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A portable-type direction finder developed by Dunmore in 1925 for the Navy and the Army Signal Corps. It was
known as a "universal" type because of the wide frequency range—90 to 7700 kHz, using seven sizes of loop

antennas. A single tuning control was one of the many features.

The second method required but one location for transmitting and receiving (similar to

radar) to observe the azimuth position and motion of a plane. A UHF transmitter with a

directive antenna could be used to determine the azimuth angle. The distance in miles

would be determined by observing the time delay of a reflected wave in terms of the peak
value of successive oscillations of a variable modulation frequency. This method of detecting

and observing the position of airplanes by reflected waves was following closely upon the

heels of the radar method being developed by England and by the United States. (See

introductory chapter, p. 17.)

Another method proposed by Dunmore, in 1938, was similar to that of radar, yet it is

doubtful that he had knowledge of the radar systems which by that time were in various

stages of development in the United States and in England.

Radio—The aviators guiding hand

The airplane pilot (and navigator) must orient himself in a 3-dimensional medium in

order to move from a take-off spot to a landing field that may be several thousand miles

distant. Anywhere along the route terrestrial and celestial guide points may be obliterated

by clouds, fog, or darkness.
45 Radio navigation aids, developed over the years, permit the

aviator to fly through the 3-dimensional medium, allowing him to know at any moment
where he is and how to reach his destination safely.

45
In a fog, heavy clouds, or in total darkness the aviator of a bygone era was not completely without some sense of

orientation. The altitude of the plane (with Earth as frame of reference) could be observed from panel instruments.

A general sense of direction could be obtained from a compass and a fairly reliable indication of height from an

altimeter (hut not a safe aid in mountainous terrain). Although the aviator could observe his air speed before the

existence of radio aids, he had no way of observing wind drift or velocity with reference to the Earth when his

vision of landmarks was obliterated. Without means of orientation and navigation, the aviator was helpless when

caught in a three-dimensional opaqueness. It was radio that came to his rescue.
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The airmen of World War I did not have radio's guiding hand, nor did those pilots who
first flew the airmail service route between Washington, D.C. and New York City beginning

on May 15, 1918. Thus was the situation in August 1918 when the Aerial Mail Service of the

Post Office Department proposed to the Bureau of Standards the development of a

directional transmitter for guiding airplanes. Kolster already had assisted the Bureau of

Lighthouses in the early developments of a radio guidance system (fog signaling) for use in

fog (see p. 139). But the Post Office had a greater need, that of aiding the pilot to locate the

exact position of the landing field in case of fog or darkness. The Post Office Department
made the proposal at the time the American Expeditionary Force was preparing for its fall

offensive in France—the armistice was still 3 months away.

1. The Bureau's early systems for airplane landing

a) Induction signaling

In spite of wartime activity in the Bureau and in the Radio Section, Kolster appears to

have been anxious to aid the Post Office in this new problem. On September 3 he sent a

memorandum to the Bureau's director, Dr. Stratton, suggesting a localized signaling system

for airplane landing. In fact, for several weeks he had been working on the scheme before

writing the memo. Kolster proposed using an induction signaling system which would

become effective only when an airplane was in close proximity to the landing field. After his

initial experiment of using two coils about 200 feet apart, he was ready to carry on a full-

scale experiment. Dr. Stratton suggested that the experiment be carried out over the

Bureau grounds.

On November 11, 1918, the day of the signing of the armistice (see ch. Ill, p. 60),

Kolster tried out the induction method with an airplane. Six turns of insulated No. 12

copper wire had been coiled around the edge of the roof of the new Radio Building. The coil

was energized at 24 amperes from a 500-Hz generator. Forty turns of magnetic wire in a

large loop on each side of the lower wing of a type JN-4 ("Jenny") plane, furnished by the

Post Office, served as the "searching" coil on the "landing" plane. Both the ground loop and

plane loop were tuned to resonance for strong 500-Hz signals by very large capacitors. A
three-stage amplifier strengthened the signal in the observer's headphones. Signals would be

observed 3000 feet above the Radio Building. The experiment was a success!

After a January 1919 conference on a cooperative program by the Post Office

Department, the Navy Department, and the Bureau of Standards (the Army Air Service was

also interested in the project), the aviation field at College Park, Md. (to the northeast of the

District of Columbia) was selected for landing field experiments. After some initial

experiments, a single turn of wire enclosing an area of 1500 by 2500 feet was used as the

ground coil. But after some rather pessimistic results at frequencies of 500 to 1000 Hz, the

group turned to radio frequencies.

Post Office Department biplane used by Radio Section at College Park, Md. Airfield in early 1919 for landing

experiments. Two coils, one under each lower wing, could pick up the low frequency (500 Hz) induction field from a

large coil encircling the field, with the plane at several thousand feet altitude. A tent in the background served as

a temporary hanger.
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Motor generator used at the College Park Airfield to energize a 1500 x 2500 ft coil for landing experiments. For field

operation the equipment was driven by a gasoline engine. The large capacitors (upper right) were used to tune the

large coil for resonance at the 500-Hz generator output. A 1000-Hz generator was also used, but the experiments

were abandoned in favor of radio frequency methods of locating airfields in fog or darkness.

b) Landing on a "radiation cone"

After trying RF at 1500 meters (200 kHz) in a large single-turn loop (7000 feet of wire)

with very little success as a landing marker, another of the Radio Laboratory personnel, J.

A. Willoughby, came up with a novel antenna system. He found that by using two horizontal

coils spaced a short distance apart and feeding RF current to the coils in opposite directions,

a cone of radiation formed in the vertical direction with a maximum signal at about 30

degrees to the vertical. Such a signal pattern could serve as a landing marker. Initial tests

in the summer of 1919 indicated that this system was more promising then the induction

system. For an unexplained reason, further testing and the project itself went into early

oblivion, but not before Gregory Breit published a theoretical treatment of this type of

antenna [23]. The radiation pattern proved to be of no practical use for the guidance systems

to be developed by the section a decade later.

C) A TRY AT AN ELECTRICAL ALTIMETER FOR AIRCRAFT

At the request of the U.S. Army Air Service the Radio Section tried its hand in 1922 to

develop an electrical altimeter that would supplement the induction signaling method as an

aid in landing an airplane. Although it was desirable that the device indicate height above

ground during the last 50 feet of approach, success eluded Francis H. Engel in a reliable

indication beyond 20 feet in height above the landing strip.

