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The Development of the Civil Aeronautics Authority 
Instrument Landing Systen1 at Indianapolis* 

By W. E. JACKSON, 
Civil Aeronautics Authority, Washington, D.C., 

A. ALFORD, Associate A.I.E.E.,  and P. F. BYRNE, 
International Telephone Development Company, New York, N. Y., 

and 

H. B. FISCHER, 
Bell Telephone Laboratories, Inc. ,  New York, N«Y. 

/.-HISTORICAL AND GENERAL OBSERVA
TIONS 

Introduction 

T
HE most important problem in flying 
to�day is that of landing a 'plane under 
adverse weather conditions. A modern 

transport 'plane can take off and fly to the 
vicinity of its destination through nearly any 
type of weather by means of modern methods 
of air navigation. The use of the radio range, 
together with flight and navigation instruments, 
has made this possible. However, it is extremely 
hazardous to land aircraft with standard equip
ment under conditions of low ceiling and poor 
visibility. This limitation is the reason for the 
majority of flight cancellations of scheduled 
air transport. . 

Under poor weather conditions when landmg 
is permitted by present regulations, the diffi
culties in landing are still acute. It usually 
takes a 'plane as much as 15 or 20 minutes

_ 
to 

make a landing at a busy airport after bemg 
cleared to land by the airport traffic control 
tower. Concurrently, other 'planes will arrive 
at the cone of silence over the range station and 
will have to circle at various altitudes above the 
radio range and each await its turn to land. 
Thus it is possible that a 'plane may have to 
wait an hour or more before it is able to make 
a landing. When there is little fuel left, the 
problem becomes even more critical. 

Various methods of instrument landing have 
been attempted ; however, the most promising 
method is one which utilizes radio waves. 

These waves are used to give lateral guidance, 
vertical guidance and position "fixes." With 
the aid of such a system, the entire process of 
radio instrument landing would take from 4 to 
5 minutes. This would help to reduce the 
traffic ' congestion at an air terminal and avoid 
delay in landing. . If air transportation is to compete with other 
established modes of transportation, it must 
continue its safety record, and at the same time 
increase the regularity of scheduled Hight 
operations. This can best be done by the ad?p
tion of a standard reliable instrument landmg 
system. . . . The Civil Aeronautics Authority, reahzmg 
this to be the bottleneck of safe flying . under 
conditions of low ceiling and poor visibility, 
has endeavoured to overcome this difficulty by 
fostering the development of a suitable instru
ment landing system. In May, 1938, bids were 
issued on specifications covering the develop
ment of a system which would comply with the 
rigid requirements of airline service. The 
specifications were based on the development of 
the art of instrument landing prior to this date. 

Development of Instrument Landing 

The history of the development of instru
ment landing dates back approximately ten 
years. The first serious work on instrument 
landing was done by the Bureau of Standards 
for the Aeronautics Branch of the Department 
of Commerce in 1928. This system used a 
visual radio range beacon as a runway localizer, 
and marker beacons located on the course to 
inform the pilot of his location with n�spect to 

* Paper presented at the A.I.E.E. Winter Convention, the point of landing. The altitude was con
New York, N.Y., January 22nd-'.!6th, 1940. Reprinted by trolled by means of a barometric altimeter. permission of the A.I.E.E. 
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Using this system without the markers, 
Lieutenant J .  H .  Doolittle of the Daniel 
Guggenheim fund made the first successful 
instrument landing in history on September 
24th, 1929, at Mitchell Field. 

In 1929, Diamond and Dunmore of the 
Bureau of Standards proposed a method pro
viding guidance in the vertical plane using a 
constant intensity glide path. This, along with 
the runway localizer, gave a three-dimensional 
system. The runway localizer operated on 
278 kilocycles and utilized small multi-tum 
loops. The glide path operated on 90.8 mega
cycles and utilized a horizontally polarized 
array. The marker beacons used long low 
transmission line antennae operating on 3 105 
kilocycles. Installations were made at College 
Park in 1931 ; at Newark, New Jersey, in 
1933 ; and at Oakland, California, in 1934. 
The Newark and Oakland installations used two 
marker beacons, one at the airport boundary 
and one along the line of approach, some 
distance out from the airport. The system was 
designed to simplify the interpretation of the 
radio signals by the pilot. A single cross
pointer instrument provided visual runway
localizer and landing- beam course indications 
and distinctive modulation of the approach and 
boundary marker beacons was employed. On 
March 20th, 1933, a completely blind flight was 
made from College Park to Newark (except for 
a slight break over Baltimore), on a day when 
the weather grounded all other aircraft on the 
Atlantic seaboard. Altogether over a hundred 
blind landings were made at Newark. 

Test flights of the Newark installation indi
cated the practicability of the fundamental 
principles of the system and pointed toward 
further development. Reduction of cost of 
ground station equipment, elimination of bends 
in the localizer course due to presence of rail
road tracks, power lines, etc. , and increased 
slope of the landing path were desired. Since 
the localizer course is more susceptible to bend
ing at low frequencies, it was decided to use 
ultra-high frequencies for the runway localizer 
as well as the glide path. Tests were made on 
a combined runway localizer and landing beam 
operating on a single ultra-high frequency. 
Further study indicated that horizontal polariza
tion was preferable for the glide path. 

In 1933, the Airways Division of the Depart
ment of Commerce installed an instrument 
landing system using the conventional aural 
type radio range augmented by a radio marker 
and a sensitive Kollsman altimeter on the 'plane. 
The 'plane is guided over the radio range cone 
of silence which is approximately two miles 
from the field at a specified altitude, and from 
this point the pilot glides along the radio range 
course and over the marker to the field at a rate 
of descent of 400 feet per minute. This system 
was not considered feasible as an instrument 
landing system since the accuracy of the 
barometric altimeter is not great enough to 
prevent the possibility of undershooting or 
overshooting the airport. However, this is the 
system which is used at present for coming 
into airports under low ceilings. 

In 1932 and 1933, the Army Air Corps at 
Wright Field developed and tested a system 
utilizing a radio compass for guidance and a 
sensitive altimeter for checking the altitude 
over ultra-high frequency markers. Although 
installations were begun at a number of airportE 
throughout the United States, it was abandoned 
since a majority of the airlines felt that it did 
not give sufficiently precise indications for saf� 
commercial use. Its disadvantages were that 2 
barometric altimeter cannot be relied upon, and 
that a heading established by radio compass i� 
subject to error when cross winds are present 
The major advantage was that the system wm 
simple to fly and required a relatively shor1 
pilot-training period. 

