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Development of Aircraft Instrument Landing Systems 
By H. H. BUTTNER and A. G. KANDOIAN 

Federal Telephone and Radio Laboratories, New York, N. Y. 

Editor's Note: Aircraft and ground two-way radiotelephone communication and radio range systems 
of navigation-two fundamental contributions of radio to aviation-were achieved relatively early in the 
history of air transportation. A third contribution-instrument landing of airplanes-is reviewed in 
this paper. Work of major importance was done by Diamond and Dunmore of the U. S. Bureau of 
Standards in the years 1928-30. Since 1.938, extension of their work to a practical conclusion has been 
the privilege of the Federal Telephone and Radio Corporation,* a subsidiary of the International Tele
phone and Telegraph Corporation, with contributions from its associate companies. Recent experiences 
under actual operating conditions with numerous airport installations, both fixed and mobile, hm1e pro
duced extensive information on the effects of reflections of radio waves and their control in air navigation 
work. The complete practicability of the present instrument landing system has been confirmed. An 
engineering paper on this subject is being prepared by Sidney Pickles for early publication in this journal. 

D EVELOPMENT of navigational aids 
to facilitate landing of aircraft expe
ditiously during all conditions of low 

visibility has not kept pace with the rapid ad
vances which haYe been made in aviation in the 
last twenty-five years. Commercial and military 
aviation will achieve its future potentialities only 
if complete independence of the weather can be 
realized so that saturation of traffic and con
fusion of schedules in periods of low visibility 
may be eliminated. Military operations on an 
extended scale require that large numbers of 
aircraft be able to take off from a fog-shrouded 
field, assemble above the overcast, proceed on 
their mission, return to the base, and land with
out extended periods of "holding." 

That much progress has been made during the 
war on this problem, so vital to the future of 
aviation, has been revealed in an article by 
Lieutenant Colonel F. L. Moseley1 describing the 
instrument landing system known as the SCS-51, 
adopted by the Army Air Forces as a standard, 
and now widely employed in its far-flung opera
tions. The system was adopted following its suc
cessful demonstration and comparison with other 
systems in 1942 at Pittsburgh and other airports. 
At Bryan, Texas, one installation has more than 
4,000 hours to its credit. 

The SCS-5 1 is based on developments carried 
on by International Telephone Development 
Company between 1938 and 1941 at Indian
apolis. This company later became a part of 

* Including a predecessor company, the International 
Telephone Development Company. 

1 See references at end of article. 

the Federal Telephone and Radio Corporation, 
manufacturing subsidiary of International Tele
phone and Telegraph Corporation. The develop
ments resulted in the so-called Indianapolis2 or 
CAA-RTCA3•4 instrument landing system in
tended primarily for civil aviation applications. 

The growth and progress of the art that led 
to the technique making the present system 
practical will be traced before describing the 
apparatus itself. In this connection the history 
of instrument landing presents an anomalous 
situation in which the completion of a system 
as a whole was retarded by the rapidity of de
velopment of its component parts. Whenever 
any landing system appeared to be on the verge 
of being adopted, new radio engineering con
cepts of promise appeared, and adoption was 
postponed to incorporate the new concept. A 
probable new and better arrangement was for
ever "around the corner" and no system was 
adopted in the U. S. A. until the imminence of 
war made further postponement unwise. 

Early Developments 

The problem of developing a dependable sys
tem to guide an airplane down on the runway 
for a successful landing under adverse weather 
conditions has occupied the attention of engi
neers and inventors since the first days of flying 
machines. Many ingenious conceptions were 
tried, including the use of powerful lights in the 
visible spectrum, infra-red rays, magnetic fields, 
and fog-dispelling chemicals. It was soon de
termined, however, that radio waves provided 
the most promising medium by which the 
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Airplane -used in flight testing the SCS-51 equipment. 

operation of an instrument landing system could 
be made practical. 

The early efforts to solve the complete instru
ment landing problem soon resolved themselves 
into three more or less separate problems, two 
of primary importance and the third of compara
tively lesser difficulty and importance. 

The first major problem is that of providing 
horizontal guidance to the pilot to enable him 
to locate the landing field and line up the airplane 
flight axis with that of the runway on which the 
landing is to be effected. This, in essence, con
stitutes the localizer problem. 

The second major problem is that of providing 
vertical guidance to the pilot so that he may 
descend at a suitable glide angle to the point of 
contact. This is the glide-path problem. 

The third problem, secondary to the above 
two in importance, is to provide marker beacons 
at fixed points along the course of the airplane 
to the landing field and to the point of contact. 
These marker signals act as landmarks to enable 
the pilot to check the path of the instrument 
approach at one or more well-defined points. 

