
fronted with snow and ice removal in the north, water nearly everywhere, and the

demands placed by airlines on regularity, safety, and eªcient transshipment of

passengers and mail, the technology of the all-over turf field became obsolete in

the United States during the 1920s.

making a technology fit: 
evolution of the leader cable system

The obsolescence of grass fields in turn impacted blind landing technologies

intended for them. The United States, the United Kingdom, and France had all

experimented with balloons, acoustic location, and “leader cables” in their at-

tempts to solve the blind landing problem during the Great War. After the war,

primary interest in France and Great Britain focused on leader cables. In France,

the system was known as the “Loth system” after its inventor William Loth; in

Great Britain and the United States, it was simply called the leader cable system.

A number of variations were developed, and I use the term leader cable system to

refer to the class of systems in general and designate specific incarnations by the

name of the inventor.

Charles Stevenson of the Royal Society of Edinburgh first proposed the leader

cable system’s basic idea in 1893. He described the testing of a single cable laid

along the sea floor to see if induction through sea water could happen without

the use of parallel wires. Stevenson undertook this experiment after he had the

idea that such a cable could be of great navigational assistance to ships. He laid a

single cable on the floor of a lake and fed it with eighty volts to produce an elec-

tromagnetic field. The combination of an uninsulated copper wire coil hung at

each end of the boat, connected with a wire hooked to a telephone receiver, acted

as a detector. Using the telephone, an operator could hear a tone that increased

in intensity as the boat neared the cable, as long as the wire in the boat remained

roughly perpendicular to the cable. Once the boat was centered over the cable, the

tone stopped. The author presented no scientific analysis of the device’s function,

and how, exactly, the leader cable system worked remained subject to debate in

France through the 1930s. Lack of scientific understanding of a useful new de-

vice rarely stands in the way of its adoption, however, and the German navy put

a version of this idea into service before the Great War. The British Royal Navy be-

came interested in leader cables after finding out about them from captured Ger-

man sailors and installed an eighteen-mile cable run into Portsmouth. It aban-

doned the idea due to the high cost of maintaining under water cable, particularly

since ships’ anchors tended to hook and cut it.24 The Royal Navy’s rapid aban-
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donment of the nautical leader cable anticipated some of the reasons for the aero-

nautical version’s failure.

France took the leader cable idea the furthest after the war, developing a guid-

ance version for point-to-point aerial navigation and a landing-aid version. The

French government voted to build guide cables from Paris to London, Paris to

Brussels, Paris to Strasbourg, and from Paris to Versailles in 1922, and consid-

ered building one across the Sahara desert. The British Parliament approved

funding for the section of the Paris to London route on British soil in 1923. The

records available in the United States suggest that little was actually built, but they

are hardly definitive. The one published work on air navigation before World War

II does not discuss leader cables at all and indicates that aerial navigation in Eu-

rope was carried out through the use of radio direction-finding stations. However,

a series of articles in the French aeronautical press during the 1930s debates the

merits of the leader cable system, suggesting but not confirming that at least parts

of the planned system were built.25 The records related to the landing-aid version

are fortunately somewhat better.

The first published reference to any of these aircraft systems is Loth’s “On the

Problem of Guiding Aircraft in a Fog or by Night When There Is No Visibility.” It

was presented to l’Academie des Sciences in December 1921, and it described the

system for overland navigation and blind landing of aircraft based on the gener-

ation of an artificial electromagnetic field. He had been asked to develop the sys-

tem by the undersecretary of state for aeronautics and had built his prototype at

Villacoublay. To provide guidance for aircraft trying to land, his system passed an

alternating current of six hundred cycles per second through a loop of cable sur-

rounding the landing field. This produced a varying electromagnetic field that a

properly equipped aircraft could detect.

An aircraft’s equipment consisted of three sets of two frames, or loops, ori-

ented along the aircraft’s three axes. Passing any wire loop through a magnetic

field perpendicular to the field’s lines of force induces a current in that wire, and

to detect the current induced in the wire frames, the system employed an audio

amplifier. Two sets of the frames were vertical, with one aligned with the longi-

tudinal axis of the aircraft, and the other perpendicular to it. The third frame was

horizontal. The longitudinal frame received best when parallel to the guiding

wire, while the transverse frame received best when perpendicular to the wire.