In 1935, the Washington Institute of Tech
nology completed an instrument landing systerr 
with elements similar to those of the origina 
Bureau of Standards system. The grounc 
equipment, except the marker beacon, wa� 
mounted in an automobile trailer to permit tht 
operation of the system in any direction. Tht 
glide path transmitter operated at a frequenc� 
of approximately 93 megacycles, its antenn: 
array utilizing horizontal polarization. Th< 
localizer operated on 278 kilocycles and trans· 
mitted into small multi-tum loops, keying I ii 
one loop and A in the other. The A-I visua 
indication method was discarded in favour o 
a double modulator type of localizer ; that is 
modulating one loop at 65 cycles and the othe 
at 86.7 cycles. Originally, two separate powe 
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amplifiers were used, each of which was modu
lated at one of the two frequencies mentioned 
above. Each power amplifier independently 
excited one of the loops. Any change of output 
in either amplifier caused localizer course 
variations. To overcome this difficulty, a single 
power supply was used, and a mechanical 
modulator connected to the output of the tank 
circuit was used to supply each of the loops, one 
at 65 cycles and the other at 86.7 cycles. Thus 
any change in amplifier output varied both 
patterns, and the course alignment was not 
affected. This system was found to work quite 
effectively. The major disadvantage with this 
and all other systems using relatively low radio 
frequencies for the runway localizer is that 
bends and multiple courses may be obtained 
when operated in the vicinity of transmission 
lines, railroad tracks, mountains, and broken 
terrain. 

Transcontinental and Western Air, Inc. ,  in 
1935 developed a combination glide path and 
localizer unit at the Kansas City airport, using a 
frequency of 85 megacycles. Considerable 
difficulty was encountered due to variations in 
the glide path when crossing over a river. It 
was not until later that it was determined that 
vertically polarized waves were responsible for 
the discontinuity. 

In 1935, the Bureau of Air Commerce con
ducted further tests on several modifications of 
the basic Bureau of Standards system. It was 
decided to abandon keying systems for course 
identification in favour of a double modulation 
system, using 65 cycles in one loop and 86. 7 
cycles in the other, giving a visual indication. 
Later it was found that bent and multiple 
courses which prevailed at the low frequencies 
could be eliminated by the use of an ultra-high 
frequency localizer, provided care was exercised 
in locating the localizer with respect to reflect
ing objects such as hangars, gas tanks, towers, 
and buildings. 

In 1934 and 1935, Dr. E. Kramar of the 
Lorenz Company in Germany developed a 
blind landing system, using the same elements 
originally used by the Bureau of Standards, 
that is, glide path, runway localizer, marker 
beacons, and monitor system. The transmitter 
was operated on 33.3 megacycles, and excited a 
vertical half-wave radiator. On each side of 

the vertical radiator, a reflector was located 
with a relay at its centre. One reflector was 
keyed by dots and the other with dashes. By 
interlocking the dots and dashes, twq elliptical 
patterns were obtained, producing an equi
signal zone which gave two courses. A visual 
indicator was obtained by means of a rectifier 
circuit and amplifier. However, the indicator 
gave a kicking needle indication. The glide 
path was obtained by following a constant field 
intensity path. The outer marker was located 
about 1 .9 miles from the airport and the inner 
marker about 0.19 mile from the airport. Each 
of the markers transmitted on 38 megacycles, 
the outer marker modulated at 700 cycles and 
keyed with dashes four-tenths of a second long, 
and the inner marker modulated at 1 700 cycles 
and keyed with dots one-fifteenth of a second 
long. Each marker gave an aural indication as 
well as lighting an individual light on the 
instrument panel. A complete monitoring 
apparatus was provided. 

Through the courtesy of the International 
Telephone and Telegraph Corporation, one 
complete set of equipment was installed at the 
Indianapolis airport for test purposes. These 
tests indicated that approaches could be made 
to the field under conditions of poor visibility 
and low ceilings with good reliability. However, 
several limitations to this system were found. 
The radio range could be flown better aurally 
than visually. Originally, the course was about 
6° broad, the width desired in Europe. The 
pilots in the U.S .A. who flew this equipment 
felt that the courses were too wide. The course 
was reduced to 2°, but even further reduction 
was desired. 

Another difficulty observed was the fact that 
the glide path was smooth down to a point just 
beyond the end of the runway, at which point 
the glide path took a definite dive into the 
ground. The reinforcing steel in the runway 
was probably the cause for this abrupt change 
in the glide path. It was later determined that 
the use of horizontally polarized waves instead 
of vertically polarized waves could be used to 
eliminate this difficulty. 

The frequencies used, namely 33.3 and 38 
megacycles, are not believed satisfactory for a 
system which would be used universally, since 
reflection from the Heaviside layer would 
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occasionally cause interference between stations 
several thousand miles apart. The Lorenz 
system, however, had the advantage that the 
entire system operated on ultra-high frequencies 
which were free from atmospheric disturbances. 

In 1936 and 1937, United Air Lines and the 
Bendix Corporation constructed and tested a 
system having the same elements as the Bureau 
of Standards system, using a combined glide 
path and localizer transmitter operating on 
91 megacycles. Horizontally polarized waves 
were utilized, and to avoid directional effects a 
horizontal loop which had a non-directional 
characteristic was used for the receiving antenna. 
An automatic pilot was occasionally utilized in 
making instrument landings. This enabled the 
pilot to concentrate on the indications of the 
cross-pointer instrument and follow them more 
accurately. During 1936 and 1937 approxi
mately 3 000 hooded landings were made on 
this system. 

It is evident that a considerable fund of 
knowledge has been gained from the numerous 
systems which have been described. Many 
notable contributions have been made by 
Lorenz, the Washington Institute of Tech
nology, Bendix, United Air Lines, Trans
continental and Western Air, Inc . ,  and the 
various Government agencies which have 
worked on the problem. Each of the systems 
has its limitations, although some are better 
than others for making instrument landings 
consistently under service conditions. 

It was desired to set up specifications which 
could be used as the basis of a standard instru
ment landing system for installation on a national 
scale. The use of ultra-high frequencies was 
felt desirable, not only because of its freedom 
from atmospheric and inter-station interference, 
but because the present overcrowding of the low
frequency spectrum makes it impossible to 
procure frequencies for use in instrument 
landing on a national scale. This is in accord
ance with the general plan of the C.A.A. even
tually to operate the majority of air navigation 
aids on the ultra-high frequencies. 