The system made use of the variation in capacitance between metal screens on the

underside of each wing. In approaching the ground the capacitance between the two large

screens increased. Change in capacitance was indicated on a thermogalvanometer,

calibrated in feet, by the "induced current" method that incorporated a vacuum-tube

oscillator. First tests were on laboratory models. Flight tests were made at McCook Field,

Dayton, Ohio. The altimeter was not incorporated into any of the radio landing systems

developed by the Bureau or by the Army in later years. The capacitance-variation electrical

altimeter would have been impractical to use on the metallic planes of a later period.
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Interestingly, three devices for this altimeter project were processed through the initial

steps in preparation for application for patents.
46

2. A directive radio beacon is developed for the U.S. Army Air Service

Navigation by homing on a nondirectional radio beacon is subject to wind drift with an
airplane or water-current drift with a boat and a straight course is rarely followed. Homing
on a directional radio beacon of the simple figure-of-eight pattern can be over a fairly wide

path on the maximum signal and with no signal available in a direction at 90 degrees to the

maximum signal. An improved system that would provide a narrow approach path was
desirable.

At the request of the U.S. Army Air Service a program was initiated in December 1920

of using radio as an aid to air navigation. (To a limited extent, the Signal Corps was also

interested in this program.) Several approaches were considered. Based upon a suggestion by
Lowell of the Radio Section,

47 Engel and Dunmore began experimenting with the crossed-

field pattern of two coil (loop) antennas placed at an angle of approximately 135 degrees to

each other to form an equisignal radiation path.
48 '49

An initial experiment on the Bureau grounds with two 20-foot square coil antennas (two

turns to each antenna) indicated that Lowell's suggestion was a sound one. The next step

was to carry out a full-scale experiment. Two single-turn coil antennas, each 40 by 150 feet

in a vertical plane, were crossed at an approximately 135-degree angle. These two antennas

were energized with a 2-kW spark transmitter operating at 300 kHz. The dot and dash of the

letter "A" was used on one antenna and the dash of the letter "T" on the other, alternating

from one antenna to the other. With a receiver on a Bureau of Lighthouses tender plying

the waters of the Potomac River 31 miles south of the Bureau grounds, it was found that on

the equisignal line there was a path approximately 11/4 miles wide and that the signal

from each antenna was approximately equal. The hoped-for narrow path of the radiated

directional beam was achieved.

In the fall of 1921 the aerial navigation project was set up at McCook Field near

Dayton, Ohio, to test the equisignal double-coil radio beacon with an airplane. Again, a large

antenna system was set up with two coil antennas crossed at 135 degrees. This time a 5-kW
quenched spark transmitter was used, operating at 300 kHz. Ground reception was from a

truck cruising along a road that coincided roughly with an equisignal line of radiation from

the antenna system. Reception on crossroads perpendicular to the equisignal line ranged

from distances of 13 to 51 miles from the transmitter. Again, a narrow beam was observed.

Tests from an airplane, using a trailing antenna, showed equally good results. However, to

minimize observed effects of distortion of the field pattern caused by the airplane and the

long trailing antenna, it was necessary to use a relatively short and heavily weighted

antenna to obtain as nearly a vertical orientation as possible. With the short trailing

46
In a list of patents issued to, pending, and applied for, by Bureau of Standards employees, and furnished to the

Chief Clerk of the Department of Commerce by memo on October 31, 1922 (for the newly established

Interdepartmental Patents Board ordered by Executive Order), the following information was given that

applications for patents were being prepared by the Department of Justice for:

Capacity altimeter, by the applicant J. H. Dellinger; Electrical altimeter, by the applicant

Francis H. Engel; Method of indication of aircraft altimeter, by the applicant L. E. Whittemore.

At the request of the authors, a search was made of the files of the Patent Office by the Patent Agent of the NBS
Office of the Legal Adviser, with the result that no patents on altimeters as aids to the landing of aircraft were

found that had been issued to any of these three individuals.

47 The suggestion of a double-coil or crossed-coil antenna was by Lowell of the Radio Section and C. H. Bohner of the

Signal Corps Research Laboratory (see p. 146j. No patent was issued to Lowell on this type of coil antenna that

came into use for air navigation.

48
R. Keen, in his book Wireless Direction Finding (Iliffe and Sons, London, 1947, 4th ed.), states that Scheller of the

Lorenz Co. (Germany) was granted a patent in 1907 for an antenna system with an equisignal path that was formed

from crossing two long horizontal antennas at the transmitter. Keen gives credit to Engel and Dunmore for being

first to use the crossed-coil antenna system to produce an equisignal path for radio guidance.

49 The equisignal path in the 135-degree angle of two figure-of-eight patterns of two coil antennas was considered a

more desirable path (actually two paths in opposite direction) than that of a 90-degree angle. Thus the planes of the

coil antennas were set at 135 degrees rather than at 90 degrees. Selection of this angle of crossed coils gives the

strongest signal strength on a narrow beam of radiation.
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antenna it was found that a pilot could guide his airplane into McCook Field by means
the radio beacon from distances out to 100 miles. He could home on a straight course and b

free of any changing of direction of his flight path due to wind drift. See reference [24].

This success with the crossed-coil antenna directive radio beacon in 1921 would begin to

reap rewards for NBS in 1926. Beginning in the summer of 1926 the Radio Section adopted

the system developed by Engel and Dunmore (with modifications for greater flexibility of

operation) for the radio beacon of the navigation system being developed by the Aeronautics

Branch of the Department of Commerce. It was the system that became known as the radio

range beacon system and later was incorporated into the instrument landing system (ILS).

Antenna system of two 10-ft square coils that could be oriented on vertical axes to form a directive crossed-coil radio

beacon; located at the "compass house" northeast of Radio Building. This was the original system used by

Dunmore in the spring of 1926 to develop an airfield runway localizer for pilot visual indication of course

deviation. The transmitter consisted of two RF oscillators, one modulated at 500 Hz, the other at 1000 Hz, each

feeding its own coil antenna, but operating at the same radio frequency. Course deviation could be noted by the

pilot on a visual indicator controlled by the two modulation frequencies. A receiver located in an open field about

2 miles distance served as the plane's indicator and position in relation to a simulated approach to a radio beacon.

3. Developing an air navigation system

After the successful field trials with Engel and Dunmore's crossed-coil antenna at

Dayton, Ohio, in the fall of 1921, the Army Air Service pursued further development of this

new radio system as a navigation aid for airplanes. During the next few years the Army Air

Service improved upon the technique of signal observation and introduced a goniometer into

the antenna feed circuit to permit orienting the beam directions without moving the

antennas. The schemes were based on 1907 German patents.