Various solutions were attempted for the 
localizer problem. One method involved the use 
of " leader cables" buried in the ground in and 
around the airport property. The airplane fol
lowed the magnetic intensity of the field from 
these cables. Another system involved fixed 
marker radiation from the ground, lined up with 
the runway, and direction-finding apparatus in 
the plane, to enable the pilot to line up the 
markers for horizontal guidance. All of these 

systems, however, were unsatisfactory for vari
ous reasons. 

By far the most important early development 
that contributed to the solution of the instrument 
landing problem was the radio beacon or range,5 
developed for and installed on the civil airways 
for point-to-point flying in the middle twenties. 
These radio ranges operated at low frequencies 
(below 500 kilocycles) and established fixed 
courses by means of the familiar overlapping 
figure-of-eight radiation pattern. The well
known aural A and N interlocking modulation 
provided the course indication of the range. 
For localizer application , the two mutually per
pendicular loops giving the overlapping figure
of-eight patterns were provided with the same 
carrier frequency but different modulation fre
quencies, which actuated two vibrating reeds in 
the airplane receiver to indicate relative ampli
tude of these two intensities. Equality of vibra
tion of the two reeds defined the localizer course. 

A really satisfactory glide-path system was 
not attained in the early stages of the art. One 
system obtained guidance from "leader cables" 
based on the inverse relation of the magnetic-field 
intensity with height but was subject to errors 
resulting from the banking and turning of the 
plane. Other systems were based on sensitive 
altimeters of the barometric, electrical , and sonic 
types. Each, however, proved faulty and made 
a reliable instrument landing system based on 
them unfeasible. 

The marker-beacon arrangement at no time 
constituted a major problem and many feasible 
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solutions were proposed. All that is  required is  a 
vertical radiation at one given location. Actually 
the best marker beacons can be built at ultra-high 
frequencies for which directive antennas are most 
practical. However, even at frequencies as low as 
3 105 kilocycles, or lower, fairly satisfactory 
marker indicators have been developed. 

Despite the aforementioned difficulties, by far 
the most serious of which was the glide path, 
instrument or "blind" landings were achieved 
successfully as early as 1929 by Lieutenant J. H. 
Doolittle (now Lieutenant General Doolittle) 
of the David Guggenheim Fund for the Promo
tion of Aeronautics. These landings were made 
in tests carried out at Mitchel Field. Lieutenant 
Doolittle's airplane carried, in addition to the 
radio aids outlined and the then-conventional 
aircraft instruments, an artificial-horizon instru
ment, a directional gyroscope, and a sensitive 
barometric altimeter graduated in 10-foot inter
vals. The artificial horizon at all times gave the 
attitude of the airplane with respect to the true 
horizon, and the directional gyroscope was em
ployed first to find the localizer beam and then 
to maintain a straight course on the beam . The 
altimeter was utilized to determine height to the 
greatest possible accuracy by adjusting it to the 
field barometric pressure as reported by two-way 
radio ; this instrument still had an error of 30 to 
40 feet .  The landing procedure, therefore, con
sisted of holding the airplane in a fixed angle of 
glide until contact with the earth was made, the 
landing gear taking up the shock. 

Since commercial aeronautics then consisted 
largely of passenger travel, any landing system 
which did not provide a smooth and gentle land
ing was not considered feasible. It was accord
ingly determined that some means were required 
of ascertaining the absolute altitude of the air
plane at all times during landing or, alterna
tively, positive guidance on the correct glide 
path down to the runway must be provided. 

Diamond and Dunmore System 

The Aeronautics Branch of the Department of 
Commerce at the Bureau of Standards began re
search on radio systems for instrument landing 
in 1928. These pioneering investigations are de
scribed in an enlightening paper by Diamond 
and Dunmore. 6 

A review of their work in the light of sub
sequent developments shows that a remarkable 
engineering advance was made in the instrument 
landing field through the efforts of this group in 
the short space of two years ( 1928-30). They 
produced the first complete radio three-dimen
sional instrument landing system. They investi
gated the separate problems of localizer, glide 
path, marker beacons, types of indicators for 
aircraft, and many related problems; they de
vised the equivalent of the present cross-pointer 
instrument for localizer and glide-path indica
tion. They also introduced ultra-high frequencies 
(60 to 100 megacycles) and the use of sharply 
directive (beam) radiation patterns. 

Although the ultra-high frequencies and the 
sharply directive patterns were used in an effort 
to establish an overlapping equi-signal type of 
glide path, these tests were not successful .  Never
theless, they gave rise to a fundamental discovery 
that resulted in the development of the constant
intensity type of glide path. 

