application consisted essentially
of getting on course with the plane headed in the proper direction, fly-

ing over the outer marker beacon at the proper altitude and permitting
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the aut.matiec pilot to fly the sirplane as it descended to the runway.
This arraggement grestly relieved the strain on the pilot inesmuech as
it waes not necesasary for him to maintain the plane in the proper
attitude while msking & landing. The pilct was able to concentrate
end interpret the indie¢ations of the cross pointer instrument, making
only slight adjustments to the controls of the automatic pilot eae
required., In effeet, the airplans was flown down the glide path at
gpproximately 90 miles per hour. After contect was made, the automatie
pllot maintained the proper heading of the airplene while the throttles
were slowly closed and the airplane was brought to & stop by brakes.
Later in 1936 TWA combined their efforts with United Air Lines and the
Bendix Corporation to further the development of the system outlined
above. During 1936 and 1537 approximately 3000 hooded landings were
made on thie syetem in = Boeing 247 and a Douglas DC-3 airplane by

Pilote from the various sirlines, Ammy, Navy and Buresu of Alr Commerce.

Fundsmental Flements and Projected Development

From the foregoing, it is evident thet a considerable fund of
knowledge has been gained from the aumerocus systems which have been deg-
¢ribed. Rach of the syetems has its limitations although scme are better
then others for making completely blind instrument landings consistently
under service conditions. In general, it may be said that there are
three essential elements in an instrument landing system: Localizer,
€lide path, and markers. A monitor system is ne¢easary in order to
inform the landing system operstor that all elements are operating ssatis-
factorily. An adjunet to the system, which is not described in this report

la the use of spproach lights for the purpose of providing the pilot or
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co-pilot with a double check in eligning the airplane with the runway
under moat conditions of poor visibility. These lighta, however, should
be considered only as a supplemental aid to the lnatrument lsnding
system using radio facllitiles. Approach lights are now being installed
by the Bureau of Air Commsrca at a number of airporta.

Besed on knowledge accumuleted as u result of the experience
described, the airlines, the Buremu of Alr Cormerce, tha Fedefal Communi-
cations Commission and the Sub-Committee on Instrument Laading Devicea
of the Radic Teshnieal Committee for jeronauties have agreed on the
fundamental slements which are necessary for a uniform instrument landing
system. These olements are as follows:

1, Runwey Localizer

{a) The ruuwey localizer should operate cn an ultre high frequency,
preferably in the bend 92-56 Me or, if the lcocealizer transmitter
is cperetsd as a2 separate unit, in the band 108-112 Me.

(b) Straight course, i.e., one which has no bends or multiple courses
perceptible to & pilet flying in etill air.

(¢) The difference in the magnitude of the two patterns of the
localizer should be .5 db &t 1.5° either side of the center lina
as measured with a linear detector.

(d) The veriicel needle of the crose polater indicator should éiva
a 10° defleotion indieation for a 1.9° engular deviation from
the center line of the runway. ‘

{e) The range of use as a runway loemlizer should be twenty miles
et 3000 feet.

{f) TFreedom from interference pattern effects perceptible to the

pilot both xn elevaticon and aziwuth.
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2. Glide Path

(a)

(v)

(e)

The glide path should cperate on an ultra high frequency,
preferably in the band 92-%& Mec.

A snooth glide peth should ba provided, l.e., ocne which is

free from interference pattern sffects perceptible tc the pilot
when on the localizer course.

The system should be capable of adjustment to provide a suiteble

glide path.

3. Markers

(a)
(v)

(e)

(d)

The markers should operats on 75 Me.
It should be possible tc positively ildentify each marker both
aurslly and visually by moduletion and keying. Meoedulation fre-
queney of the inner merker should be 1300 cycles and that of the
out er marker should be 400 c¢yecles,
A normal arrangement of markers would be:
{1} At the normml intersection with the glide path,
{2] Near the boundary of the airport, the exact location to

he determined by local conditions.
The marker beaccns should have an array adjustable so that when
installed in the boundary position the beam will cause useful
indications of a viesual device within 700 feet either side of
the on-course path and for 500 feet along the glide path tra-
jectory. Indlcations from this marker should be receivable to

an altitude of 2000 feat.
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(e) The outer markers should have sufficient power to accomplish
g similer visusl indicaetion with the szme besm pattern
at 2000 feet.

4, Monitor System

{a) Satisfactory means for indicating visuelly the operation of

gll squipment should be provided at e central point.

(b) Whatever form of visual indication may be employed should be

mmooth in performance and have no irregular characteristics.
5. General Charscteristics
{a) Frequency of emission of all of the elements of the system
should be equivalent to that obtained with a low temperature
coefficient quartz cr, stel.

(b} The number of fixed or portsble squipments required will depend

on conditions prevailing at individual airports.