Recornrnendations of the Radio Technical 
Cornrnittee for Aeronautics 

The matter was considered on December 
1 7th, 1937, at the Sixth Meeting of the Radio 

Technical Committee for Aeronautics, which is 
a co-ordinating group to recommend policies 
in regard to radio development as applied to 
aeronautics. The R.T.C.A. is made up of 
representatives from the airlines, manufacturers, 
and various Government agencies. The 
R.T.C.A. sub-committee on instrument landing 
made the following recommendations which are 
quoted here. 

(1 )  Runway Localizer 

(a) The runway localizer shall operate on an 
ultra-high frequency, preferably in the 
band 92-96 megacycles, or, if the localizer 
transmitter is operated as a separate unit, 
in the band 108-1 12  megacycles. 

(b) Straight course, i.e.,  one which has no 
bends or multiple courses perceptible to 
a pilot flying in still air. 

(c) The difference in the magnitude of the 
two patterns of the localizer shall be 
0.5 db. at 1 .5° either side of the centre 
line as measured with a linear detector. 

( d) The vertical needle of the cross - pointer 
indicator shall give a 10° deflection indica
tion for a 1 .9° angular deviation from the 
centre line of the runway. 

(e) The range of use as a runway localizer 
should be twenty miles at 3 000 feet. 

(f) Freedom from interference pattern effect� 
perceptible to the pilot both in elevation 
and azimuth. 

(2) Glide Path 

(a) The glide path shall operate on an ultra
high frequency, preferably in the band 
92-96 megacycles. 

(b) A smooth glide path shall be provided, 
i.e., one which is free from interferenct: 
pattern effects perceptible to the pilo1 
when on the localizer course. 

(c) The system shall be capable of adjustmen1 
to provide a suitable glide path. 

(3) Markers 

(a) The markers shall operate on 75 mega· 
cycles. 

(b) It shall be possible positively to identif3 
each marker both aurally and visually b3 
modulation and keying. Modulatior 
frequency of the inner marker shall bt 
1 300 cycles, and that of the outer marke1 
shall be 400 cycles. 

(c) A normal arrangement of markers woulc 
be. : 
( 1 )  At the normal intersection with tht 

glide path. 
(2) Near the boundary of the airport, the 

exact location to be determined b, 
local conditions. 

· 
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( d) Th� marker beacons shall have an array 
adjustable so that when installed in the 
boundary position the beam will cause 
useful indications of a visual device within 
700 feet either side of the on-course path 
and for 300 feet along the glide path 
trajectory. Indications from this marker 
shall be receivable to an altitude of 2 000 
feet. 

(e) The outer markers shall have sufficient 
power to accomplish a similar visual 
indication with the same beam pattern at 
2 000 feet. 

(4) Monitor System 
(a) Satisfactory means for indicating visually 

the operation of all equipment shall be 
provided at a central point. 

(b) Whatever form of visual indication may 
be employed shall be smooth in per
formance and have no irregular character
istics. 

(5) General Characteristics 

(a) Frequency of emission of all the elements 
of the system shall be equivalent to that 
obtained with a low temperature coefficient 
quartz crystal. 

(b) The number of fixed or portable equip
ments required will depend on conditions 
prevailing at individual airports. 

1J> LOCALIZ:ER TRANSMITT[R STATION 

lit GUDE PATH TR.AtJSM ITTfR. STATION 

Ill INNER MARKER BEACON STATION 

STATION DESIGNATIONS R.E.FER. TO 

APPROACH DIRECTION SERVED. 

/sE 
/. 

2 MILES TO OUTER MARKER 

USED FOR NW APPROACH. 

(c) The installation of the foregoing equip
ment shall not constitute an obstruction to 
a normal approach to a runway. 

(6) The installation of the best known type of 
approach and runway lights appears to be a 
most desirable measure in combination with 
instrument landing facilities. 

These are the basic recommendations which 
were used by the Bureau of Air Commerce in 
preparing specifications for the development of 
an instrument landing system. The Bureau of 
Air Commerce advertised bids, and in June, 
1938, awarded a contract to International 
Telephone Development Company, Inc. , to 
carry on this development. The complete 
experimental landing system provides facilities 
for landing in four directions. The equipment 
was installed at Indianapolis and was accepted 
by the Civil Aeronautics Authority in October, 
1939. 

II.-INDIANAPOLIS INSTRUMENT LAND
ING INSTALLATION 

Airport Facilities 

Four complete groups of instrument landing 

CONTROL.. 
'TOWER NE 

CIVIL AERONAUTICS AlllTHORITY 
EXPERIMENTAL STATION. 

L----1-----' -� Z MILES TO OUTER MARKER 
USED FOR SW APPR.OAtH. 

Fig. I -Indianapolis airport and instrument landing layout. 
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ANGL.!. 5UBTENCEt> 
STRAIGHT L.INE BY GLIOE PATH I 

authorities on the sub
ject that a straight line 
glide path, as described 

G�IDE PATH ANTENNA --...��:::;::::::i--- , --:::::: ==-::-:....--:-.�= ==-==-+----- - To S MILE POIN'T �UNWAV, -- -- ·�--
above, would be ideal 
because it could be 
flown with a constant 
throttle setting, and be
cause the path would 
clear local obstacles with 
a greater margin. After 

1 - - - -
C ONTACT POINT/ ' ' OUTER MARKER 

i\ llJIJEll. MARKEii. 

Leou""oAR.Y L.1>.iE 

Fig. 2-Location of straight line glide path array. 

transmitters have been installed at the Indiana
polis Municipal Airport permitting landings in 
any of four wind directions ; north-east, south
east, south-west and north-west (see Fig. 1 ) .  
Each landing direction requires the installation 
of four separate transmitters ; localizer, glide 
path, inner marker and outer marker. Each of 
these installations is connected to the airport 
control tower by telephone lines, so that the 
group of four transmitters for any of the landing 
directions can be turned on to meet local wind 
conditions. 