The constant-intensity type of glide path is 
based on the electromagnetic propagation char
acteristic of a source of radiation located near 
the ground. The constant-field-intensity lines 
from such a source form a family of parabolas 
directed outward and upward from the source, 
provided two conditions are met : 

1. Only two waves of propagation exist, the 
direct and the ground-reflected wave. This 
condition was met by the use of ultra-high 
frequencies. 

2 .  The ground is essentially a perfect reflector. 
This second condition is met satisfactorily 
only if horizontal polarization is used. 

It is interesting to note that, in later work by 
other investigators, the Diamond and Dunmore 
type of glide path was attempted with vertically 
polarized radiation. The results were unsatis
factory, for with vertical polarization the nature 
of refiection from the ground changes markedly 
as a function of the vertical angle and also 
changes with the type of ground surface, buried 
cables, etc. 

In the Diamond and Dunmore system, a 
localizer at 278 kilocycles-essentially similar to 
the radio ranges for point-to-point navigation
was used for horizontal guidance. The flight 
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procedure was for the pilot to follow the localizer 
until a certain reading was obtained on the out
put indicator of his glide-path (90.8-megacycle) 
receiver. At this point he began his descent, 
always adjusting the rate to maintain a constant 
reading on the output indicator while still main
taining the correct localizer heading. With this 
procedure the airplane describes a parabolic 
curve to the point of contact on the runway. 
Marker beacons at 3 105 kilocycles along the 
line of approach gave spot checks to the pilot. 
Thus the first complete three-dimensional radio 
instrument landing system was developed and 
proved feasible experimentally. It was a remark
able achievement and of great potential value to 
air navigation. 

As in all early developments, however, elimina
tion of certain faults and unknown factors still 
required intensive study and engineering con
sideration. Some of these shortcomings were in 
the localizer. The co.urse was too broad since 
sharp radiation patterns at low frequencies are 
not practicable. Further, in the region at right 
angles to the main localizer course, there was a 
considerable amount of uncontrolled radiation 
which could confuse the " lost" pilot and give 
actually misleading and potentially dangerous 
indications. Then again, because of the low fre
quency, the course was somewhat subject to 
bends and apt to split into multiple courses. 
Furthermore, it was far from static-free. 

Another localizer problem requiring solution 
was that of obtaining two independent radiations 
of a single carrier frequency, each modulated at 
a different frequency but always maintaining 
their intensity ratios constant. All tube modula
tion schemes involved the inherent difficulty of 
changing levels with tube aging and failure. This 
meant that the course, depending for its stability 
on the ratio of the two modulations, would not 
remain fixed. 

The glide path on the other hand had one 
inherent fault, i .e. , its parabolic shape. It was 
too steep at the beginning of the glide, a few 

The illustration on the facing page is a pictorial representa
tion of a typical localizer-glide-path-marker instrument 
landing system as developed by the Federal Telephone and 
Radio Corporation and standardized by the Civil A eronautics 
Administration, the U. S. Army, and the U. S. Navy. The 
vertical pattern is the equi-signal localizer plane and the 
horizontal pattern is for the glide-path plane. A n  airplane is 
shown between the outer and middle marker beacons on an 
approach for a landing. 

miles away from the point of contact, and too 
shallow near the landing field. This meant that, 
even if all obstructions were sufficiently cleared 
to allow the shallow approach into the landing 
field, the pilot while attempting to follow the 
localizer course and attending to the various 
instruments and controls in the aircraft, must 
a lso more or less continuously adjust his rate 
of descent-an obviously major disadvantage. 

Another difficulty with the constant-intensity 
glide path was the necessity for a very stable 
receiver since any change in sensitivity during 
the landing operation would result in a severe 

kink in the "glide path" at a potentially very 
dangerous time. Moreover, if a system of this 
type were standardized, the sensitivity of the 
receiver must remain fixed for all installations, in 
different airplanes and airports, otherwise no 
uniformity of landing could be maintained. An 
alternative would be to check the sensitivity 
calibration of the receiver against an altimeter 
while over the outer marker ; but this would 
necessitate reliance on the altimeter which itself 
is subject to inaccuracies. 

Period of Experimentation 

From this very productive period of useful 
and rapid developments at the Bureau of Stand
ards by Diamond, Dunmore, and ot�ers, until 
late 1937 many instrument landing tests and 
experiments were made in all parts of the United 
States and Europe. Most of these experiments 
were based on the Bureau of Standards system 
but were made by groups somewhat independent 
of one another and not always with adequate 
co-ordination. A clear engineering understand
ing of the problem was not evident. 

