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POLICING THE ETHER 293 

Bureau turned again to the study of radio fading—"the vagaries of radio 
wave propagation," in the Bureau's blanket term—that by the mid-twenties 
had come to be considered "the principal obstacle to radio development." 211 

A survey several years before had dispelled the belief that increasing 
transmitter power would overcome fading, or that high power itself con- 
tributed to the fading phenomenon. It was learned that appreciable fading 
occurred as close as 8 miles distant from a broadcasting station and that the 
irregularities in reception resulted in part at least from the multiplicity of 
paths followed by the wave from the station to the receiving set. The primary 
sources of fading seemed associated with the ionized air of the Kennelly- 
Heaviside layer, a radio-wave conducting surface identified with the iono- 
sphere, some 60 miles up.212 

Aware that the task of measuring even some of the phenomena of 
radio fading was beyond its powers, the Bureau group under Dellinger 
secured the cooperation of 23 university, industrial, and commercial radio 
laboratories in recording fading data. General Electric's station WGY and 
the Westinghouse station KDKA provided the transmission. It took more 
than a year to sort out the collected data, but the figures seemed to establish 
a number of facts that had previously been only surmises. 

Fading was greatest from 60 to 125 miles from the broadcasting 
stations, and was almost certainly due to variable absorption of the trans- 
mitted waves in the upper atmosphere. The phenomenon occurred between 
the ground-transmitted wave and the wave that returned, from the ionosphere. 
While there' seemed no consistent correlation between fading and weather con- 
ditions, day and night variations in the degree of fading were consistent, and 
during the solar eclipse that occurred in 1925, the fading phenomenon 
mimicked the day and night fading pattern.213 

Although fading was quite pronounced on the shorter wavelengths 
of high frequency transmission, the Bureau was to learn that it presented 
even greater difficulties at very high frequencies. Except for Austin's work 
in the Navy radio laboratory at the Bureau,214 the possibilities of shortwave 
(very high frequency) radio communication had been neglected in the ex- 

citement of the work in broadcasting. The shortwave spectrum had been 
briefly explored in 1922 when the Army Air Service complained to the Bu- 

211 NBS Annual Report 1926, p. 19. Dellinger discussed the scope of the problem in "The 
International Union of Scientific Radio Telegraphy," Science, 64, 638 (1926). 
212 The first suggestion of ionized or "electrically conducting strata" in the upper region 
of the atmosphere in connection with radio wave propagation was reported simultane- 
ously by Sir Oliver Heaviside in England and Arthur H. Kennelly in this country at 
the turn of the century. See Kennelly in Elec. World & Eng. 39, 473 (1902), and 
account in S476 (Dellinger, Whittemore, and Kruse, 1923). 
213 S561 (Dellinger, Jolliffe, and Parkinson, 1927); NBS Annual Report 1928, p. 8. 
214 Described in LC194 (Mar. 10, 1926). 
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reau of increasing interference in its radio reception. Dellinger's group 
found at that time that in the narrower band of frequencies utilized by radio 
telephony interference was greatly reduced. Although uncertain of the prac- 
ticability of using that band, the Bureau developed apparatus transmitting 
and receiving on a frequency of 3000 kc for the Air Service. The two-way 
tests between Washington and Pittsburgh proved successful, with materially 
less broadcast interference as well as less atmospheric fading.215 

By 1925 the vast and previously untrammeled range of frequencies 
between 1500 and 23,000 kc had come into extensive use by transocean com- 
munication companies, in ship telephony, and airplane-to-ground communi- 
cations, and by the military services, amateurs, and broadcast relay stations 
using it to set up the first radio networks. Three years later, the high fre- 
quency channels, as yet unallocated and in common use by all nations, were 
as congested as the broadcast channels had been. Moreover, real knowledge 
of the high frequency spectrum was still meager, use of high frequencies was 
admittedly still in the experimental stage, and despite early optimism it was 
now known that they were "subject to greater vagaries than radio waves of 
lower frequency." 216 

Many of the questions raised by these preliminary observations on 
radio wave propagation and the phenomena of fading would, as Dellinger 
reported, require years of research and development. He might better have 
said "decades," for the quest goes on to this day, increasing in scope as 
knowledge increases.217 In applied radio, where Federal agencies contin- 
ually sought new radio equipment for their air and sea commefce, progress 
was more rapid. 