At the outset of the airport installations, the 
plans called for four installations of constant 
intensity glide paths of parabolic shape. This 
is a well-known type of path obtained by using 
a simple antenna with, preferably, a broad 
radiation pattern. The transmitter and radiators 
may be placed either off the end of the runway 
or to the side of the runway, but the latter 
position, if opposite or slightly forward from 
the far end of the runway, will usually place the 
contact point at a more favourable location near 
the beginning of the runway and give the 
'plane a longer space in which to land and roII 
to a stop. 

Glide Path Development 

Before these installations were complete, 
however, a system for producing a glide path of 
the constant intensity type, which is substantially 
straight from the outer marker to the point of 
contact, had been developed, and in order to 
test the new type of path an installation was made 
at Indianapolis in place of one of the parabolic 
glide path installations. 

Previous to the time of this test installation 
belief had been expressed by a number of 

a number of flight tests 
by competent p ilots, 

including air-line pilots, it developed that 
a path of this shape had too great a rate of 
descent at the contact point causing the 'plane 
to land excessively hard, which, if adopted, 
would cause the passengers considerable alarm 
and discomfort. After these and subsequent 
tests, it developed that the ideal shape for a 
glide path would be a substantially straight line 
from a point 1 500 feet at five miles from the 
airport to the airport boundary, whence the 
path would become slightly parabolic in shape, 
intersecting the runway surface at approxi
mately one degree. The path would pass over 
the outer marker, two miles from the airport 
boundary, between 500 and 700 feet elevation. 
A path of approximately this shape has since 
been produced at Indianapolis. 

The method by which constant intensity 
paths of various shapes, including the straight 
line and improved arrangements, have been 
produced involves locating the glide path 
antennae at a considerable distance to one side 
of the runway, and forward along the runway 

Fig. 3-Straight line glide path building and antenna 
array. 
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so that the various points along the glide path 
appear in different directions as viewed from the 
glide path antenna as shown in Fig. 2. In this 
way, the angle subtended by the glide path, as 
viewed from the glide path antenna, is opened 
up so that it becomes possible, by making the 
antenna directive in the horizontal plane, to 
proportion the radiation along the extent of the 
glide path and control the height of the path at 
the various points. Thus, for example, by 
sending less energy towards the outer marker 
the . glide path may be made higher there, 
and by sending more energy towards the 
five-mile point, the path may be lowered at this 
point. 

In Fig. 3 is illustrated the antenna system 
which produced an approximately straight line 
glide path from the outer marker to the point 
of contact. This system consisted of two ultra
high frequency loop antennae spaced approxi
mately one wave-length apart, fed 180 degrees 
out of phase with unequal amounts of energy, 
and located in front of a reflecting screen. The 
antenna system which produces the more 
suitable type of path involves the use of a greater 
number of elements to produce the required 
field pattern shape. 

The installation for the "straight line" glide 
path is located 1 350 feet off the centre line of 
the runway and 1 050 feet forward from the 
end. The parabolic curve glide path installa
tions are located 400 feet off the centre of the 
runway and approximately opposite the far 
end of the runway. 

Fig. 4-Localizer building and field monitor. 

Fig. 5-Interior of localizer building showing trans
mitter and mechanical modulator. 

Localizer Installation 

The localizer installation consists of a wooden 
building approximately 12 feet square located 
off the end of the runway, and a localizer monitor 
unit situated about 100 feet in front of the build
ing on a line with the runway (see Fig. 4). 
Inside the building are the localizer antennae 
mounted under and close to the apex of the 
roof, the localizer transmitter, the modulator 
unit, the voltage regulator, the service switches 
and telephone (see Fig. 5) . A large wire screen 
is placed horizontally across the inside of the 
building just below the antennae primarily to 
minimize the radio frequency field in the lower 
part of the building, in order to avoid induction 
of currents in, and consequent re-radiation 
from, the irregular objects below the screen. 
The transmitter and modulator units are 
mounted on the floor underneath the wire 
netting. 

Localizer Antennae 

Early work has shown that fewer common 
objects around an airport reflect horizontally 
polarized waves to the same extent as vertically 
polarized waves. Consequently, it is to be 
expected that, in general, cleaner patterns can 
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Fig. 6-Localizer array of U.H.F. loop antennae. 

be obtained with horizontally polarized waves 
than with vertically polarized waves. This 
point has been strikingly demonstrated at 
Indianapolis by making direct comparison 
between two localizers placed in the same 
location and having identical radiation patterns, 
the only difference being that one was hori
zontally polarized and the other vertically 
polarized. Both of these patterns were fairly 
broad, so that radiation was sent out to various 
surrounding objects which could re-radiate and 
superimpose their re-radiated fields on to the 
primary field. As a result of the addition of 
these fields, bends appeared in the course. The 
amplitude of the bends was considerably greater 
with vertically polarized radiation than with 
horizontally polarized radiation. In addition, 
recordings made of the field radiated in other 
directions led to the same conclusions. 

These tests showed that a greater number of 
objects in the field were more effectively reflect
ing the vertically polarized waves than the 
horizontal waves. These objects included a 
hangar, a power line, several buildings, a group 
of trees and several fences. While it is, of 
course, possible to find objects, for example 
horizontal wires, which will reflect horizontally 
polarized waves more effectively than vertically 
polarized waves, the fact remains that fewer of 
the common objects which are confronted in 
practice reflect the horizontally polarized waves 
to the same extent that they reflect the vertically 
polarized waves. 

In addition to the use of horizontal polariza
tion, it is very important to use pure polarization. 
If both vertical and horizontal components are 
present it is possible, with certain arrangements 
of the 'plane's receiving antenna, that either the 
main course appears displaced from its true 
location or, which is even worse, a new apparent 
course is obtained which would not be present 
if the _antenna were operating properly. This 
situation might arise if the receiving antenna 
were injured or improperly installed. It is 
apparent that the presence of vertical compo
nents with the horizontal components may 
actually be dangerous. 

Fig. 7-U.H.F. field patterns from localizer antenna. 

www.americanradiohistory.com

www.americanradiohistory.com


I N S T R U M E N T  L A N D I N G  S Y S T E M  293 

In addition to this, the presence of vertical 
components leads to an effect which has been 
referred to as "pushing" of the course. This is 
noticed when the 'plane is manceuvring to locate 
the course. The apparent course appears to be 
displaced depending on the orientation of the 
'plane and when the pilot attempts to turn into 
the course, he finds that it has disappeared. 
This effect, under some conditions, may amount 
to pushing the course as much as one mile off 
the true course at a distance of ten miles from 
the localizer, while with pure polarization this 
effect does not appear. 