(¢} The installation of the foregoing équipment should not constitute

an obstruction to a normal approach to a runway.
6. Approach Lights
{a) The instellastion of the beat known type ¢f approach end runway
lights appears to be a most desirable messure in combinetion
with instrument landing facilities.
7. Project;d Development.

Additionally, certain desirable features should be provided depending
upon the state of the art and experience obtained. These represent im-
Provements over and above the performanc¢e to be obtained from the funda-
mental egquipment and ere in no sense a substitute for such equipment

nor do they require the redesign or replacement of such eguipment.
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These are:

{(a) The inclusion of suitable emission for the operation of a
radic compass either by
{1) the utilization of the U.H.F, runway loecalizer if

practicseble,
{2] Or the installation of a low-powered low frequency
transpltter adjscent to the rummway localizer.

{(t) The eguipment provided should be so designed as to facilitate
possible ultimate utilization (with gcoeasories) in a fully
eutomatio landing system in conjunction with a gyro-pilot.

{e] Consideration should be given to possible separation of
localizer and glide path transmitter functions in order to
{1) Permit alteration of glide path,

(2) Aceomplish independence of horizontal and vertieal
indication.

(d} Study should be made of the possibility for obtaining a
straight line constant rate of descent glide path.

Work is going forward in a number of agéuncies, including the

Bureau of Air Commerce, slong these lines.

DISCUSSION
It 1s believed thet instrument landing systems installed at
a number of the major air terminals would add mseterially to the safety
of sirways operatioms. At present, the major airlines are planming to
instell a number of inatrument landing systems having the fundamental

elemants previously cutlined. These systems are to be usesd on an ex-
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perimental basis primarily for pilot training. While the equipment
which can be produced at this time is considered satisfactory'for
this purpose, it is believed that a year's further development would
add much in the vay of reliability and esse of maintenance. Because
of the considersble expense involved and also to serve the ends of
standardization and coordination, it is believed that eventually in-
strument landing systems should be installed and operated by the
Bureau of Air Commerce. In view of this, it is believed that the
Bureau of Air Commerce should sponsor further development in the in-
dustry along the lines indicated unaer "Projected Development™.
Another point to be considered is that with the iacreasing
number of aircraft being dispatched to and from airports under con-
ditions of restricted celilings s1d visibility, the air traffic problem
is becoming more acute. Under present conditions at a well regulated
traffic control center, each sirplanse is ellowed a meximum of 15
minutes for landing under the worst possikle conditicns. It is believed
that an instrument landing system would contribute to the solution
of the alrways traffic control problem by reasson of the fact that
more ships could be landed and dispatched per hour at a busy terminel
dufing bed weather conditicns. An lnstrument landing system would
relisve the present "bottle neck” by reducing the time required for
landings as it would furnish the bilot with precise indications of
the proper course and glide path down to the point of contact with the

TUIW Ay .

féyof



- 29 =

CONCLUSIONS OF THE AUTHOR

The moat satisfactory system 18 one that uses ultra-high
frequencies for each of the three elements outlined in the foregoing.
Ulire high frequsncies have ihe outstanding advantages of being
rractically free from atmospherlc disturbances and of wutilizing
smallsr and more efficlent antennas for both plane and ground. With
ultra=high frequencies, it is possible to obtain straight courses
without bends or multiples by properly locating the localizer with
respect to refleoting objectse In the majority of cases, 1t 1s im-
possible to obtain stralght courses with low frequencies, particularly
in the viecinity of irreguler terrain, railroads, high bulldings, and
transmission lines. Straight locallzer courses may be obtained using
ultra high frequenmcies with either verticelly or horizontally polarized
waves. With the glide path, however, it is neceasary to use horizontally
polarized waves in order to cbtain a reletively esmooth peth to the
point of oontact with the rumway. The markere should uss horizontally
polarized waves and the antenna array should have sufficient directivity

1o give a width-to=thickneas ratio of at least four to one,.
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RECOMMENDATIONS COF THE AUTHCR

It is recommended that the Bureau of Air Commerce sponsor
further development work in the indusiry along the lines cutlined
jn "Projected Development" under "Fundamentel Elements end Projected
Development® to bring the equipment to a point of perfection which
will preclude the possibility of early obscleacence.

¥hen the above work has been carried %o the point where the
equipment meeis with the approval of all conmcerned with regard to
both operation and esse <.:f maintenance, 1t is recommended that the
Bureau of Alr Commerce purchase, install aml operate a nuﬁher of these
instrument landing systems at various airporis throughout ths United
States on an experimental basis.

It 18 further recommended that when this has been accomplished
the Bureaun carry out & long rengs program of blind landing development
and improvement similer to the program which has besn followed with

regard to development and improvement of radle ranges.
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