From its very beginning broadcast radio raised hob with the Bureau's 
radio direction finder (radio compass) on ships trying to pick up signals 
from the shore stations along the coast. No sooner had the Bureau designed 

225 NBS Annual Report 1923, p. 66, and correspondence in NBS Box 10, IEW. 
"° Dellinger, MS, "The high frequency spectrum," Jan. 17, 1928 (NBS Historical File) - 

Of interest is Dellinger's report in the American Year Book for 1928, p. 462, of the 
first transmission by broadcasting and high frequency stations "of pictures and of mov- 
ing pictures and television [via rotating discs and photoelectric cells]. * * * The re- 
ceived moving images were crude silhouettes or barely recognized faces." Television 
remained a laboratory novelty as late as 1940, the year radio reached the peak of its 
popularity, with 45 million sets in 33 million homes, serviced by 882 broadcasting sta- 
tions. William Kenney, The Crucial Years, 1940—45 (New York: Macfadden-Bartell 
Corp., 1962), p. 116. 
217 The American Telephone & Telegraph laboratories began studies of the ionosphere 
in the 1920's, in the interest of long-distance radio communication, but "later recognized 
that this type of work should be carried out by more centralized bodies [Le., the Car- 
negie Institution's Department of Terrestrial Magnetism and the National Bureau of 
Standards] for the benefit of the whole industry." Maclaurin, Invention and Innovation 
in the Radio Industry, pp. 161—162. 
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a special high-frequency radiotelephone for a new fleet of patrol boats put 
in service by the Coast Guard than the Bureau was asked to convert their 
radio compasses to similar high frequency reception. The new radio com- 
pass, using a frequency of 2100 kc led next to a portable unit that the 
Bureau of Navigation sought for shipping, with a useful range of 90 to 
7700 kc.218 

— While the radio compass was useful for locating a radio signal source, 
acting as a radio beacon to guide ships at sea or planes in flight, Federal 
aviation, when it added passengers to its mail flights and extended its opera- 
tions, required greater safeguards than the compass could provide.219 (Euro- 
pean aviation was to rely entirely on radio direction finders for another 
two decades at least.) Shortly after the establishment of the Aeronautical 
Division in Commerce, the Bureau was asked to begin work at once on 
better air navigation aids. 

-The Bureau's first crude radio guidance system for aircraft was tested 
in 1921, when a pilot flew along a course designated by signals sent from 
two transmitting coils on the ground. The prototype radio beacon produced 
2 years later for the Army Air Service was put aside for further work on the 
radio compass. Without passengers, flying the mail was high adventure 
and the pilots liked it that way. Work on a beacon was not resumed until 
1926.220 

It was the inventive talents of Harry Diamond, who came to the 
Bureau in 1927, that resulted 2 years later in the first visual-type radiobeacon 
system anywhere, enabling a pilot to keep on course and know his approxi- 
mate position at all times while in flight.221 Incidental to the system, the 
Bureau constructed receiving sets of special design for use in planes and 
improved shielding against interference from the engine ignition. A year 
later, in 1930, a 15-pound unit that Diamond added to the radio range beacon 

218 S428 (Koister and Dunmore, 1921); NBS Annual Report 1922, p. 57; S525 (Dunmore, 
1926); S536 (Dunmore, 1926). 
219 By 1924 regular day and night mail service had been established between New York 
and San Francisco via Chicago and Cheyenne. By the end of 1928, 48 airways covering 
20,000 miles linked 355 cities in the United States. Slosson, The Great Crusade and 
After, p. 401; Aircraft Year Book, 1929 (New York: Aeronautics Chamber of Com- 
merce of America, Inc.), p. 103. 
"°NBS Annual Report 1921, p. 68; S480 (Engle and Dunmore, 1923). Letter, Harry 
Diamond to Leland Jamieson, Nov. 16, 1939 (NBS Box 431, IEW), credits P. D. Lowell 
of the Bureau with the suggestion for the radio range beacon about 1922, the experi- 
mental work carried out under his guidance in 1922—23 by Engel and Dunmore. 
221 RP1S9 (Dellinger, Diamond, and Dunmore, 1929). 
Born in Russia at the turn of the century, Diamond graduated from MIT and taught 
for 4 years at Lehigh University before he came to the Bureau as a radio engineer. 
His electronic genius served the Bureau and the Nation well, notably during World 
War II. His driving, tireless energy was to bring him to an untimely death in 1948. 
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A Curtiss Fledgling was equipped in 1931 with the first complete system for blind 
landing of an aircraft and demonstrated its practicability by an extensive series of 
hooded landings at College Park, Md., and at Newark Airport. 

The dual-pointer landing indicator on the instrument panel gave the pilot a visual 
indication of his position in space with respect to the approach glide path. Adopted 
and adapted by the Civil Aeronautics Administration, this NBS radio instrument 
landing system is basic to the present universally used ILS blind landing system. 
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and radiotelephone in the cockpit made possible the first blind landing of 
an airplane entirely by radio guidance.222 

Blind flying and blind landing—that is, flying under conditions 
of no visibility—required the pilot to know his position in three dimensions at 
all times. This was achieved with indicators on his instrument panel which 
recorded signals from a small direction beacon, giving the pilot his lateral or 
landing field position; a marker beacon, giving the pilot his longitudinal or 
approach position; and an inclined ultrahigh frequency radio beam that con- 
tinuously reported his height. One important difficulty remained. The 
Commerce Department transmitted weather information to planes on the 
same frequency it used for ships, while the radio beacon operated on a 

different frequency. This meant that the pilot had to keep switching his fre- 
quencies and also contend with interference from marine radios. The diffi- 
culty was solved by adding a device allowing voice communication without 
interruption to the range service.223 