Although the Post Office Department took an early lead (before the end of World War I)

in searching for and supporting new developments in radio aids for its planes in the airmail

service, it was slow in adapting these aids to its flying services.

a) The early stage

Following the burst of activity in 1921 for the Army Air Service, there came a period of

several years preceding 1926 when the activities of the Radio Section were but little

151



involved in aiding the aviation industry or the flying services. But the need for its technical

abilities was growing. Thus, in the Monthly Report of February 1926 it was stated: "Because

of the interest in commercial air navigation, a study has been started on various aids to

airplanes." At the time, Lindbergh's epoch-making flight from New York to Paris was more
than a year in the future. With the mid-1920's, commercial aviation was beginning to take

the interest of the American public.

Dunmore was completing several projects in the winter of 1925-1926. It was an
opportune time to return to the radio beacon project that was set aside late in 1921. His

ingenuity was soon at work with an innovation to the radio beacon system developed by

Engel and him for the Army Air Service in 1921. The new device was a panel-mounted

visual beacon course indicator by which the pilot could observe his course navigation with

only occasional glances at the instrument [25].
50,51

;>0 The Radio Section's development of the airway beacon system and the instrument landing system brought on a

large number of papers published in the NBS Journal of Research and in outside publications. A number of the

papers were very nearly duplications in the NBS Journal of Research and in the Proc. IRE. Where duplications

exist, preference has been given in the citations to the Proc. IRE because of its greater circulation and greater

availability. Only a limited number of citations are listed in this account. Complete listings on the subjects treated

are found in citation listings in various NBS publications.

61 Up until the development of the visual indicator, the pilot followed the radio beam course by listening to signals

via headphones. Now he was able to be in continuous aural contact to receive verbal messages on weather, flight

instructions, and other information. Moreover, the aural sytem had technical disadvantages that made it desirable

to go to a visual indicator.

Emerging from Dunmore's experimentation was a small panel instrument on which the pilot observed two

vertical and broad white lines. When the lines were of the same vertical length the pilot was on course. When one

line was longer he would steer the plane in the direction of the shorter line to bring the lines to equal length and

the plane back on course.

The indicator was made of two vibrating metal reeds with whitened tabs on the tips. One reed was tuned to 65

and the other to 86.7 Hz. They were energized into vibration by modulation signals from each of the two antennas

of the crossed-coil antenna of the radio beacon. In order to adapt the course indicator to the direction of

approaching to or receding from a radio beacon, the indicator was simply rotated 180 degrees when required. This

system was found to offset the disadvantages of two other visual systems being developed concurrently by Dellinger

and Haraden Pratt. The disturbing effect of extraneous noise in the aural system was practically eliminated by the

tuned-reed system. It proved to be very successful until replaced by another type of indicator in the instrument

landing system of a few years later.

Earliest vibrating-reed-type visual indicator (type A) designed by Dunmore in 1926 for the radio beacon installed at

the College Park, Md. Airfield. The two white-tipped ends of permanently magnetized steel reeds can be seen at

middle left. Electromagnets from headphone receivers drove the reeds. One reed vibrated at a 60-Hz modulation

frequency in response to deviation ofplane to one side of course, the other at 85 Hz for opposite side of course. The

third reed (right) was used to indicate marker beacons spaced at different distances from airfield. Dunmore

brought out a series of reed indicators, each successive stage an improvement in design and performance, and with

minor changes in the reed frequencies.
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During the spring of 1926 action was pending in Congress to improve upon the countn
commercial aviation service.

52 This led to the approval by President Coolidge of the
Commerce Act on May 20, 1926, which, among other measures, authorized the creation of

;

Federal Airways system that would be marked with light and radio beacons. This act wa
"the legislative cornerstone for the development of civil aeronautics in America."

A month later, on June 22, 1926, a conference was called by the Department of

Commerce to advise the Department on the technical aspects of radio aids to air navigation.

Dr. Dellinger presided over the conference that was attended by representatives of other

Government departments, commercial air transport companies, and several technical

groups.
53 Out of this conference came 15 conclusions on steps to take in meeting the

technical requirements of the Air Commerce Act. The Radio Section would play a prominent
role in these programs for the following 7 years.

The Air Commerce Act led to the creation of the Aeronautics Branch in the

Department of Commerce in July, 1926, under the guidance of William P. McCracken, Jr.,

Assistant Secretary of Commerce for Aeronautics. Very soon thereafter its research division

was organized within the Bureau's Radio Section. Thus was born within the Radio Section

in the summer of 1926 the organizational elements and the means of developing radio aids

for air navigation that within a few years would lead to the very successful development of

the ILS (instrument landing system) for aviation—one of the major all-time contributions by

NBS to technology and to the Nation.

b) Out of the laboratory and into field operations

The early stages of development of a radio air navigation system called for radio

direction beacons, radio marker beacons to serve as "mileposts," and a radio telephone

system by which the pilot could receive weather information along his route and
instructions for selection of a landing field [26,27].

1) The field site at College Park, Md.

With these objectives for development clearly in perspective, and with financial support

by the Aeronautics Branch, during the summer of 1926 the Radio Section set about to

develop field facilities at the airport at College Park, Md. (a few miles to the northeast of the

District of Columbia).
54 The installation would serve as an experimental station for air

navigation by radio and as a prototype for future stations around the United States. A 70-

foot wood tower served as the apex support for two triangular single-turn antennas modeled

after the design of Engel and Dunmore and installed at Dayton, Ohio in 1921. By making
use of the goniometer adapted by the Army Air Service, the radiated beams could be set in

various directions without turning the antennas. The antennas were fed by a 500-watt

transmitter, operating at 290 kHz (aircraft beacons were assigned the frequency band of 285

to 315 kHz by the 1927 International Radio Convention). To complete the complement of

ground-installed equipment at this first experimental station required a 500-watt radio

telephone transmitter operating in the band of 500 to 550 kHz (later in the 315- to 350-kHz

band), and a 5-watt marker beacon operating at 290 kHz.

