
1969 Pioneer Award

The Awards Committee of the IEEE Group on Aerospace andi 3 ! ! ! iElectronic Systems has named William Joseph O'Brien and Har-

vey Fisher Schwarz as joint recipients of its annual Pioneer Award
for 1969.
The award is in recognition of the individual and the joint con-

tributions of Mr. O'Brien and Mr. Schwarz to the invention,
development, and implementation of the Decca navigation system
and its variants. Decca was one of the earliest continuous-wave
phase-comparison type hyperbolic (or "differential distance")
radio navigation systems. It has found wide use in maritime service
and is also used in aviation and survey operations.

Details on the life and work of Mr. O'Brien and Mr. Schwarz
are given in the accompanying biographical-historical sketches.
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This year's biographical-historical article on the G-AES Pioneer Award departs fromthe usual format, because of the nature of the relation between the two joint recipients withrespect to the achievements for which they are honored.
In past years, one consolidated article would include, intermixed, biographical detailsand the history of the technical development to which the award winner contributed. Inrespect to Decca, the activities and contributions of Mr. O'Brien and Mr. Schwarz havebeen so intimately-one could say inextricably-intertwined that it appeared to this authorto be more meaningful to the reader, and to the continuity of the story (plus the consider-ation that it makes life easier for the author) to present the article in three parts:
Part I-A biographical sketch of Mr. O'Brien.
Part II-A biographical sketch of Mr. Schwarz.
Part III-The story of the Decca development from the time the two men joined forcesin that project.
The literary procedure adopted might be more understandable to those readers of thisTRANSACTIONS who may have some familiarity with electronics, by explaining it in "equiv-alent circuit" terms. We are dealing here with a "parallel-series" flow. Parts I and II of thefollowing trilogy are individual biographies of Mr. O'Brien and Mr. Schwarz, respectively,proceeding in parallel, up to a junction point where their careers came into firmly bondedcontact; thence, in series, follows the ensuing story of the Decca development.

ROBERT I. COLIN

IEEE TRANSACTIONS ON AEROSPACE AND ELECTRONIC SYSTEMS NOVEMBER 1969 1013



PART I

William Joseph O'Brien was born
in Chicago, Ill., on August 15,
1907. He attended the Lane Tech-
nical High School, in that city,
and the University of Chicago
from 1926 to 1928.

His interest in radio and elec-
tronics, his life-long profession,
developed at an early age. At the
age of 15 he was working evenings

for the Sheridan Radio Company of Chicago. At the age
of 18 he was Chief Engineer for the Bremer Tully Radio
Company, which later became the Brunswick Radio Com-
pany, where he was employed from 1924 to 1929. It was
there that Mr. O'Brien first met fellow employee Harvey
Schwarz, starting a friendship-and later a professional
association-that has lasted through the years.
Next Mr. O'Brien was Senior Engineer on broadcast

receiver design for the Wells Gardner Company. Follow-
ing that, he joined with Mr. Andrews of the Andrews
Hammon Company in the development of inventions.

In 1932 Mr. O'Brien joined the Radio Corporation of
America, where he performed research on radio tubes and
circuits. From 1934 to 1935 he worked for the Hammond
Instrument Company on the design of electric organs. His
next position, from 1935 to 1936, was with the Modern
Research Company, where he worked on the development
of sound-on-film recording techniques. Following this,
during a period of illness, Mr. O'Brien accepted consult-
ing work for the Freedman Transformer Company,
Hammon Clock Company, and the Andrews Hammon
Company.

In 1938 Mr. O'Brien was asked by Mr. Andrews of the
possibility of developing some new method of determin-
ing the absolute speed ("ground speed," as opposed to air
speed) of aircraft. His first thoughts turned to two tech-
niques, one using inertial principles, one using the Dopp-
ler principle. He discarded both approaches as not
promising in view of the then sta,e of the art. (With sub-
sequent advances in components and technology, both
principles have since, as is well known, led to air naviga-
tion equipment in extensive use today.)
Next Mr. O'Brien started to consider the possibilities of

radio systems employing properly synchronized transmis-
sions from two separated ground stations. In 1938 his
reflections culminated in a set of basic principles for what
is now known as the "Decca" radio navigation system
(a technical description is given in Part Ill of this trilogy).
Mr. O'Brien proceeded to try to interest the U. S.

Navy, U. S. Army, Inventors Board, and the Civil Aero-
nautics Authority (predecessor of the present FAA) in his
ideas, but all were doubtful of their practicability (a reac-
tion that is not untypical in the history of great inventions
that later went on to success). Mr. O'Brien then turned to
his old friend from Brunswick Radio days, Harvey
Schwarz (co-winner of the 1969 Pioneer Award). In Sep-

tember, 1939, he wrote a letter describing his ideas for a
new radio navigation system for ships and aircraft to
Schwarz, at that time in England working for the Decca
Gramophone Company. He believed such a system could
be valuable to Great Britain in the war which had just
started.
What followed next is related in detail in Part III,

which involves the two men in collaboration for a long
time-up to the present, in fact.
One eventual result was that Mr. O'Brien visited Eng-

land in 1941, originally intending a short stay to start the
navigation system development going with Mr. Schwarz.
He ended up by joining Mr. Schwarz at Decca Radio and
Television Company, and residing in England ever since.
He has, however, maintained his United States citizen-
ship.
Mr. O'Brien has been Technical Director of the Decca

Navigator Company in England since its formation in
1946. This is a subsidiary of the parent Decca Corpora-
tion, formed to specialize in the navigation system part
of the business, as distinct from phonograph, record, and
TV activities.