In order to realize the advantages of horizontal 
polarization, a special antenna element was 
developed primarily for localizer use which 
radiates pure horizontally polarized waves in 
all directions. The field pattern in the horizontal 
plane is circular and in the vertical a figure of 
eight with zero radiation upward. This element 
is known as the ultra-high frequency loop 
antenna, three of which are shown in Fig. 6 
mounted under the roof of a localizer house. 
When these loop antennae are used in the 
localizer antenna system, the maximum vertical 
component throughout the entire field pattern 
does not exceed 5% of the horizontal component 
at that point. 

By using three of these elements arranged in 
line at right angles to the axis of the runway, it 
is possible to obtain a two-course radio range 
with patterns similar to those illustrated in 
Fig. 7. The course attained will be relatively 
broad, and there will be a substantial amount 
of radiation directed toward surrounding objects. 
While this pattern is suitable for relatively clear 
locations, and would be excellent for use as a 
radio range pattern where the antenna is located 
well above surrounding objects, such a pattern 
may not be entirely satisfactory in an airport in 
the presence of hangars, buildings, and other 
reflecting objects. For this application, a pattern 
which results in much sharper courses and much 
less off-course radiation is desirable in order to 
secure freedom from course irregularities. In 
order to produce a more suitable pattern, more 
radiators are required. Radiating systems with 
5, 6 and 7 elements have been used at Indiana
polis, and a localizer building with a 5-element 
array is shown in Fig. 4. The fourth and fifth 
elements, placed in line with the centre three, 

Fig. 8-Jnterior of localizer transmitter from rear. 

are located in the extensions built on to the ends 
of the buildings. These extra elements are 
parasitically driven. 

With the antenna systems outlined above, 
the courses produced at Indianapolis are entirely 
free of multiple courses ; the bends in any of 
the courses do not exceed 0 . 15 °, and these 
bends could be further reduced if not completely 
eliminated by the results of more recent 
localizer development work. However, since 
these bends are so small that they are barely 
perceptible on the cross-pointer instrument, 
further improvement is not warranted. Ex
perience has shown that unless bends exceed 
0.18° or more in amplitude, they are not 
objectionable. 

The two overlapping patterns in the radiated 
field give side indications of the guiding path 
which may be easily located at distances of 
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twenty miles from the airport boundary. The 
course can be picked up at a distance of seventy 
miles from the airport while flying at an eleva
tion of 4 000 feet or over. 

The four localizers installed at Indianapolis 
have various degrees of sharpness ; the sharp
ness being the ratio in db. of the field strength 
of the 90-cycle and 150-cycle patterns at 1 .5° 
off course. The sharpest of the patterns 
exceeds 6 db. ,  while others range in the neigh
bourhood of 2 db. 

The courses are straight and reliably stable ; 
maintaining their alignment to within one-tenth 
of one degree under all normal weather 
conditions. 

Localizer Modulator 

The localizer modulator is a mechanical 
modulator constructed to furnish modulated 
radio frequency energy for the two overlapping 
localizer field patterns (see Fig. 7). Inasmuch 
as the position of the localizer course is largely 
dependent on the relative amplitude of the two 
field patterns, the mechanical type of modulator 
is used because of its inherent stability and 
freedom from ageing such as would be found in 
vacuum tube modulators. The modulator 
divides the output of the localizer transmitter 
equally, modulating one-half of the power at a 
90-cycle rate and the other half at a 150-cycle 
rate. Bridge networks, built into the modulator, 
divide the transmitter output and prevent 
crosstalk or inter-action between the 90- and 
150-cycle modulator sections, as well as feed 

the carrier and side bands with proper amplitude 
and phase to the three main localizer antenna 
radiators. Controls are provided in the unit for 
adjusting the position of the course with respect 
to the runway. 

The normal percentage of modulation 
obtained with the mechanical modulator ranges 
between 95 and 100%, although any per
centage below this range may be obtained. The 
radio frequency modulated envelope shape from 
either the 90 or the 1 50 modulator section, 
independently, is such that the audio frequency 
distortion as measured in the output of a non
distorting detector does not exceed 10%, and 
normally ranges close to 6%. Cross modula
tion between channels does not exceed 4% ; 
this percentage being the per cent. of 1 50-cycle 
modulation appearing in the 90-cycle channel 
or the per cent. of 90-cycle modulation in the 
150-cycle channel. 

Localizer Transmitter 

The rated power output of the localizer 
transmitter is 300 watts, unmodulated, on a 
frequency of 109.9 megacycles (see Figs. 5 and 
8) . The transmitter operates from 220 volts, 
single-phase, 60 cycles, and receives its entire 
power of approximately 2 000 watts through a 
voltage regulator which holds the voltage within 
plus or minus 1 % for all normal feeder variations. 

The transmitter is crystal-controlled from a 
4 579. 17 kilocycle temperature-controlled crystal, 
and the crystal oscillator tube functions also 
as a frequency multiplier. Three frequency 

multiplier stages fol
low the crystal oscil
lator tube to produce 
the output operating 
frequency. In order 
to raise the output of 
the final multiplier to 
the rated transmitter 
output level, the last 
two stages are push
p u 1 1  a m p l i f i e r s  
operating on the out-
put frequency. 

· 

Fig. 9-Jnner marker installation showing transmitter house, counterpoise and antennae. 

In order to ensure 
reliable operation of 
the transmitter dur
ing cold weather, the 
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ventilating and mo dulator 
motors are electrically heated 
to maintain their bearing tem
perature above the freezing 
point. Special lubricating oils 
which remain viscous to very 
low temperatures are used in 
the bearings of contactors and 
other mechanical parts. The 
circuit breaker dash pot also 
contains a special fluid which 
remains viscous down to the 
low temperatures in which this 
unattended equipment will be 
required to operate. 

The transmitter contains con
trol relays so that it can be 
operated from the tower. A 
monitoring arrangement is pro-
vided which operates in con-
junction with the field monitor (described 
below) so that the position of the course with 
respect to the runway, as well as the strength 
of the radiated patterns, may be ascertained 
from meters located on the front of the 
transmitter. 