°2 The action was initiated at the insistence of Herbert Hoover, then Secretary of Commerce, who urged the Morrow
Board to take all steps necessary to place commercial aviation services on a firm footing. Hoover believed that "the

foundation for military aviation was a strong commercial service." The Morrow Board had been instrumental in

bringing other aviation legislation out of Congress.
53 The Monthly Report of June 1926 stated under the topic of Government Radio:

By a recent Act of Congress the maintenance of landing fields and air routes for civil aviation

has been put under the jurisdiction of the Department of Commerce. This Section has been

requested to develop as rapidly as possible the various radio aids to aviation. Several conferences

have been held with members of the Department of Commerce, other Government

representatives, and representatives of commercial aviation companies. Mr. Dunmore and the

Section Chief were in Dayton, Ohio, June 6 to 8 inspecting the work which has been done by the

Army on aviation beacons. Work on radio aids to navigation is being expanded as rapidly as men
and materials can be obtained. A report (R520Q) "Use of radio in air navigation", was prepared

by the Section chief.

54
This airport was privately owned (Newman Estate) and was operated by the Brinkerhoff Flying Service. Previous

to its being leased for use by the Bureau, the facility had been used as an airmail field by the Post Office

Department.
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Seventy-foot wood tower radio beacon erected at College Park, Md. Airfield in 1926. Single-wire triangular antennas

in two vertical planes replaced the earlier coil antennas used by Dunmore. A goniometer housed at base of tower

provided for an equisignal beacon that could be rotated in azimuth for the desired directions. The ^-course beacon

was expanded later into a 12-course beacon.

Experimental transmitting equipment at base of radio beacon tower. College Park, Md. Goniometer (mutual inductor

in antenna feed to control direction of transmitted signals) in foreground. Another type ofgoniometer at right.

Concurrent with the installation of field-site equipment, a laboratory model of a beacon

system was developed and constructed. It could be used for experimental purposes without

resorting to full-scale equipment. Also, flight tests were made of a beacon system installed

by the Ford Motor Co. at Dearborn, Mich, for use by Stout Air Services. This system was a

commercial venture on the part of the Ford Motor Co. and was useful to the Radio Section

as a means of gaining information on radio beacons.

By January 1927, experimental flights were made at College Park testing the radio

beacon and the tuned-reed equipment mounted in a plane. Many improvements were made
during the following months.
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Radio Section personnel associated with early development of the radio beacon for civil airways, with plane used in

the earliest experiments—photo, May 31, 1927. Left to right: Dellinger, Dunmore, P. T. Howard. J. Wells, F. G.

Gardner, and C. B. Hempel. In plane: H. Pratt and E. Z. Stowell. Diamond would join the group within 2 months.

With the aid of the Post Office Department, a radio beacon was installed at the Air

Mail Field, Bellefonte, Pa., located on the airmail route between New York and Cleveland.

This site, near the center of Pennsylvania, was selected because of its location on an airway

route and its location in a rugged section of the Allegheny Mountains. The site was in sharp

contrast to the flat terrain at College Park. The area was the scene of several fatal airplane

accidents in the early days of the airmail service. This radio beacon was in operation by July

1927 for experimental purposes.

2) The "night effect" on the radio beacon system

It was in August of 1927 that Haraden Pratt was looking for the possible effects of the

"night effect" upon direction finders caused by signal reflection from the ionosphere (the

horizontal component of reflected signals introduced bearing errors in conventional

direction finders).
05

It was not unexpected to find the night effect present when he first took

bearings at about 90 miles distance from the Bellefonte beacon. Later observations indicated

no serious shifting in indicated direction out to 20 miles distance. The beacon was fairly

dependable at 50 miles, but was useless at 125 miles at night. Azimuth errors, beyond 100

miles distance, could be as much as 100 degrees in the reading from the true bearings, but

usually no greater than 25 degrees. The solution to the problem was substitution of a

vertical rod antenna on the aircraft for the weighted trailing wire antenna that was being

used. The vertical antenna (6 to 8 feet above the fuselage) minimized the effect of the

horizontal component of the wave reflected or refracted from the ionosphere. Tests began to

prove that reliability of direction with the rod antenna was within 2 to 5 degrees. Daylight

reception provided an operating range of 100 miles. A few years later Diamond would come

up with an even better solution.

3) Radio receivers for the airways

High-quality radio receivers were vital components of the equipment being designed by

the Radio Section for use on the Civil Airways. The 1927 International Radio Conference

allocated the 285- to 315-kHz band for radio beacon service and the adjacent 315- to 350-kHz

band for aircraft communication service, both bands for international use. Pratt and

Diamond were assigned this phase of the rapidly expanding program.

55 Haraden Pratt entered the Radio Section March 17, 1927, with the grade of radio engineer. He resigned July 31,

1928, to become vice president and chief engineer of the Mackay Radio Telegraph Co. In 1938 he was president of

the IRE and was a director for 27 years. He also held the offices of secretary and of treasurer. On July 31, 1951,

President Truman appointed Pratt to the newly-created post of Telecommunications Advisor to the President, at

the time, the highest appointed position in the communications field.
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Harry Diamond with small seven-tube airplane receiver that he aided in designing for radio beacon visual

indicators—photographed April 6, 1928. Diamond entered the Radio Section July 1927.

Because the receivers operated from the rather short antenna, they had to be especially

sensitive, and consequently they incorporated three stages of RF amplification plus

regeneration. Other design features were rugged construction to withstand vibration, high

selectivity over the band of 285 to 350 kHz, and operation on automatic volume control (a

later feature). After completion of the prototypes, production of the receivers was turned

over to several manufacturers.

4) Wrestling with ignition noise

Ignition noise was not a new problem to the Radio Section in the development of the

Department of Commerce navigation system. It had been encountered back in 1921. At that

time, during the development of several projects for the Army Air Service, Charles T. Zahn
had experimented with the shielding of aircraft engines to minimize the noise at radio

frequencies that was produced by the ignition system. Tests were conducted on an engine

operating in the high-altitude chamber of the Bureau's Dynamometer Laboratory.

With the use of very sensitive receivers on board the aircraft, it was essential that all

portions of the engine associated with the ignition system be very well shielded. Metal

tubing and braided metal cable, joined with interlocking fittings, provided for a complete

metal housing of the spark plugs, magnetos, distributors, and the ignition switch. Diamond
and F. G. Gardner guided the program in cooperation with manufacturers of items that

made up the various components of the ignition system [28]. Results of their efforts were

aircraft engines that were completely shielded to the extent that no ignition noise was
evidenced in the aircraft receivers. It was another facet of development that spelled success

for the total program.