They could be connected to a goniometer to display the aircraft’s inclination to

the guide wire, while connecting the longitudinal and transverse frames indicated

whether the aircraft was right or left of the guide. Finally, connecting the trans-

verse and horizontal frames showed vertical position with respect to the cable. It
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thus provided three-dimensional navigation information. Early versions of this

system relied upon a pilot’s hearing to interpret the system’s audio signals. Later

versions employed visual indicators on the pilot’s instrument panel.26

French engineers published a series of articles in the journal l’Aéronautique

during the 1930s which explained the operation of the system and described the

results of tests conducted at the aerodromes of Villacoublay and le Bourget. Un-

fortunately, those articles argue the scientific rationale of the system and give no

insight as to how e¤ective it was or how widespread its use became in France.

Loth also founded a company to develop and manufacture his system, the Société

Industrielle des Procédés Loth, and even an American subsidiary, the American Loth

Company.27

Loth’s system does not appear to have been placed in either commercial or 

military service. Although no source provides a reason, Christienne’s history of

French military aviation provides one clue. The French aeronautics establishment

was fiscally poor and organized to create prototypes but not actual procurement

and production. The result was the rapid obsolescence of French aircraft and avi-

ation infrastructure. The death of the Count de la Vaux, who was killed along with

his pilot when his plane collided with a landing cable installed at Vaux sur Seine,

did not help the system’s chances.28

Across the Channel, British investigators working at the Electrical Research

Section of the Royal Aircraft Establishment (RAE) had begun exploring a similar

application of electromagnetic principles to solving the blind landing problem

some time before 1920. Unfortunately, security concerns prevented publication

of their work before 1926. Led first by one Major McAlpine, and after 1923 by

Flight Lt. H. Cooch, the RAE’s team designed a blind landing system similar in

principle, but significantly di¤erent in detail, to the Loth leader cable system.

Three key di¤erences were the use of a racetrack shape for the cable, with one of

the straight sides marking the landing area; the use of thirty-four Hz current in

the ground cable; and the use of a frequency reverser in the plane to convert the

received thirty-four Hz energy to direct current.29

The use of a mechanical frequency reverser was the most significant di¤er-

ence in the British system. The French had relied upon the generation of a weak

electromagnetic field by the cable and used a vacuum-tube-based audio frequency

amplifier in the aircraft to amplify the signal. The British chose to generate a

much stronger electromagnetic field on the ground, and because direct-current

reading instruments were more sensitive than alternating-current instruments,

convert the received alternating current energy in the plane to direct current via

a mechanical-relay-based device. Because mechanical relays could not operate

p l a c e s  t o  l a n d  b l i n d 47



very rapidly, the frequency of the generated electromagnetic field had to be 

kept low. This created two problems for the British. First, as was becoming well

known, low-frequency signals had unpredictable propagation characteristics.

Worse, the Electricity Commissioners had recently chosen fifty Hz as the stan-

dard frequency for England’s electric train system.30 The nearness of the two fre-

quencies, coupled with the much higher-intensity electromagnetic fields gener-

ated by the very high current use of the trains, resulted in significant interference.

Although the system tested successfully in a small-scale laboratory setting, when

fully installed at Farnborough, it did not do so well.

Cooch presented his findings to the Royal Aeronautical Society on February

19, 1926, and the audience’s response makes clear that it was well aware of the

frequency problem. They were also aware of the French Loth System and of the

theoretical benefits that they could gain through its use of higher frequencies.

Higher frequencies, however, required the use of higher speed switches of some

sort or other, and only the vacuum tube, or as the British called them, thermionic

valves, were suitable for use either as high-speed switches, or as amplifiers. Nei-

ther Cooch nor his audience that evening believed that thermionic valves were re-

liable enough or, apparently, that they could be made reliable enough for use in

a safety-related system.31

Therefore, by 1930, the RAE had entirely abandoned the leader cable system.