Localizer Monitor 

In order to monitor the operation of the 
localizer installation from the control tower, a 
"localizer monitor" is installed about 100 feet 
from the localizer building on a line between the 
latter and the end of the runway, as shown in 
Fig. 4. The monitor contains an insensitive 
receiver which operates a course-indicating 
instrument in the localizer t1 ansmitter and a 
duplicate instrument in the control tower desk. 
The indication is the same as would be obtained 
from the vertical needle in the cross-pointer 
instrument of an airplane were it stationed at 
the monitor site. The monitor facilities are 
adjusted to indicate the extent of off-course 
deviation in fractions of one degree. 

Underground Localizer Installation 

In one localizer installation where insufficient 
space was available off the end of the runway, 
making it necessary to locate the building close 
to the runway, the equipment was installed in a 
concrete pit below ground level to lower the 
building height and reduce the hazard. The 

Fig. IO-Marker transmitter. 

floor of the pit 1s approximately 8 feet below 
ground level, and accommodates the same 
equipment as the normal building with the 
addition of the high tension distribution trans
former. The pit is covered by a wooden 
structure shaped like the roof of the normal 
localizer building. Under the roof are the 
localizer antennae situated about 6 feet above 
ground level (see Fig. 6). The only additional 
equipment required for this installation is a 
sump pump to protect against the possibility of 
water gathering in the pit. 

The lowering of the antenna system close to 
the ground in this installation in no way affected 
the operation of the localizer, except that the 
distance from the airport at which the course 
could be picked up was somewhat reduced. 

Glide Path Installation 

There are two types of glide path installation 
at Indianapolis ; the installation for producing 
a parabolic path, and the installation for pro
ducing a straight line path. In both installations, 
the transmitter is located inside a wooden build
ing approximately the same size as the localizer 
house. The antennae for the straight line in
stallation are erected outside the building, as 
shown in Fig. 3, while the antennae for the 
parabolic installation are erected inside the 
building. The antennae for the latter installa
tion consist of two half-wave radiators fed in 
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Fig. 1 1-Monitor and control desk in airport control 
tower. 

phase and mounted horizontally end to end along 
one wall about 10 feet above the floor. A 
vertical wire screen the length of the building, 
and extending from the roof to about 5 feet 

above the floor, is located one-quarter wave
length behind the antennae. The building is 
so oriented that the maximum of radiation is 
directed towards the approach end of the 
runway served by the installation. 

Glide Path Transmitter 

The glide path transmitter 1s identical in 
construction and size with the localizer trans
mitter, except that it operates on a frequency of 
93.9 megacycles ; requires a crystal with a 
frequency of 3 912.5 kilocycles ; the output is 
modulated at 60 cycles and no monitoring 
facilities for use with a field monitor are 
required. The 60-cycle modulation is accom
plished by applying 60-cycle plate voltage to 
the two tubes in parallel in the output stage. 
Means for adjusting this voltage are provided in 
the transmitter, so that the field strength along 
the constant intensity path can be adjusted. In 
general, the field strength for all constant 
intensity paths must be identical at a given 
height over the outer markers. 

Marker Installation 

Marker beacon installations consist, mainly, 
of a small waterproof 

Fig. 12-Airplane instrument panel showing cross-pointer instrument and marker lamps. 

aluminium h o u s e  
situated alongside a 
wire screen counter
poise 20 feet square, 
over the centre of 
which are located two 
half - wave radiators 
mounted end to end 
(see Fig. 9) . The 
waterproof house is 
approximately 3! feet 
long, 2! feet wide and 
3 feet high, with a 
sloping roof, mount
ed above ground on 
angle legs. The wire 
screen is supported 
by an angle frame
work and also mount
ed above ground on 
angle legs. Concen
tric gas-filled trans
mission lines joining 
the waterproof house 
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with a matching box 
located between the 
ends of the radiators, 
are used for feeding 
the marker trans
mitter output to the 
radiators. 

The marker trans
mitter and its asso
ciated line voltage 
regulator, along with 
a telephone box and 
cable terminal, are 
mounted inside the 
waterproof house. 
The transmitter is 
mounted on a sliding 
shelf so that it can 
be easily pulled out 
of the small house 
for servicing while in 
operation. Whilst in 
this position, com
plete access may be 
had to all parts of 

Fig. 14-U.H.F. loop antenna for reception of localizer and glide path indications 
mounted on top of airplane. 

the transmitter. 
The installation is oriented so that the end-on 

radiators are parallel to the centre line of the 
runway. In this way, the major axis of the 
elliptically-shaped pattern in the horizontal 
plane is at right angles and situated over the 
runway centre l ine. In outer marker installa
tions, the radiators are located one-quarter 
wavelength over the counterpoise, whereas the 
radiators in the inner marker installation are 
only one-eighth wavelength above the counter-

Fig. 13-Cross-pointer instrument. 

poise. In the latter installation, where the 
equipment is located close to the end of the 
runway, the maximum overall height of any 
piece of equipment does not exceed 4 feet. 

Marker Transmitters 

The marker transmitters are approximately 
18 inches high, 27 inches wide, and 15 inches 
deep (see Fig. 10). The transmitter is built as 
a single portable unit, containing all radio 

frequency and power 
supply circuits, audio 
oscillator and modulator, 
keying and monitoring 
equipment. All electrical 
connections are made to 
the transmitter through 
easily-removed plugs. The 
rated output of the trans
mitter is 5 watts on 75 
megacycles, and the carrier 
frequency is stabilized by a 
crystal on 4 166. 7 kilocycles. 

In the R.F. stage line
up, the crystal oscillator 
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Fig. IS-Runway localizer receiver. 

tube serves as a frequency multiplier, in addition 
to its duty as an oscillator. Following the 
oscillator stage are two frequency multipl ier 
stages and one amplifier stage operating on 
carrier frequency. The radio frequency carrier 
in the outer marker transmitter is modulated 
with 400 cycles, keyed so as to produce equal 
length pulses at the rate of two per second. The 
inner marker carrier is modulated with 1 300 
cycles, and keyed so as to produce equal length 
pulses at the rate of six per second. Keying of 
the modulating voltage is accomplished with 
electrical contacts mounted on a small electric 
motor located within the transmitter. The 
motor operates on a low D.C. potential, and 
requires a relatively small amount of power 
from the D.C.  plate supply source. The motor 
is especially designed and constructed for 
reliable operation in the extreme temperature 
ranges of minus 40° C. to plus 75° C. in which 
the marker equipment is required to operate. 