5) The marker beacons

Not only did the pilot need to know that he was on a beacon course, in following a

designated airway, but he needed to know his location along the course. Radio marker
beacons were developed for this purpose, particularly for use in the vicinity of landing fields

or at the intersection of two beacon courses. Transmitters of but a few watts output were
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used as the beacon signal needed to be radiated only a few miles. The marker beacons
operated at the same frequency as the direction beacon. Several types of antennas were usee

depending upon local requirements of radiation patterns. At first, aural signals were used
later Dunmore developed a 40-Hz vibrating-reed visual indicator for the marker beacon
signal.

c) Improving the air navigation system

During 1927 and 1928 a directive radio beacon system of the aural type was in operation

on the airway between Hadley Field (New Brunswick, N.J.), Bellefonte, Pa., and Cleveland,

Ohio. This had been installed by the Airways Division (Bureau of Lighthouses), Department
of Commerce. Problems were encountered in orienting the beam courses to the airway
directions and with coding of the beacons that resulted in interference. F. G. Kear56 and W.
E. Jackson took a hand in solving the problems and brought the beacon system into

satisfactory operation.

With the rapid growth of the airmail service and passenger service, most of the larger

airfields required a multiple-beacon course system for the airways converging into one field.

The first step taken by the Radio Section was to modify the design of the directive beacon at

College Park in order to accommodate four courses. Several methods were used including

the use of an auxiliary vertical antenna. From the 4-course beacon a bold step was taken to

develop a 12-course beacon, for the need came all too soon. By May 1929 an experimental 12-

course beacon was in operation at the College Park site.
57

06 Frank G. Kear entered the Radio Section on September 20, 1928, and resigned September 22, 1931. He earned a

doctoral degree at MIT in 1933 with a dissertation on the elimination of night effect in radio range beacons. Since

1944 he has been a consulting radio engineer in Washington, D.C.

o7 The 12-course directive beacon went through several stages of development before a completely satisfactory

system was attained. The resultant system was that of retaining the double-coil loop antenna, but fed by three RF
power amplifiers through a goniometer of three stator and three rotor coils. Each of the power amplifiers was
switched at its grid input by a three-phase voltage source that energized each amplifier in turn by a displacement

of 120 degrees in time phase. The three phases of a 290-kHz carrier were each modulated at a different low

frequency, viz: 65, 86.7, and 108.3 Hz. The result was 12 beacon courses of equisignal zones ranging from 1 to about

3 degrees in width, with the angles between the 12 courses controllable over a considerable range. This multicourse

system was the development of Diamond and Kear.

For a complete system, the 12-course beacon required an indicator aboard the plane that would be applicable to

all 12 courses, yet reasonably simple to the pilot in its operation. Again, Dunmore made a novel contribution. By
utilizing 3 tuned reeds (65, 86.7, and 108.3 Hz) and a 6-color coding scheme that tied the indicator operation to a

color coding on an airways map, he was able to give the pilot a simple means of accommodating guidance

indications to any 1 of 12 beacon courses of an airways junction, both in approaching and departing from the

junction.

Francis W. Dunmore with one form of the vibrating-reed radio beacon course indicator that he developed for radio

navigation.
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Dellinger points out features of vibrating-reed type runway course indicator to William P. McCracken, Jr., the first

Assistant Secretary of Commerce for Aeronautics (in flying suit)—photographed March 20, 1928.
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4. The Bureau's instrument landing system

Kolster's first effort in 1918 of developing an induction signaling system as an al

landing an airplane began at a frequency of 500 Hz. Later, other methods brought the

operating frequency into the RF region. Within a decade after Kolster's initial work, the

Radio Section was embarking on a radio landing aid that would be operating near 100 MHz.
The fast growing radio industry brought on developments in vacuum tubes and associated

circuitry that made it possible to develop landing aids that were designed at the very

frontier of the radio art.

a) A mission to Europe

In the summer of 1927 Dellinger visited five European countries that were developing

navigational aids and landing systems for aircraft. He found at one airfield in England and
one in France that "leader cables" were being used in the development of landing aids. The
English system, in essence, was much the same as the type Kolster experimented with in

1918 and 1919, that of an induction field in the vicinity of the airfield. It was formed by an
underground cable looped around the airfield and energized at 34 Hz. One French system

used a cable as a guidance system between two airfields. This cable, energized at 1200 Hz,

served the same purpose as the Bureau's radio direction beacon, but at a much greater cost

for the cable system.

b) Assisting in a fog landing system

Early in 1929 the Radio Section entered into a cooperative program in fog landing

experiments with the Guggenheim Fund for the Promotion of Aeronautics and with the

Sperry Development Co. A runway localizing beacon and marker beacon were installed at

Mitchel Field, Long Island, for visual indication in the cockpit of a plane. An aural type of

beacon was already in place to serve as the directive or range beacon. The service of Lt.

James H. Doolittle (later General) of the Army Air Service was enlisted by the Guggenheim
Fund to perform a series of landing experiments. By means of newly developed attitude

instruments, including an artificial horizon indicator and a directional gyroscope, plus a

sensitive altimeter that could be corrected for barometric pressure from radio information,

there was available a method of landing a plane under fog conditions. In September of 1929

Lt. Doolittle performed a series of successful hooded landings at the airfield, including

several under heavy fog conditions, the first such landings of their kind. Although progress

was being made at blind landing an aircraft, this combination of the radio beacon, marker
beacon, and cockpit instruments left much to be desired. A radio landing beam to indicate a

more exact glide path would be the answer.

c) The Bureau s radio system of blind landing

Simultaneously with the development work on a fog landing system at Mitchel Field,

experiments were being carried on at the College Park airfield on a radio method of

providing a glide path for airplanes to make precision contact with the airfield surface.

Initial tests in June 1929 with the loop antenna of a marker beacon were unsuccessful. The

lack of success quickly initiated a study and early development of a landing beacon and a

complete instrument landing system [29,30].

Progress in development did not follow at a uniform rate. There was much trial and

error in the experiments performed during the next several years. Until the test pilots were

satisfied and felt confident with the system being developed, the team of workers could not

let up on their labors. By 1933 success with the instrument landing system was assured.

Working on this project were Diamond and Dunmore, assisted by Kear, Hinman, and others.

To make a safe and precision landing by means of a radio guidance system required

three subsystems to coordinate the movement and positioning of the plane to the landing

point after the plane had approached the airfield. These were the runway localizing beacon,

the boundary marker beacon, and the landing beam. Each of these subsystems went through

various stages of development from 1929 to 1933. In the vicinity of the airfield would also be

the directive or range beacon by which the pilot or navigator followed an airway to the

landing field.
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1) The runway localizing beacon

Required for the runway localizing beacon was a version of the airway directive beacon

scaled down in size, plus refinements to provide for a precision landing path on the airfield.