The Department of Commerce made installa
tions and tests between 1930 and 1933 in New
ark, New Jersey, and Oakland, California, as 
well as in College Park, Maryland. 

At Wright Field in 1932-33,  the Army Air 
Corps continued to favor the direction-finding 
system of orientation including the use of a 
sensitive altimeter for control of the descent 
path. 

Transcontinental and Western Air, Inc., made 
an installation using a frequency of 85 mega
cycles at Kansas City Airport in 1935. Diffi
culties inherent in vertically polarized constant
intensity glide paths were encountered. 
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One path of an airplane in rnaking an instrument approach. The airplane first "brackets" the localizer course. The pilot 

always turns the airplane to the direction in yvhich the ci:oss-pointer indicators deviate. While continu�ng to maintain _localizer 
alignment, the airplane then "follows" the glide-path pointer. The marker beacons are known check points along the glide path. 

In 1935 the Bureau of Air Commerce began 
to consider the development of a satisfactory 
modulation scheme for the localizer and also 
gave consideration to the advantages to be 
gained by using an ultra-high frequency both 
for the localizer and the glide path. 

The Washington Institute of Technology in 
1935 completed a ground equipment based on 
the Bureau of Standards system except that it 
was installed in trailers to enable quick trans
portation around the airport to accommodate 
changing wind directions. Difficulties inherent 
in low-frequency localizers were again en
countered. However, a mechanical modulation 
method was developed to allow two independent 
modulations of a common carrier frequency so 
that the course would not be thrown off by tube 
aging and variations. Considerable objectionable 
cross modulation existed between the two chan
nels, but independence of the course from 
vagaries of tube operation was achieved. 

The Bendix organization, in co-operation with 
United Air Lines, made several tests and in
stallations in 1936-37. Their system too was 
based on the work done by the Bureau of Stand
ards but used a combined localizer and glide path 
at 9 1  megacycles. The system was usable to the 
extent that, with the installation at Oakland, 
California, hundreds of hooded landings were 
made on an experimental basis. On other installa
tions at Cleveland, Newark, etc . ,  the results 
were not so good. As a system, several inherent 
weaknesses were present, for example, the local-

izer radiation was not controlled except in the 
region of the course. Thus a "lost" pilot could 
pick up dangerous and misleading indications 
while circling in a fog to orient himself. Further, 
the shape of the glide path of this system was 
not satisfactory. 

Some experimental work on ground and air
craft installation of ultra-high-frequency instru
ment landing equipment was done at Fort Worth, 
Texas, by American Airlines. 

Meanwhile in Europe considerable work was 
being done. George Perroux, whose tragic death 
occurred just before the liberation of France, 
contributed, in co-operation with J. L. Lair, 
a number of important inventions to this field. 
R. Elsner and E. Kramar developed a two
course 33.3-megacycle vertically polarized radio 
range and adapted it to instrument landing by 
using the constant-intensity lines of the radiated 
field for the glide path, as in the Diamond and 
Dunmore system. 

A complete system of this type was installed 
and tested in the U.S.A. at Indianapolis, Indiana, 
in 1937 by International Telephone Develop
ment Company, predecessor of Federal Tele
phone and Radio Corporation. Flight tests 
indicated that the course was too broad, and 
the inevitable difficulty was encountered with 
the glide path because vertical polarization was 
used. However, the localizer did provide hori
zontal guidance over the complete 360-degree 
azimuth ; the overlapping patterns making up 
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the localizer course gave the correct signal in 
all directions. 

Thus during this period of 1930-37  many 
systems were installed , nearly all being varia
tions of the Diamond and Dunmore Bureau of 
Standards system. Some were found to be fully 
operative and some were not, although any one 
of them was better than no system at all for 
limited-visibility and low-ceiling · conditions. 
However, no system was adopted for widespread 
usage because of the tendency to await a "better" 
system. 

Summing up the status of the instrument 
landing in the period of 1930-37 ,  it can be 
stated that : 

1 .  Many engineering problems were not fully 
understood and therefore were not solved. 

2 .  Pilots of that period were not sufficiently 
trained on any one system to utilize it to the 
maximum extent. 

3. · Since a primary consideration of commer
cial airlines was passenger comfort, a smooth 
and gentle landing was an essential requirement. 
Under peacetime conditions, airlines always 
had the choice of flying or cancelling a trip if 
weather conditions were unfavorable. If a trip 
were started and the destination field became 
closed by low ceiling and visibility, the pilot 
could terminate the flight at another airport. 
Under these circumstances, instrument landing 
was seldom compulsory ; it was considered more 
advq,ntageous to arrange flights so that all land
ings would be contact rather than to rely on a 
landing system that might disturb the comfort 
of passengers and cause them to prefer other 
methods of travel .  