The transmitters are intended for remote 
operation and monitoring from the airport 
control tower. A monitor unit is built into the 
transmitter which returns a signal to the tower, 
where correct operation may be observed. The 
monitor signal returns over one pair of telephone 
wires, which also carries D.C. for controlling 
the transmitter, as well as voice and ringing 
frequencies for telephone service between tower 
and marker. 

Equipment Control 

The airport tower is equipped with a monitor 
and control desk by which the tower operator 

can select landing directions at will (see Fig. 1 1  ) .  
Calibrated instruments and signal lamps give 
quantitative and qualitative indications of the 
various transmitters. These indicators are 
operated by the transmitter monitors and field 
monitors, and indicate the position of the glide 
path, alignment of the runway localizer courses 
and correct operation of the marker transmitters. 
If the output of any transmitter falls below a 
predetermined level, visual and aural alarms 
indicate the trouble. The alarms also operate 
if the runway localizer course should shift 
sufficiently to cause an airplane following the 
course to land off the runway. 

The top of the desk is a pictorial map of the 
airport showing clearly the position of the 
various runways and transmitters. Coloured 
signal lamps represent each transmitter, and 
are lighted when the corresponding transmitters 
are in operation. At the head of each runway 
is located a translucent miniature airplane which 
is lighted to show the direction of approach. 

A pen recorder incorporated in the unit 
supplies a permanent record of the operation 
of the system. This instrument records the 
elapsed time a runway has been in operation, 
the output of each transmitter, and the localizer 
course alignment. This multiple function is 
accomplished with a single pen by recording 
successive short intervals of the operation of 
each unit. 

Telephone wires emanating from this desk 
and terminating at the field installations provide 
means for starting and stopping the equipment, 
as well as monitoring the operation of the 
equipment. Telephone type cables were laid 
on the airport property to provide wire connec
tions between the control tower and the 
localizer installations, glide path installations 
and the inner marker installations. Telephone 
lines from the control tower to the outer marker 
positions are provided by the local telephone 
company. 

The outer markers, which operate from the 
1 15-volt mains, receive their power from the 
local power company mains closest to the in
stallation site. Power for operation of the 
localizer, glide path and inner marker equip
ment is fed from the control tower at 2 300 volts 
in high tension cables which are also laid on 
the airport property. 
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III.-AIRPLANE INSTRUMENT LANDING 
RECEIVING INSTRUMENT 

Airplane Facilities 

In order to utilize the various signals sent by 
the transmitters on the ground, the pilot 
observes the position of the two needles of a 
cross-pointer meter, and also notes when either 
of two marker indicator lamps is illuminated. 
A view of a typical airplane instrument panel, 
showing the location of the meter and the lights, 
is shown in Fig. 12, while a view of the cross
pointer meter is shown in Fig. 13.  The two 
needles of the meter are operated by the outputs 
of two special radio receivers which receive the 
transmissions from the glide path and the 
runway localizer transmitters. Three indicator 
lights are operated from the output of the marker 
beacon receiver. Two of these are used in 
connection with the instrument landing system, 
and show when the 'plane is over the outer 
marker and the inner marker. The other light 
shows the pilot when he is over one of the fan 
markers located at important points along the 
airway, or over the towers of the radio range 
transmitting station which are equipped with 
cone of silence markers. The marker beacon 
receiver is in continuous operation during the 
course of a flight as it has other important uses 
in addition to its part in the instrument landing 
procedure ; while the glide path and the localizer 
receiver are used only while making an instru
ment landing. 

One antenna, shown in Fig. 14, is used to 
receive both the runway localizer and the glide 
path signals. This antenna is of the horizontal 
ultra-high frequency loop type tuned to 93.9 

ANT. 

GIJD. 

CRYSTAL CONTROL.LED 
SEATING OSCILLATOR 

V 3  

and 109.9 megacycles, and is designed to receive 
horizontally polarized waves. As mounted on 
a ' plane it has an essentially circular horizontal 
reception pattern. A horizontal dipole antenna 
mounted underneath the 'plane is used to receive 
the marker beacon signals. 

In common with all receivers designed for use 
in airplanes, the receivers for this service must 
be compact, lightweight and rugged. In 
addition to these basic requirements, the 
demands of this new service impose a very 
rigorous requirement for stability of operation. 
In spite of wide variations in ambient tempera
ture, humidity and primary power supply 
voltage, the characteristics of the receivers must 
remain substantially constant, as any variation 
during the landing manreuvre will result in an 
apparent change in the path. The principal 
characteristics of these three receivers are 
described in the following sections. 

Runway Localizer Receiver 

This receiver, a front view of which is shown 
in Fig. 15, employs a superheterodyne circuit, 
and has a crystal-controlled beating oscillator 
for operation at a fixed frequency of 109.9 
megacycles. As explained in a previous section 
of this paper, the runway localizer transmitter 
is continuously modulated with 90-cycle and 
150-cycle tones. In order to ensure that there 
is no apparent error in the course, it is essential 
that the relative gain for these two modulation 
frequencies remains constant. 

A simplified schematic of the circuit arrange
ment is shown in Fig. 16. The radio frequency 
input is applied to the control grid of the first 
detector VI , while the beating oscillator voltage 

V4 v s  V G  

Fig. 16-Simplified schematic of runway localizer receiver. 
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Fig. 17-Selectivity of runway receiver. 

is impressed on the screen grid. The output 
of the tube is fed to a three-stage intermediate 
frequency amplifier system operating at a 
frequency of 10 megacycles, and having four 
inductively - coupled, double - tuned circuits. 
These highly selective circuits, in connection 
with the tuned input circuit, provide the radio 
frequency selectivity shown in Fig. I 7. The 
output of the intermediate frequency system is 
fed to diode DI of the detector tube VS and the 
audio frequency voltage developed across the 
diode load resistance RI is impressed upon the 
grid of the triode section of this tube. The 
amplified audio frequency output appearing 
across the cathode resistance R2 is applied to the 
grid of the second audio frequency amplifier 
tube V6. The plate of this tube is connected 
to the double band pass audio frequency filter 
which separates the 90-cycle and the ISO-cycle 
components of the signal modulation. Two 
copper oxide rectifiers containing selected and 
balanced units are used to rectify the two audio 
voltages for operating the vertical needle of the 
cross-pointer meter. In order to compensate 

for any unbalance which exists in the audio 
frequency filter due to temperature variation, a 
temperature-sensitive resistance element RTI 
having a high negative temperature coefficient 
is connected across one of the rectifier load 
resistors. 