Except for the necessary refinements and some changes of the indicating system, this

subsystem was fairly well developed in the directive beacon that had been in use for some

time on the fixed airways.
58

58 The localizing beam at College Park was designed to operate at one end of the beacon frequency band (285 to 315

kHz) for the directive beacon, thereby both beacons could come in on the same receiver. As the pilot approached the

airfield he would switch from the directive beacon frequency to the runway localizing beacon frequency. Since the

beacon was housed at the airfield boundary, the double-coil loop antenna was made small to minimize its

obstructiveness to aircraft. Effective radiation needed to be out to approximately 15 miles.

The design directional characteristics of the antenna were such that the horizontal plane had a pattern of a

very elongated lobe of the form cos n6 ("n" is number of wavelengths and "0" the polar angle, with "n" very large

for a narrow beam). The aircraft would follow along the axis of the lobe or the line of maximum field intensity.

A reed-type indicator was used in the early experiments. Later, a pointer-type indicator was used to show the

on-course location of the aircraft in respect to the beacon. Incorporation of a needed automatic volume control in

the receiving circuit yielded the extra bonus of an indicating instrument that showed the approximate distance, in

miles, of the plane from the airfield.

Distance indicator to show approximate distance ofplane from runway (actually, distance from the airfield marker

beacon transmitter).

Early pointer-type runway localizer beacon course indicator. A later development of the vibrating-reed indicator,

differing only in visual display to pilot.
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2) Boundary marker beacon

In the early design for the College Park airfield the low-power boundary marker beacon
was fed to a double-coil antenna and the received signal observed visually on a 40-

vibrating reed. In passing over the marker beacon the pilot observed a "zero" signal. In

later design quite an opposite indication was used with a very long horizontal antenna
located 90 degrees to the localizing beam. Observation was made aurally (reducing the

number of visual indicating instruments to be observed), a "maximum" signal indicating the

crossing of the marker beacon antenna.

3) The landing beam

The early success attained by the team on the landing beam project can be attributed to

two factors, the use of short radio waves and the recent mention of a new type of antenna.

Required was a type of directive antenna that would provide a proper glide path for the

landing aircraft. Such an antenna system had been invented a short time before (1926) by

Yagi and Uda of Japan [31].
59,60 To keep the directive antenna within reasonable size it was

necessary to use a short wavelength transmitter. The frequency selected was 93.7 MHz (3.2

meters). By 1929, high-power (500 watts) transmitting tubes were available at this frequency.

The transmitter circuit was mounted on a horizontal wood beam along with the directive

antenna array. The entire assembly was located at the far end of the landing strip at the

College Park airfield. The broadly tuned receiver was a relatively simple two-tube device

that served, essentially, as a vacuum-tube voltmeter with a pointer indicator (a

mircroammeter). A small dipole mounted above the wing of the aircraft served as the

antenna for the horizontally polarized waves radiated by the Yagi antenna.
1 ' 1

4) Proving the radio system of landing aids

Many flight tests for each of the subsystems (runway beacon, marker beacon, and

landing beam) had to be made over the period of development. During the summer of 1931

preparations were made for shakedown tests of the complete radio system. For these tests a

"Fledging" plane, a product of the Curtiss Aeroplane Co., had been procured. It was a two-

place open cockpit biplane, fitted with a radial, air-cooled engine. The pilot's cockpit was
provided with a hood for blind flying. A copilot could take over in emergencies during blind

operations. After a number of test flights, using the complete system, Marshall S. Boggs, a

Department of Commerce pilot, with James L. Kinney as check pilot, made the first

completely blind landing on September 5, 1931.
62

This historic flight at the College Park
airfield ushered in a new era in aviation, that of a successful radio guidance system for

09
This high-gain, directional VHF and UHF antenna is now commonly called the Yagi antenna or simply a "Yagi."

It is much used for TV and FM reception and by amateurs.

60
In the discussion of Yagi's IRE paper (see reference [31]) Dellinger stated:

Professor Yagi's remarkable work stimulates thought of a radical order. I venture to suggest that

before many years radio operations will generally be considered divided into two classes,

broadcasting and directive radio. . . . Not only in this ingenious suggestion but throughout a

wide field of basic possibilities in directive radio, Professor Yagi has done exceptional

fundamental work and has set forth a series of principles which will unquestionably guide much
of the further development. ... In conclusion, I would like to say that I have never listened to a

paper that I felt so sure was destined to be a classic.

61 The design directional characteristics of the transmitting antenna were such that the vertical plane had a

pattern of a very elongated lobe of the form cos nd. The antenna was directed so that the axis of the lobe was at a

small angle above the horizontal. Upon entering the radiation field of the antenna the pilot would select a curved,

equal-field-intensity path below the lobe's axis by means of the pointer indicator located in the cockpit. By keeping

the pointer at a constant position (pointer horizontal at center of scale) the pilot would be following an equal-

intensity path that was an acceptable glide path for landing the aircraft. A rise of the pointer above the horizontal

position indicated that the aircraft was above the proper glide path, and below the horizontal position indicated

that the aircraft was below the path. It was to Dunmore that credit was given for this novel idea.

After early experiments it was found to be advantageous to the pilot to have the two pointer indicators

incorporated into one instrument. By keeping the two pointers intersected at a central spot on the indicator face,

the pilot was on course on the runway localizing beam and on the proper path on the landing beam.

62
Pilot Marshall S. Boggs, who had pioneered in the early test flights at College Park, was killed in an air crash on

January 26, 1933, in the southwestern part of the United States while on other duties.
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Earliest form of directive antenna array at College Park Airfield for glide-angle or landing beam for blind landing

of aircraft. A 93. 7-MHz transmitting oscillator fed the radiating dipole antennas. Other horizontal antennas

served to direct the narrow landing beam.

Three-dimensional diagram of radio system developed by Radio Section for blind landing of aircraft. Plane

approaches from right.
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Early form of landing beam indicator. Used by pilot to follow proper glide angle in a blind landing.

BUREAU OF STANDARDS RADIO SYSTEM FOR BLIND LANDING OF AIRCRAFT .

COMBINED LANDING INSTRUMENT INDICATIONS,
AIRPLANE TO LEFT OF AIRPLANE OVER THE AIRPLANE TO RIGHT OF
RUNWAY AND ABOVE THE RUNWAY AND ON THE RUNWAY AND BELOW THE
PROPER LANDING PATH. PROPER LANDING PATH. PROPER. LANDING PATH.