Under military conditions, flying is not op
tional but is dependent on the unpredictable 
needs of war. Hence landings must be made 
when necessary almost regardless of weather. 

RTCA Recommendations 

Late in 1937 the Radio Technical Committee 
for Aeronautics, a co-ordinating group represent
ing airlines, manufacturers, and various inter
ested government agencies, surveyed the status 
of instrument landing systems and drew up cer
tain recommendations. Based on these recom
mendations the Bureau of Air Commerce (later 
the Civil Aeronautics Authority) drew up de-

tailed specifications for the development of an 
instrument landing system which would contain 
the best features of all the various systems pre
viously tested. This system then was to be in
stalled and tested at the Indianapolis Municipal 
Airport. The contract for this development was 
awarded to the International Telephone De
velopment Company and work was begun in 
the summer of 1938 . 

It is instructive to review briefly the features 
of the recommendations of the Radio Technical 
Committee for Aeronautics and the Civil Aero
nautics Authority's specifications which were 
significant from the engineering development 
standpoint. They will give a fair picture of the 
state of the art at that time. 

For the runway localizer, a choice between 
horizontal or vertical polarization was not made. 
It was still undetermined as to which was more 
suitable for this application. Though a 360-
degree indication was required to give correct 
information to the pilot regardless of his orienta
tion with respect to the localizer, no known 
method existed at the time for providing such a 

two-course localizer with horizontal polarization. 
Though an ultra-high frequency of 108 to 1 1 2 

megacycles was specified for the localizer, the 
course sharpness established by the radiation 
pattern was considered satisfactory at 0.5 decibel 
per LS-degree deviation from the course path. 
This gave a course no more sharply defined than 
the low-frequency radio ranges and localizer pre
viously tried and thus nullified to a great extent 
the potential advantage of the ultra-high fre
quency. The first reason was that the full 
importance of course sharpness and accurate 
course definition, and their effects on multiple 
courses and course bends was not appreciated. 
Secondly, in the then-existing state of the art, 
no localizer systems were known which could 
give 360-degree coverage and still provide a 
sharply defined course in excess of 0 .5 decibel 
per 1 . 5  degrees. 

The localizer course was to be established by 
overlapping radiation patterns, modulated by 
90 and 150 cycles, respectively. How to obtain 
two independent modulations of a single carrier 
so that under no reasonable circumstances would 
their ratios change, and thus affect the estab
l ished course, was not then known. Existing 
methods had yielded an objectionable degree of 
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Typical two-course localizer radiation pattern j or a Civil 
Aeronautics A uthority installation. The antenna array con
sists of nine loops, each of which participates in the production 
of both the 90- and 150-cycle overlapping patterns. 

cross modulation between the two channels and 
a large amount of distortion. 

In general , also, no clear ideas existed as to 
proper choice of localizer site, how reflections 
cause bends and multiple courses, and what 
caused so-called "pushing" of the course (appa
rent displacement of the course depending on 
aircraft orientation and approach direction) .  
The lack of full appreciation of these phenomena 
prevented an accurate diagnosis and solution of 
the problems. 

The glide-path problem at this time had not 
advanced beyond the original system of Diamond 
and Dunmore although the desirability of an 
improved glide path was evident. 

The marker beacons were transferred to 7 5 
megacycles and effected a considerable improve
ment over the low frequencies used by Diamond 
and Dunmore. 

Glide-Path Developments 

Two significant developments proved helpful 
during this period. One from Kramar involved 
a modification of the Diamond and Dunmore 
system of constant-intensity glide path, whereby 
some control over the shape of the path could 
be effected. It was to be accomplished by dis
placing the glide-path antenna from the center 
line of the runway so that an appreciable hori
zontal angle would be subtended by an airplane 
coming in for a landing, i .e. ,  from the beginning 
of the glide path to the point of contact. By 
proper control of the horizontal pattern of the 
glide-path antenna, more or less energy could be 
directed at different points along the glide path 
to straighten somewhat the normal parabolic 
landing path, not over the complete glide but 
from approximately 600 feet down. 

· 

The other development covered an equi-signal 
type glide path with overlapping radiation pat
terns, and was tried out in 1938 by D. M .  Stuart 
and J. C. Hromada of the Civil Aeronautics 
Authority. Two sources of radiation above 
ground, one higher than the other, were used 
with a common carrier frequency but different 
modulation, similar to the localizer. The radia
tion sources, because of their differing heights 
above ground, formed overlapping lobes in the 
vertical plane, and the lowest of these equi
signal intersections could be used as a glide path. 
An essentially straight-line glide path was ob
tained. 