Instead, it began pursuing an idea that air forces had tried unsuccessfully during

World War I: the tethering of a balloon above the fog where pilots could see it. A

pilot seeing the balloon maneuvered as close to it as he could and then simply de-

scended at a constant rate along the proper compass bearing until the plane hit

the ground. The RAE realized that such a landing would be at best frightening to

passengers, and so it devised a “ground proximeter,” consisting of a weight hang-

ing from thirteen feet of linen thread below the wheels. When the weight hit the

ground, the tension on the thread was released, causing a light to flash on the in-

strument panel. This was to give the pilot enough time to pull the nose of the

plane up to reduce the shock of the landing. A strengthened undercarriage was

still required.32

The ground proximeter did nothing to resolve the problems that World War I

fliers had encountered with the balloon method. The altitude of fog banks

changed over time, often obscuring the balloon, and the inaccuracies of baro-

metric altimeters meant that a constant rate descent was often not constant at all,

which occasionally led to reaching the ground outside the boundaries of the aero-

drome. Pilots tended to be uncomfortable about such possibilities and in the
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United States rejected another system that also relied upon the barometric al-

timeter.33

Finally, as was pointed out by F. Tymms of the Directorate of Civil Aviation

during a discussion of the balloon test results, “However valuable this result

might be, it could not be considered a satisfactory solution for the needs of air

transport, whose successful development demands regularity. Further, if pilots

were merely to use the system when accidentally caught in fog, they would never

attain confidence in it.”34

The emergency nature of the balloon system ensured that it did not appeal to

commercial aviation interests. Because the balloons had to be deployed whenever

poor conditions occurred, they were not always available. Pilots would not be able

to practice using them during good weather, and practice was the only way to de-

velop pilots’ confidence in their ability to use the system safely. An emergency

use only system was not what commercial airlines sought, and it is surprising

that the RAE seriously considered the balloon landing idea at all. The British

abandoned the leader cable system, which could have been a part of everyday

flying, for an emergency system that could never be routine. Rejecting thermionic

valves thus led them to a technological dead end that is all the more surprising

given that wireless, which relied upon tubes, was already in widespread use for

navigation in Europe and the Empire.

In Europe, therefore, no single cause for the nonadoption of leader-cable-

based systems for landing aircraft exists. Instead, each country had a unique ex-

perience. In France, an idiosyncratic state policy is the likely cause. In Great

Britain, a conscious choice against vacuum tubes provoked abandonment and re-

placement by what was an even less suitable procedure. Germany, whose aviation

activities were severely limited by treaty restrictions, did not conduct blind land-

ing research until 1931, when Telefunken, Lorenz A.G., and Deutschen Versuch-

sanstalt für Luftfahrt, the state-supported aeronautics research laboratory, em-

barked upon a radio-based development program based loosely on a U.S. Bureau

of Standards’ idea.

Although the leader-cable-based systems failed in Europe, they nonetheless fit

within the surrounding technologies of airplane and landing field. They did 

not produce great precision, but none was necessary to place an aircraft some-

where within the confines of a large aerodrome. They were thus suited to open-

field landings by aircraft nimble enough to negotiate a relatively short approach,

which were all that existed in Europe throughout the mid-1930s. They did not fit 

within the technological context of American aviation, however. The U.S. need
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Figure 2.1. The American Loth Company’s version of the Loth leader cable system. The upper portion of the diagram shows the approach path as viewed

from the ground, with the Morse code signals displayed in the different approach zones. The “leveling surface” is simply the magnetic field intended to

indicate to the pilot that it was safe to level out and land. The lower portion of the diagram shows the bird’s-eye view of an approach, keyed to the visual

indications that the system provided to a pilot. Notice the lack of anything resembling runways on this figure. Aviation (December 1931): 199.



for greater precision was due to the adoption of runways in North America more

than a decade before their widespread use in Europe. To provide enough preci-

sion for runway landings, the leader cable idea had to be modified.

During the war, the United States had also explored a blind landing system

based upon the leader cable principle. On Armistice Day 1918, the U.S. Bureau

of Standards tested a prototype consisting of a “transmitter” composed of a 160-

foot coil of copper wire, which the bureau’s researchers wrapped around the roof

of the Radio Building, powered by a 500-watt generator. Wire coils wrapped

around the lower wings of a JN-4 “Jenny” biplane connected to an audio fre-

quency amplifier served as a detector.35 Although the pilot was able to hear the

signal the system produced, he did not attempt to land on the building’s roof us-

ing it, likely because the roof was too small. Several more months of testing at the

College Park, Maryland, airfield followed, but postwar austerity measures put an

end to the project. The Post Oªce, which assumed airmail responsibilities from

the Army Air Service after the war, considered navigation between airfields a

more important problem and put its limited funding into the construction of

lighted airways. No further organized research into blind landings was done in

the United States until 1927, when the Bureau of Standards was given the task by

then secretary of commerce Herbert Hoover. In Britain and France, however,

blind landing e¤orts continued under government auspices and focused on the

leader cable approach.