A = LANDING BEAM AND RUNWAY LOCALIZE-R BEACON

The two pointer-type instruments were successfully combined, alloiving the pilot to easily observe on one instrument

the position of his plane in relation to the runway localizer beacon course and the landing beam. When the two

pointers intersected at the central circle, the pilot was "on the beam.
"
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Department of Commerce pilot Marshall S. Boggs (left) and Colonel Clarence Young, Assistant Secretary of
Commerce for Aeronautics, with Curtiss "Fledging" biplane used to make the historic first blind landing by radio

navigation on September 5, 1931, at the College Park, Md. Airfield. Vertical antenna, located behind hooded

cockpit, received signals from the runway localizing beam. Double horizontal antenna above upper wing received

the glide-path signals.

Instrument panel of Curtiss "Fledging" as it appeared for the historic blind landings of September 5, 1931. The cross-

pointer indicator to show both runway localizing beacon path and glide path can be seen above the ball-type bank

indicator (just above handle grip of "joy" or control stick). To right of cross-pointer indicator is a reed indicator

that could be used as an alternate indicator of beacon path. Further right is the distance indicator (round, white-

faced dial), graduated to 7 miles, to show approximate distance from airfield.
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aircraft. It was later to be known as the Instrument Landing System (ILS). In May 1932, the
Aeronautics Branch of the Department of Commerce licensed the first pilot with a

Scheduled Air Transport Rating (SATR) for instrument and radio-flight proficiency.

In August 1931, just preceding the very successful blind landing test, the city of

Newark, N.J. requested the installation of a complete radio guidance system at the Newark
Airport. For many months thereafter the Radio Section found itself involved in the
development of this new facility including participation in the many tests to check out the

system. It was during the checkouts that another flight of historic significance was made. In

a demonstration of the entire radio system of navigation and landing, a flight was made
from College Park to Newark on March 20, 1933, under adverse conditions of visibility over

the entire route. With James L. Kinney of the Aeronautics Branch as pilot, and Harry
Diamond and a mechanic as passengers, the plane left College Park in a very low ceiling of

clouds. The pilot followed the beacon course to New Brunswick, N.J. and on to Newark,
flying at an altitude of 3000 feet. The airport at Newark was closed to all air traffic, yet pilot

Kinney landed the plane without difficulty by means of the radio landing facilities, seeing

the runway only during the last 100 feet of descent.

Beginning with the successful flight tests at College Park in the fall of 1931, and
continuing for the next 2 years, the radio landing system was demonstrated to many
Government officials, newspaper reporters, aircraft and airline representatives, and foreign

visitors.
63 A number of planes in service by the Aeronautics Branch were fitted with

complete equipment for navigation and blind landing by radio. However, problems
remained. Not all of the directive beacon courses were satisfactory, particularly in

mountainous areas at distances greater than 30 miles from the range-beacon station. A
solution to this problem was achieved by Diamond in 1932 with much success—the

development of a transmission line antenna system for radio range-beacon transmitters to

minimize or eliminate the night effect caused by radiation of horizontally polarized

components from loop antennas (or crossed-loop antennas of range beacons).
64

In case of

strong winds from various directions one runway and one landing beam would not suffice.

Although further developments were needed, the Radio Section program came to a series of

halting actions, beginning in June 1933 and continuing to October as the result of a drastic

economy move that struck the entire Bureau. 65 From a total of 44 persons in the Radio

Section in June the number was reduced to 17 a few months later.
66 Much of the

curtailment was in the air navigation program. By October the only remaining projects of

the program were the landing beam and a study of the lack of dependability associated with

several of the western airway beacon systems. In contrast to the work curtailment, the blind

63
In the following years visual-type radio beacons and the blind landing system of the type developed by the Bureau

were installed in a number of European countries.

64
Previously, Pratt had considerable success in minimizing radio-beacon errors by use of a vertical antenna for the

plane-mounted receiver (see p. 155). However, elimination of errors was not complete. Also, a vertical rod antenna

is subject to ice formation with deleterious effects, although this hazard could be reduced by use of a symmetrical T
antenna (either transverse or longitudinal with the fuselage) fitted with a short vertical lead-in—a development by

Diamond and Gomer L. Davies.

Diamond achieved success in eliminating the night effect by improvements to several types of directional

transmitting antennas developed in England during the early 1920's. These antenna systems were developed

independently by Alcock, by Eckersley, and by others, to minimize the night effect caused by reflections from the

ionosphere. This was accomplished by minimizing or eliminating the horizontally polarized component of the

transmitted wave. Diamond ingeniously accomplished this by using transmission lines and transformer

arrangements to feed each of four vertical antennas in order to eliminate horizontal radiation from the crossed-loop

antenna system of the range beacon, at College Park, Md., with consequent elimination of the night effect [32]. A
small coil antenna on the plane obviated the need of a vertical antenna or of a symmetrical T antenna.

65 The reader is referred to Cochrane's Measures for Progress, pp. 344-357, "Curtailment by Limitation of Funds," for

an account of the economy actions.

66 Among those of the Radio Section enmeshed in the reduction-in-force action were Frank G. Kear, Gomer L.

Davies, W. H. Orton, and D. O. Lybrand, who almost immediately established the Washington Institute of

Technology. Kear served as chief engineer from 1933 to 1941. The Institute was primarily an organization of 10 or

12 professional engineers engaging in development work. In the early years it was located at the airport at College

Park, Md., where the Bureau's radio beacon and blind landing system had been developed.

It is interesting to note that among the others separated from the Radio Section and the Bureau on June 30,

1933, was Lloyd V. Berkner who later became a world-famed scientist (see ch. VII, footnote 37).
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landing program was receiving a great amount of publicity in newspapers and magazines.
By July 1934 the 8-year development program with the Aeronautics Branch was completely
phased out. After 8 years the aeronautical radio research facilities at College Park, Md.
were discontinued. All experimental equipment at College Park was moved to the Radio
Building or to the Beltsville site.

5) Postlude to the radio system of landing aids

During the phasing-out period of FY 1933 the team of workers was assisting in the

installation and testing of navigation aids at airports in various parts of the country and two
in particular, at Newark, N.J., and Oakland, Calif. In the same period the studies on the

lack of dependability of several airway beacon systems (known in reports as "bent and
multiple courses") did not yield definite conclusions on the causes. Various corrective

measures were taken with some degree of success.

Aircraft not regularly using the airway radio beacons were not fitted with the special

receiving equipment, yet had need for some device whereby the pilots could home on radio

transmitters. Even a broadcast station would serve to orient a pilot if he lost his bearings in

a sudden change to adverse weather. A reliable direction-finding antenna fitted to a

relatively low-cost multiband receiver would suffice. Toward this objective Hinman
developed such a homing device [33].