While the fundamental idea was sound, several 
difficulties became apparent and eventually tests 
were discontinued. One of the difficulties was 
that the lowest glide angle was still too high (over 
5 degrees) mainly because the 90-megacycle 
frequency used was too low. Another problem 
was that the pole on which the antenna system 
was mounted constituted quite a hazard unless 
it were far removed from the center line of the 
runway. If it were removed too far, however, it 
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further complicated an already complex problem 
of controlling the point of contact. 

The Indianapolis System 

The engineers of the International Telephone 
Development Company, in undertaking the de
velopment of an instrument landing system to 
technical specifications of the Civil Aeronautics 
Authority (based on recommendations of the 
Radio Technical Committee for Aeronautics) 
were thus confronted with not only a straight
forward engineering problem such as the design 

and installation of ultra-high-frequency trans
mitting, receiving, and antenna equipment, but 
also many complex problems for which no prac
tical solution had been proposed. A group of 
these engineers, under the direction of A. Alford, 
began a systematic analysis and research in 
an effort to find engineering answers to the 
difficulties which had until that time kept instru
ment landing of airplanes "around the corner."  
This group thus became responsible for a great 
deal of fundamental engineering progress which 
had been lacking in this field since the early 
work of Diamond and Dunmore. 

Some of the problems involved experiments to 
determine the relative merits of vertical and 
horizontal polarization. The evidence was pre
dominantly in favor of horizontal polarization 
when essentially pure polarization was used. Of 
fundamental importance also was the study of 
reradiation from various objects around the air
port, how they affected the course, caused 
multiples and bends, and what could be done 
to remedy the situation. A description of some 
of these experiments and equipment used by the 
International Telephone Development Company 
engineers is included in two publications.3• 4 

A few of their developments have had a far
reaching significance on the instrument landing 
art. One was the omnidirectional horizontally 
polarized antenna, the ultra-high-frequency 
loop. 7• 8 This type of antenna, because of its sub
stantially pure horizontal polarization, could be 
used in localizer antenna arrays and establish a 
course essentially free from "pushing." Another 
major advantage of the ultra-high-frequency loop 
antenna resulted from its omnidirectional radia
tion characteristic. In the past nearly all horizon
tally polarized arrays, as for example the Bendix 

localizer, were made up with dipoles. A dipole 
has zero radiation along its axis. As a result, in 
the beacon or localizer applications, no signal 
was radiated in these directions ; thus an airplane 
flying in these regions either received no signal 
or, worse, picked up whatever miscellaneous 
signal may have been reradiated to that region. 
This, of course, was very dangerous. With the 
use of loop antennas, however, arrays of three 
or more · loops were devised with overlapping 
patterns which gave correct signal indication in 
all directions, complete 360-degree coverage in 
the azimuth. 

In fact this type of localizer beacon array was 
eventually expanded into a more general type 
of symmetrical directive localizer array9 which 
allowed , with the addition of more loop elements, 
any degree of course sharpness and directivity. 
Thus course sharpness of 6 or more decibels per 
1 .5-degree deviation from the course line became 
a practical reality, and is now being used in Civil 
Aeronautics Administration installations.10 It is 
noteworthy that this is more than ten times as 
sharp as required by the original specifications. 

Another very important development at this 
time was the application of the Alford transmis
sion-line bridge circuit in the localizer and radio 
range circuits.11· 12 The use of the bridge circuit 
in conjunction with the arrays mentioned above 
made it possible to obtain two overlapping 
beacon patterns simultaneously, each one modu
lated with its characteristic modulation fre
quency, in most cases 90 and 150 cycles. The 
importance of this scheme in stabilizing and 
making the overall system reliable cannot be 
overemphasized. Since each loop in the array 
participated equally in each of the overlapping 
patterns (90 and 150 cycles) it followed that 
any defect or damage in any part of the array 
affected Lhe two patterns equally and hence the 
ratio of the two field strengths remained con
stant. The course thus remained remarkably 
stable and reliable. 

The transmission-line bridge circuit had an
other extremely important use. This was in the 
mechanical modulator. This modulator took the 
radio-frequency output of the crystal-controlled 
transmitter and, dividing it in two independent 
channels, modula ted each at 90 and 150 cycles, 
respectively. With the use of the bridge circuit, 
the cross modulation was completely eliminated. 
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The overall distortion was very small ,  in most 
cases well below 10 percent. Thus, there was de
veloped for the first time a completely satis
factory system which stabilized the localizer 
course against any defects in the radio-frequency 
transmitter, including the aging and failure of 
tu hes. 