In the United States, proponents of leader-cable-type systems developed three

di¤erent variants in an attempt to make the idea fit into a di¤erent context. The

first was a product of the American Loth Company and built upon Loth’s work in

France. Beginning in 1930, the Company modified his original formulation to re-

place the single, aboveground loop with a series of concentric underground ca-

bles, which may have been a response to Count de la Vaux’s death (Figure 2.1).

As a plane flew toward this installation, its pilot first heard a Morse code D sig-

nal until the craft crossed the field boundary, where D was replaced with a con-

tinuous tone. Inside the field, the system provided a Morse code U until the air-

craft was twenty feet above the surface, when the small inner cable’s I signal

overwhelmed the U. That was the signal to land.36

This ingenious arrangement met with no greater success than its parent sys-

tem. No one ever adopted it. By 1932, all major U.S. airports had adopted run-

ways, and as the geometry of the system makes very clear, it could not serve a 

runway-based airfield. Like its European forbears, it relied upon the provision of

an open landing area. The circular form allowed landing from any direction,

which a runway-based airport could not permit. Although it might have served
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the aerodrome-like U.S. Army fields, the army emphasized the need for porta-

bility in any blind landing equipment throughout the 1930s, which the Loth sys-

tem certainly was not. The American Loth Company’s system remained too much

like its European forebear to fit the U.S. technological context. Instead, inventors

had to modify the leader cable arrangement to suit U.S. airfields.

While the American Loth Company worked on its circular system, Earl C.

Hanson, who had installed a leader cable for ships in New York harbor, designed

a system that could serve runway-based fields. This was installed and tested at the

Lansing, Illinois, Ford Airfield, which had opened in 1928 with the first concrete

runways in the United States (Figure 2.2). It relied upon two single-turn cables

extending nearly four thousand feet beyond the airfield boundaries and aligned

along the approach path. By exciting both cables with a 1,000 Hz frequency and

using switches to alternately open and close the circuits, a “dot” pattern was ra-

diated in one cable and a “dash” pattern in the other. A pilot flying precisely

halfway between the two cables heard a continuous tone. Further, a “gun coil,”

which produced a loud tone when the plane passed directly over it, informed the

pilot when the plane had arrived inside the airfield boundaries. An inductive al-

timeter provided altitude indication. Hanson’s successful demonstration in 1930

drew congratulatory telegrams from Lee De Forest and Capt. Stanford C. Hooper

of the Navy Department’s radio section, who took interest in the basic design of

the system for its applicability to airships.37

Hanson’s work seems to have inspired Hooper to support further develop-

ment of the basic idea, which was carried out by a navy radio engineer working

for Hooper’s Radio Section of the Bureau of Engineering. Edward Dingley de-

vised the system shown in Figure 2.3 in the mid-1930s. The system fed alternat-

ing current through the cable arrangement shown in the diagram, from the gen-

erator labeled “3.” The cable set defined by points 36-37-3 was the main loop,

which generated a powerful electromagnetic field. Each of the smaller loops (for

example, 38-39-3) was fed with current of the opposite phase to that in the main

loop, establishing an opposing electromagnetic field. This resulted in destructive

interference between the two fields. By carefully choosing the currents in each ca-

ble, engineers could establish an electromagnetic field whose intensity decreased

as an aircraft approached the runway. Using a radio receiver designed to detect a

line of constant intensity, the pilot could follow what would appear as a straight

glide path to the runway. The aircraft installation consisted of the same wire

frames, in the same orientation, as those originally proposed by Loth and were

connected to a cross-pointer instrument much like that proposed by the Bureau

of Standards in 1931.

52 b l i n d  l a n d i n g s



Dingley advertised its chief advantages as its independence of radio frequen-

cies and the consequent atmospheric and ground distortions. It did not employ

vacuum tubes, and Dingley argued that this made its maintenance costs negligi-

ble.38 The electromagnetic field provided lateral and vertical guidance, so a sepa-

rate localizer was unnecessary, as were marker beacons. Finally, since the system

did not require antennae on the ground, or perhaps more properly, the antennae

were underground, it presented no obstructions on the field.