67 A loop antenna was used, with periodic grounding of

each end at a rapid rate by electronic control, that gave the desired two-way, yet

unidirectional, pattern. A pointer-type course indicator on the instrument panel provided

visual observation of the pilot's homing maneuvers.

Early in 1931, during the development of the radio landing beam, Diamond and
Dunmore planned for the eventual location of the antenna to be underground near the

center of the airfield. A study and experiments showed that a steeper and more desirable

glide path could be achieved with a dipole antenna at the surface or just below the surface

in a pit. In time, at the desire of the pilots, the curved glide path was brought to a straight

line. Approach lights were also added to the airfields, which made for more accurate

touchdown of the aircraft to the runway surface.

Emerging from all of the later developments came the overall system that was
designated as the Instrument Landing System, or simply ILS. But with the use of radar in

the early 1940's by the military, another equally important system was developed, known as

Ground-Controlled Approach or, simply GCA. For informative accounts of these and other

systems and their development, the reader is referred to a special issue of the IRE
Transactions ofAeronautical and Navigational Electronics of June 1959 [34].

d ) The aftermath of patents in abundance

During the 8-year period of the development of radio aids to air navigation a

surprisingly large number of patents were filed by personnel of the Radio Section, but

mainly by Diamond and by Dunmore. No doubt the number was the largest associated with

any one program in the Bureau's 75 years. Several of the patents were somewhat beyond the

immediate requirements of the Bureau's program with the Department of Commerce, e.g.,

patents on collision prevention.

1) Collision prevention

In the summer of 1933, after the Aeronautics Branch began to curtail its program at

College Park, Diamond and Dunmore started some laboratory experiments on collision

f'7 Hinman filed for a patent on September 6, 1933. Patent 2,145,876 was issued February 7, 1937, entitled "Radio

direction finder."
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prevention for aircraft.'' There appears to be no evidence of the patented methods bein*

utilized but the subject is as much alive today as it has been for several decades.

2) Automatic control for landing of aircraft

With Dunmore's turn of mind for ingenious devices it was quite natural that he would
devise some equipment to add to the blind landing system for greater ease of operation.

Thus he invented some automatic controls for landing of aircraft during a blind landing
maneuver. One of his patents was on automatic control of elevation, another on steering

during descent and landing.
69

3) The many patents on radio beacons and blind landing system

No less than 19 patents were issued to personnel of the Radio Section as a result of the

radio navigation program with the Aeronautics Branch of the Department of Commerce. In

addition were the several patents, cited above, that were closely related to the Department's
program. This creditable list of patents is cited below.

70

68 Beginning in July 1930 and extending for about 1 year, some initial experiments were undertaken by the Radio
Section on collision prevention of planes within a proximity of 3 miles. Progress was slow because of difficulties

encountered with the ultra high frequency equipment used on board the planes. Renewing the project in 1933, the

first of several schemes of collision prevention used a combination transmitter and receiver, fitted with two
antennas, whereby the device would transmit and receive at half-cycle intervals of an alternating current source.

Signals from a nearby aircraft, fitted with the same equipment, would indicate its presence on a panel meter.*

*It is interesting that about 10 years later Diamond would be a member of a project at NBS that developed the

radio proximity fuze that used a combination of transmitter and receiver to evidence the proximity of a target, but

used a reflected signal rather than one developed by a nearby combination of receiver and transmitter.

Diamond and Dunmore filed for a patent on July 18, 1933. Patent 1,989,086 was issued January 29, 1935,

entitled "Radio warning signal."

Dunmore's other method involved a short-range transmitter, radiating vertical-polarized waves, and a receiver

with a loop antenna operating as a direction finder, the combination mounted in each aircraft. In general, these

would be tuned to the same frequency on all aircraft, particularly on those flying the same airway.

Dunmore filed for a patent on May 11, 1933. Patent 2,146,724 was issued February 14, 1939, entitled "Radio

system for collision prevention."

Several years later (in 1936 at the request of the Bureau of Air Commerce) Dunmore invented a much more
sophisticated method of indicating the proximity of aircraft. Again each aircraft would carry a transmitter and
receiver. For several years Diamond and Dunmore had been experimenting with the higher radio frequencies, and
Dunmore suggested a wavelength of 3.5 meters (86 MHz) for the proximity indicator. There were several

arrangements to Dunmore's method. The more simple one used but one transmitter and one receiver on each of the

planes using the system. A warning light would indicate the proximity of a plane (within 20 miles) and its altitude.

The pilot receiving this information would then signal the other pilot (by a coded signal) his intention of increasing

or decreasing his altitude, thereby taking a new yet known course to avoid possible collision.

Dunmore filed for a patent on May 10, 1937. Patent 2,157,122 was issued May 9, 1939, entitled "Warning
system for indicating the proximity of aircraft."

69 The purpose of automatic control during a blind landing operation was stated by Dunmore in one of the patents:

Heretofore it has been necessary for a pilot to perform many operations during a blind landing,

taxing his skill to the utmost. With the herein disclosed systems (elevation control) for

automatically controlling the aircraft during the glide, the pilot may merely set into operation

an automatic air speed control and start the aircraft off on a runway localizer course some 6 or 7

miles out from the field, preferably at a predetermined altitude.

Dunmore filed for the patent on March 3, 1936. Patent 2,133,285 was issued October 18, 1938, entitled "Radio

system for automatic control of aircraft, as during landing."

A second corollary patent for control of steering was filed on the same date as that on elevation control, March

3, 1936. Patent 2,137,241 was issued November 22, 1938, entitled "Automatic steering system."

70 H. Diamond. Method of adjusting radio beacon courses. Filed November 24, 1931. Patent 1,910,427 issued May 23,

1933.

H. Diamond and F. G. Kear. Triple-modulation directive radio beacon system. Filed March 9, 1932. Patent

1,913,918 issued June 13, 1933.

H. Diamond and F. W. Dunmore. Course shift-indicator for the double-modulation type radio beacons. Filed

July 6, 1931. Patent 1,923,920 issued August 22, 1933.

F. G. Kear. Radio beacon course shifting method. Filed November 24, 1931. Patent 1,923,934 issued August 22,

1933.

H. Diamond. Twelve-course aural type, triple modulation directive radio beacon. Filed October 29, 1932. Patent

1,961,206 issued June 5, 1934.
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