In the case of the glide path, the Kramer 
variation of the Diamond and Dunmore system 
was tried. A reasonably straight glide path was 
obtained from the outer marker, at 500 feet 
altitude down to the point of contact. During 
demonstrations to the Radio Technical Com
mittee for Aeronautics and various airline pilots, 
opinions differed considerably as to the value of 
this modification. The consensus was, however, 
that the straight-line portion of the glide path 
should begin at a higher altitude (1500 feet at a 
distance of six miles) and should continue down 
not to ground, but to approximately 100 feet 
where it should shallow off to strike the ground 
at an angle of between one and two degrees. The 
commercial pilots definitely did not want a 
straight-line glide path down to the point of 
contact because they felt contacting the ground 
at anything over 2 degrees would not be satis
factory for commercial passenger traffic. 

After due consideration of the problem, a suit
able antenna array was devised to provide the 
recommended glide path which was set up at 
Indianapolis ; flight tests showed that it met all 
the requirements. 

However, there still were serious limitations to 
the constant-intensity type of glide path. I t  re
quired ingenuity and careful adjustment at each 
airport installation because the glide-path an
tenna system had to be so far away from the 
runway that various natural and artificial ob
structions prevented straightforward propaga
tion from the antennas. Control of the glide path 
above 1500 feet was virtually impossible for most 
of the installations. Also, most pilots, particu
larly for military purposes, wished to start their 
constant rate of descent from 5 ,000 feet, 10,000 
feet, or even higher altitudes continuing to the 
point of contact. These disadvantages and the 
necessity of maintaining fairly constant sensi
tivity of the glide-path receiver, emphasized the 
need of a fundamental improvement in the glide
path system. 

Alford suggested that if two loops were used 
on a vertical pole, one set at approximately one
half wavelength and the other at a large number 
of wavelengths above ground, an equi-signal glide 

Localizer housing for a Civil A eronautics Authority instrument landing installation. 
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path could be obtained in the form of a cone 
with its apex at the antenna pole. If the pole 
were displaced from the runway, the localizer 
course would cut a plane parallel to the axis 
of the cone and give a hyperbolic intersection. 
The glide path would provide a constant rate 
of descent from any desired height, but near 
the runway point of contact the curve would 
flatten out, as in a hyperbola. Furthermore, by 
adjusting the horizontal pattern of the top 
radiator, with respect to the bottom radiator, 
considerable control could be obtained over the 
point of contact. 

An important question was the choice of fre
quency to be used for this type of glide path. 
Calculations showed that any frequency below 
300 megacycles would make the top antenna so 
high that the supporting structure would consti
tute a serious hazard to flight. On the other hand, 
at very much higher frequencies conventional 
tubes, techniques, and commercial components 
would not be suitable. Thus, it was decided to use 
330 megacycles because the crystal-control drive 
units used for localizers at 1 10 megacycles could 
be used to triple in frequency to 330 megacycles. 

Thus began the work on the equi-signal type 
of glide path which has proved of great value 
both for military and commercial aviation. 

Aircraft Installation and Antenna 

The basic philosophy of this instrument land
ing system was to have all the complex equip
ment on the ground , establish the correct landing 
path in space, and require a minimum of equip
ment in the aircraft. This minimum equipment 
consisted of a crystal-controlled superheterodyne 
type receiver3• 4 for the localizer and glide path, 
a cross-pointer indicating instrument, and the 
antenna system. The marker receiver was al
ready standard commercial aircraft equipment 
for radio range use. 

It was desirable to use a single antenna both 
for the localizer at 109.9 megacycles and the 
glide path at 93.9 megacycles. This problem was 
solved by the use of a small two-element Alford 
loop and tuning means whereby the operation of 
the two receivers was possible without mutual 
reaction . 13 

Interior view of the localizer house for a Civil A eronautics 
· Authority installation. 

Microwave Developments 

During the time that the International Tele
phone Development Company was engaged on 
these projects, considerable interest was aroused 
in the use of microwaves for instrument landing. 
The development of the Klystron high-frequency 
generator gave added impetus to this subject. 
A group under Professors E. L. Bowles and 
W. L. Barrow at Massachusetts Institute of 
Technology directed a project referred to as the 
microwave instrument landing system. This in
vestigation disclosed interesting properties of the 
proposed system and served greatly to advance 
microwave technique in general. The Sperry 
Gyroscope Company at the same time devoted 
considerable attention to the development of a 
3 ,000-megacycle instrument landing system. 