Diamond himself operated the radio in the first of the test series of 
directional and blind flights made between the Bureau experimental air sta- 
tion at College Park, Md., and Newark Airport, the latter chosen because of 
its heavy traffic—even then. The system proved highly satisfactory, and in 
1933 it was turned over to the Department of Commerce.224 

That same year the Bureau devised a new type of radio direction 
finder that operated on the radio waves of broadcasting stations. It was 
designed for the use of itinerant fliers, such as barnstormers and other non- 
government fliers, who did not have the special equipment necessary to use 
the radio range beacon. 225 

The twenties witnessed extraordinary developments in radio tech. 
nology, and extraordinary radio sales. The radio and automobile industries 
were the bellwethers of that most prosperous-seeming of decades, paying the 
highest wages and leading the way in mass production and mass consumption 
techniques. and the standard of living inched up, goods and gro. 
ceries were plentiful and relatively cheap, and boom followed boom, real or 
inflated, in industry, in consumer services, in real estate, and utilities. The 
Nation speculated, buying stock on margin as it bought appliances. The 
bootblack and the grocer took fliers, and life savings went into marginal ac- 

A previous blind landing was achieved in July 1929 when Lt. James Doolittle brought 
down a hooded plane using a sensitive barometric altimeter, a gyro-stabilized horizon, 
together with a radio lateral course indicator and marker beacon supplied by the Bureau. 
223 RP238 (Diamond and Dunmore, 1930); RP341 (Kear and Wintermute, 1931). 

RP602 (Diamond, 1933); Frank G. Kear, "Instrument landing at the NBS," IRE 
Trans. on Aeronautical and Navigation Electronics, vol. ANE—6, No. 2, June 195Q. 

RP621 (Hinman, 19331. 
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counts. 226 The fever struck the Bureau too, but was to some extent con- 
tained. Because of the Bureau's close connection with industry and possible 
access to knowledge that niight be useful, a matter of ethics was involved and 
speculation was quietly discouraged. But no one was exempt from the conse- 
quences of the delirium as the Nation headed for the crash. 

Not "everyone" was in the market, but active speculators, as distinguished from those 
who took fliers, probably numbered close to a million, in a nation of 30 million families. 
John K. Gaibraith, The Great Crash, 1929 (Boston: Houghton Mifihin, 1961), pp. 82—83. 

The Winchester bushel of Henry VII, 

a corn bushel, with a capacity of 
2,150.5 cubic inches. This was the 
first English standard measure of 
capacity of which there is any 
cognizance. 
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a few hours to several days disrupt all sorts of electrical and electronic 
equipment114 in a magnetic storm, the ionosphere tends to absorb signals 
instead of reflecting them, often temporarily knocking out long-distance tele- 

phone lines and scrambling telegraph transmission and the transatlantic 
radio circuits upon which overseas flights depend. The military importance 
of the North Atlantic flight path, which reaches into the auroral zone or zone 
of maximum disturbance, thus made it imperative to know when communica- 
tions were likely to be interrupted. 

Studies of the behavior of radio direction finder bearings and other 
ionospheric and cosmic data over the North Atlantic path gathered by moni- 
toring stations in Europe showed that it was possible to predict the advent 
of a radio disturbance to shortwave communications and issue warnings a few 
hours to half a day or more in advance. Using these data the Bureau's short- 
time warning service was inaugurated in 1943.115 

By the autumn of 1943 adequate solutions to the major difficulties in 
radio weather predicting had been found and the result was the IRPL Radio 
Propagation Handbook that appeared in November as an IRPL issue, an 
Army training manual, and a Navy publication. It described the behavior 
of the ionosphere and the theory behind maximum and lowest useful fre- 
quencies. It discussed the preparation of prediction charts and the tech- 

niques for determination of useful frequencies over any path at any time, to 
the extent that they had become known.'16 The new world of radio explored 
by the handbook bore only remote resemblance to that described in the hand- 
books on elementary electricity, radio circuits, and radio measurements that 
supplied the needs of World War I. 

From 1925 to the end of World War II, the radio section of the Bureau 
was almost wholly engaged in studies of the ionosphere and in radio engi- 

neering projects, including its blind landing system, the radiosonde, the 
proximity fuze, and guided missiles. With a single important exception, 
radio standards work went into somewhat of an eclipse in that period. The 
exception was in new precision frequency measurements. 

For an interesting account of magnetic storms, particularly the great storms of March 
1940 and February 1958, see John Brooks, "The subtle storm," The New Yorker, Feb. 
7, 1959. 
115 Dellinger and N. Smith, "Developments in radio sky-wave propagation research and 
applications during the war," Proc. IRE, 36, 258 (1948). 
"TWo months after the IRPL handbook came out, the Bureau began a 2-week training 
course in the principles of radio weather predicting and methods of problem solution for 
Army Air Force, Signal Corps, and Navy officers and enlisted men. Some after training 
went to oversea communications groups and took charge of assignment of radio operating 
frequencies in the field. Others were sent to training units to organize additional radio 
weather predicting courses. 
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