To test Dingley’s vision of a landing system, the navy built a prototype within

the confines of its airship base at Lakehurst, New Jersey. That forced a short ap-

proach and an accordingly steep descent, which was fine for lighter-than-air craft

but impossible for airplanes. The navy considered lengthening the approach path

enough for airplane use during 1940, until the Lakehurst base commander

p l a c e s  t o  l a n d  b l i n d 53

Figure 2.2. Hanson’s modified leader cable system. The diagram is clearly not to scale, 

but it demonstrates how this system could serve runway-based airfields. The center “on

course zone” is 200 ft wide just before crossing the airport boundary, which was a

common runway width. The approach length is a bit short even for 1930 aircraft. Other

systems designed between 1929 and 1933 generally supported a one- to two-mile

approach. Since commercial aircraft of the day landed at about 60 mph, Hanson’s

approach provided about half a minute of guidance before landing. Note that the system

provided no altitude indication, a problem that caused pilots to reject other landing aids

during the 1930s. Aviation (22 February 1930): 402.



Figure 2.3. The Dingley leader cable system. Like Hanson’s it was supposed to guide

planes down a narrowing funnel of electromagnetic energy. Unlike Hanson’s, it 

provided a “glide path” through the use of successive additions of oppositely 

polarized electromagnetic fields. Destructive interference between the main field 

and the succession of smaller fields resulted in a decreasing field intensity which

appeared to the pilot as a glide path. By 1938, the army was demanding approaches of 

at least ten miles, and preferably fifteen, for its aircraft. For this system, the cable array

would have had to be extended the entire approach distance. Edward Dingley Jr., “An

Instrument Landing System,” Communications (June 1938): 7.



pointed out that lengthening the approach meant having to secure easements on

land well outside the base. In Lakehurst’s case, that meant having to get ease-

ments on cranberry bogs, which he expected to be expensive and an installation

nightmare. It was briefly examined by Vannevar Bush’s National Academy of Sci-

ences committee on instrument landing aids in 1939 and by the CAA at the same

time, but both considered radio a better solution, most likely due to the high costs

involved in building and maintaining what would have been ten-mile-long cables

in order to guide the much larger, faster aircraft of the late 1930s to safety. Ad-

miral Stark, the Chief of Naval Operations, finally ordered the project’s cancella-

tion in September 1941.39

conclusion

One clear factor that emerges in discussion of landing aids and landing areas

is that of the environment in which the technologies of aviation had to work. Turf

fields and leader cables were not the only technologies a¤ected by the physical en-

vironment of aviation, and later chapters show similar problems with other tech-

nologies. Technologies designed without explicit recognition of these environ-

mental constraints had severe problems, and the leader cable designers were not

the only innovators who failed to overcome them.

The environmental problems encountered by aviation technologies cannot be

separated from economic factors, however. Cities could have, and in retrospect

perhaps should have, put their airports inland, away from water problems for sur-

faces and landing aids, as well as navigation hazards imposed by urban struc-

tures. They did not do so, due to city planners’ emphasis on airports as nodes of

transfer, which reflected their primary function as spaces for commerce.

Leader cables were therefore made obsolete in the United States by the adop-

tion of runways driven by the intertwined demands of commerce and geography.

Although various inventors attempted to make the system fit the new technolog-

ical context, the result was systems that fit just as poorly as their predecessors.

The intertwined demands of commerce and geography thus e¤ectively doomed

the leader cable to the same fate they had spelled out for the turf field, relegating

both to the technological scrap heap. But the same airline demand for regularity

which had played such an important role in creating runways, and which still reg-

ularly ran afoul of bad weather in the form of poor visibility, remained unsatisfied.

While leader cable inventors were tinkering with their systems, therefore, the

airlines put pressure on the Post Oªce, which paid them to carry the mail, and

the Department of Commerce, which maintained the federal airways for them,
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to find a solution to the blind landing problem. The government’s proposal had

nothing to do with leader cables. Instead, the commerce department turned to

the only technical development group available to the civil half of the U.S. gov-

ernment: the National Bureau of Standards, which possessed a radio research 

laboratory.
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