Bush Committee 

In October, 1939, a meeting of a conference 
group of the National Academy of Sciences 
headed by Dr. Vannevar Bush was held at Wash
ington. The group convened in response to a 
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Army-type mobile localizer, SCS-51, manufactured by Federal Telephone and Radio Corporation. The antenna array consists 
of three main radiating loops and an auxiliary pair to increase the course sharpness. 

request of the President of the United States 
that the Academy study the problem of stand
ardizing instrument landing systems. A thorough 
and ,complete survey of projected and existing 
systems was made. 

The group recommended the adoption of the 
so-called Indianapolis system. There was general 
agreement that this system was completely oper
ative and practical in its fundamental elements 
of localizer, glide path, and marker beacons. 

Further recommendations were made as fol
lows : 

1 .  Instrument landing systems should be 
standardized and should consist of localizer, 
glide path, and marker beacons. 

2. Approximately 10 installations of the Indi
anapolis system (Federal Telephone and Radio 
Corporation) should be made throughout the 

country for further development and pilot train
ing. The installation should be such as to allow 
modification readily from the available (con
stant-intensity) glide path to an improved type 
capable of furnishing a larger and straighter glide 
pa th ( eq ui-signal type) . 

3. Development of microwave equipment 
should be expedited in order that it might under
go field tests under service conditions. 

4. Further intense study should be given to 
indicating instruments other than the cross
pointer type before standardization. 

5 .  Since fixed equipment is suitable for civilian 
needs, while military use necessitates portable 
equipment, it was recommended that fixed equip
ment should be installed of such a nature that 
portable equipment to duplicate its performance 
could be built when necessary. 
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Development of SCS-51 

With the development of World War I I ,  the 
need for instrument landing equipment for mili
tary application became very acute. Except for 
the constant-intensity glide path, the Indianap
olis system developed by Federal for the Civil 
Aeronautics Authority was considered satisfac
tory, provided equivalent portable equipment 
could be made that would meet Air Corps service 
requirements. Such specifications were agreed on 
mutually by Federal Telephone and Radio Cor
poration engineers and \i\Trigh t Field personnel 

under Lieutenant Colonel F. Moseley. 
It was agreed that only the equi-signal type 

of glide path would be satisfactory for military 
application. Such a unit was completed in 1942 , 
along with a portable localizer and all other ele
ments of the instrument landing system. 

The complete system was demonstrated to 
Army, Navy, airline, and Civil Aeronautics Ad
ministration personnel at Pittsburgh, Pennsyl
vania, in the fall of 1942. At the same time vari
ous other systems were demonstrated and flight 
tested. After these tests and many others in 
various other airports in the country, the Federal 
Telephone and Radio Corporation instrument 
landing equipment was officially adopted by the 
Army. The primary reasons for this choice were : 

1 .  The transmitting equipment was more 
sturdy and reliable than that of others, was 
compact, and easily transported and set up. 

2. The airborne receiving equipment was light 
and compact. 

3 .  The equipment made as much use as pos
sible of well-known radio components, thereby 
providing for manufacturing efficiency and also 
for ease of servicing and repair in the field 
without highly specialized personnel. 

An instructive article on the SCS-5 1 has ap
peared recently in Air Force,1 the official journal 
of the Army Air Forces. 

Future Trends 

With the years of experience in commercial
field instrument landing and the added experi
ence gained in military applications in recent 
years, there is little doubt that instrument land
ing by radio will necessarily have a very definite 
and vital place in future aviation, It is hard 

to conceive of air transportation on any scale 
without widespread and well-co-ordinated instru
ment landing systems. This means that there 
must be numerous installations of such equip
ment and a well-directed plan of pilot training
for even the best system cannot be properly used, 
in fact can be dangerous, without experienced 
pilots well trained in its use. 

Federal Telephone and Radio army-type glide-path equip
ment in operating position. The top pair of radiators gives the 
lower radiation pattern and the lower antenna provides the 
upper radiation pattern, the intersection of which forms the 
equi-signal glide-path course. 
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Civil A eronautics A uthority marker-beacon installation. 

There has been one underlying trend in all 

instrument landing work, and that is complete 

automatic operation. Fundamentally, of course, 

the principle is sound. The localizer beacon, 

located on the ground, actuates a pointer which, 

when interpreted properly by a human pilot 

and followed quickly and accurately, provides 

horizontal guidance. The glide-path beam, again 

located on the ground, working through the re

ceiver in the airplane, actuates another pointer 

which indicates to the pilot what is to be done 

for vertical guidance in landing. There is, there

fore, no reason why the signals to these pointers 
cannot actuate an automatic pilot, which can 

react more rapidly and unerringly than any 

human pilot. Thus, in the not-far-distant future, 

all landings, in good weather and bad, >vill be 

automatic. 
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