Signals received from the localizer transmitter 
vary over a wide range of intensity as the 'plane 
approaches the airport, and therefore a wide 
range automatic volume control system is 
required to maintain a nearly constant audio 
output. The control grids of the intermediate 
frequency amplifier tubes V2 and V3 obtain 
their normal minimum bias from the drop 
across resistance R3 and the gain adjusting 
potentiometer PI . When a signal is received, 
the automatic volume control circuit increases 
the bias applied to the control grids in 
proportion to the signal level applied to the 
receiver. An increase in signal results in an 
increased negative bias on the grid of VS which 
reduces the plate current of the triode section 
flowing through the cathode load resistance R2. 
The voltage drop across the resistance is reduced 
and the potential of the cathode of VS is 
lowered until it becomes more negative than the 
normal bias applied to diode plate D2 of the 
VS. At that point, diode D2 draws current 
which flows through R4, and the voltage drop 
across that resistor is added to the normal bias 
to secure automatic volume control on the grids 
of V2 and V3. Bridged across the minimum 
bias resistor is another temperature-sensitive 
element RT2 which causes the bias voltage 
appearing across R4 to decrease with increasing 
ambient temperature in order to maintain 
nearly constant receiver gain. 

Glide Path Receiver 

This receiver, which is quite similar in 
appearance to the localizer receiver, is a crystal
controlled superheterodyne set operating at a 
fixed frequency of 93.9 megacycles, intended 
for the reception of tone-modulated continuous 
wave transmission from the glide path trans
mitter located at the airport. It is essential 
that the overall receiver gain remain practically 
constant for a wide range of variation of tempera
ture, battery voltage and humidity, as the 
determination of the path of descent of the 
airplane is based upon a fixed receiver sensi-
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tivity. In order to meet these requirements, 
voltage regulators, ballast lamps and tempera
ture-sensitive resistance elements are Ut;ed 
within the unit. 

Marker Beacon Receiver 

This receiver, a photograph of which is 
reproduced in Fig. 18, is a crystal-controlled 
superheterodyne unit operating on a fixed 
frequency of 75 megacycles, and arranged to 
provide both visual and aural indication of the 
signal being received. 

Visual indications are provided by three 
indicator lamps mounted on the airplane 
instrument panel. As previously pointed out, 
two of the lamps are used for instrument land
ing purposes, and the third is used to indicate 
the position of fan markers and cone of silence 
markers. The modulation frequency for the 
latter · is 3 000 cycles ; the inner and outer 
markers employ 1 300 and 400 cycles respec
tively. 

Three filters are provided in the receiver to 
separate the 400, 1 300 and 3 000-cycle modula
ting tones. The output of each filter is applied 
to a copper oxide rectifier, and the resulting 
current flows through a direct current winding 
on a saturable core reactor. An alternating 

current winding, also on this core, is in series 
with the indicating lamp and the lamp voltage 
supply source. When the impedance of the 
reactor is lowered by saturation due to the 
direct current, sufficient alternating current 
flows to operate the lamp. 

IV.-RESULTS 

After the equipment was installed, a meeting 
of the Radio Technical Committee for Aero
nautics was held at Indianapolis in September, 
1939, for the purpose of demonstrating the 
equipment to the members, and to determine 
if the system developed was suitable for airline 
use. The committee unanimously agreed that 
the General Radio Technical Committee for 
Aeronautics specifications had been complied 
with fully. However, in view of the improve
ment in the glide path which was demonstrated 
as being entirely feasible, the airline pilots 
present felt that neither a straight line nor a 
curved glide path was entirely satisfactory, and 
made the following recommendations as to the 
most desirable shape of the glide path when on 
the localizer course : 

"A glide path intersection shall be obtained 
at 1 500 feet altitude at a distance of six miles 
from the transmitter end of the runway. The 

Fig. 18-Marker beacon receiver. 
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point of contact shall be not closer than 3 000 
feet from the far end of the runway. At the 
point of contact the glide path shall have an 
angle with the runway not less than one degree 
and not more than two degrees. The glide 
path shall pass through the following points 
not less than 500 feet nor more than 700 feet 
altitude at a distance of three miles from far 
end of runway, and 1 500 feet altitude at six 
miles. The rate of descent shall not exceed 
800 feet per minute . "  

Further work has been conducted by the 
International Telephone Development Com
pany, which has succeeded in demonstrating a 
glide path meeting the pilots' recommendations. 

Approximately fifty hooded landings have 
been made in various types of aircraft such as 
Douglas DC-3, Boeing 247 and Waco N. 
Numerous instrument approaches have been 
made under conditions of heavy rain, snow, 
low ceilings and poor visibility. A programme 
of flight training and testing is being organized 
in order that the airlines, army and navy may 
flight-test the equipment, either under the hood 
or under bad weather conditions. 

The Civil Aeronautics Authority is planning 
to instal a number of similar systems throughout 
the United States in the near future for service 
tests and pilot training. 

V.-CONCLUSION 

( 1 )  To  effect precise landings with a minimum 
of effort on the pilot, experience has shown 
that four separate elements are advan
tageous, a localizer to furnish lateral 
guidance, a glide path to provide the path 
of descent, and two markers to indicate 
the progress along the course determined 
by the localizer and glide path. 

(2) Ultra-short waves may be successfully 
employed to provide both horizontal and 
vertical guidance as well as marker indica
tions. 

(3) Localizer courses must be much sharper 
than heretofore employed, to avoid mutila
tion by reflections. The . difference in 
amplitude of the patterns should be at 
least 2.2 db. ,  1 .5° off course in the majority 
of installations. This is approximately 
four times sharper than stipulated in 
specifications of the Radio Technical Com
mittee for Aeronautics. In some instances 
it is necessary to have a sharpness as great 
as 6 db. in order to eliminate bends in the 
course. 

(4) Localizer polarization must be pure to 
secure independence of the aircraft antenna 
characteristics and direction of approach 
of the airplane to the localizer course. 

(5) The localizer should be independent from 
the glide path in order to permit its in
stallation well beyond the end of the 
runway, so that it is not a hazard to aircraft 
landing or taking off. 

(6) Experience has indicated that the two
course localizer is inherently more simple 
to use than localizers with four or more 
courses. 

(7) It is advantageous for the glide path to be 
of a controllable type, so that path shape 
can be adjusted during installation to 
accommodate the landing characteristics 
of aircraft. 
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