Mr. O'Brien, jointly with Mr. Schwarz, holds the basic
patent on the Decca navigation system [3].1 During the
course of the years, and continuing to the present time,
Mr. O'Brien, together with Mr. Schwarz (until the latter
began to devote his time to managerial activities), and
with his engineering teams, has contributed to numerous
technical improvements, refinements, and extensions of
the original Decca invention; to variants on the basic con-
cept, such as Delrac, Omega, Dectra, and Hi-Fix; and to
related navigational equipment such as pictorial displays
(Flight Log and Omnitrack) and navigational computers.
Some of the basic ideas he developed and patented, relat-
ing to phase stabilization and phase comparison tech-
niques, have found application in other low-frequency
navigation systems, such as Loran-C and Omega.
Mr. O'Brien is a Fellow of the Institution of Electronic

and Radio Engineers (London) and a member of the
Institutes of Navigation (London, Washington). He has
received numerous awards for his technical contributions,
some jointly with Mr. Schwarz. These include: the
Thomas Gray Memorial Award of the Royal Society of
Arts, 1946; the Heinrich Hertz Premium of the Institute
of Radio Engineers (London), 1947; the Gold Medal of
the Institute of Navigation (London), 1956, jointly with
Mr. Schwarz, for "their work in originating and develop-
ing the Decca Navigation System."

In 1966 Mr. O'Brien received the Col. Thomas L.
Thurlow Navigation Award from the Institute of Naviga-
tion (Washington), for "outstanding contribution to the
science of navigation." The citation includes the state-
ment: "Mr. O'Brien is widely accepted as the world's lead-
ing authority on the use of phase comparison techniques
for navigation."

Other indirect awards, presented to his company, are

mentioned in Part II of this trilogy.
I All of the references cited can be found in Appendix B.
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PART 11

Harvey Fisher Schwarz (A'28--
M'55) was born in Edwardsville,
Ill., on October 31, 1905. He re-
ceived the B.S. degree in electrical
engineering from Washington Uni-
versity, St. Louis, Mo., in 1925.

His professional career started
in 1926 when he joined the Gen-
eral Electric Company in Schenec-
tady, N. Y., where he contributed

to the development of the "Radiola 44," the first screen-
grid radio receiver.

In 1928 Mr. Schwarz moved to the Bremer-Tully
Manufacturing Company, which later became the Bruns-
wick Radio Corporation. He was made Chief Engineer
a year later. He contributed to the development of radio
receivers and disk recording techniques. It was there that
he first met fellow employee William O'Brien, starting a
friendship-and later a professional association-that
has lasted through the years.

It was a series of corporate shifts involving Brunswick
Radio which proved fateful for both men, and for the
development of the Decca navigation system. The Warner
Bros. movie company had formed the Warner-Bruns-
wick Company in England to take over the British affiliate
of Brunswick Radio. In 1932 Mr. Schwarz was sent to
England to design radios and phonographs for manufac-
ture by the British company. This visit was originally
planned to last three months, but it has lasted 37 years,
at present writing.

In another corporate deal shortly thereafter, related in
part to the Great Depression, Warner Bros. sold their
British company to the Decca Gramophone Company.
With that transfer also went Mr. Schwarz, who had been
invited to become Chief Engineer of Brunswick Ltd. and
then Decca Gramophone.

Early in September, 1939, Mr. Schwarz received the
letter mentioned in Part I, from his old friend William
O'Brien in Chicago, describing his ideas for a new radio
navigation system for ships and aircraft, and his un-
successful attempts to interest U. S. agencies in it. As
stated there, the immediate and eventual results of that
letter are recounted in detail in Part III of this trilogy.
One early result was that Mr. Schwarz flew to the

United States in 1940 to organize some experimental
tests. A later consequence was that Mr. O'Brien ended up
by going to England to join hands with Mr. Schwarz and
the Decca Company, to try to translate the concept into
hardware.
As one consequence of the success of that endeavor

during the war years, in 1945 the radio navigation activ-
ities of the parent corporation were assigned to a newly

formed subsidiary, the Decca Navigator Company. Mr.
Schwarz has been Managing Director of that company
since 1950. Like his associate, Mr. Schwarz has main-
tained his United States citizenship, and additionally
maintains a residence in the Washington, D.C., area.
Mr. Schwarz, jointly with Mr. O'Brien, holds the basic

Decca patent [3]. He has contributed also to the later
technical improvements, refinements, and extensions of
the Decca concept. Before he became involved in radio
navigation at Decca, Mr. Schwarz had helped set up the
Corporation's radio, phonograph, and television manufac-
turing department. His "first love," until navigation
claimed his time, was the technique of high-quality
sound reproduction, a field in which he now only plays
the role of avid listener.

In the 1940's Mr. Schwarz was instrumental in the
technical development of what is now known as "Hi-Fi,"
specifically the development of Decca's "FFRR" system
(Full Frequency Range Recording), which quite revolu-
tionized the phonograph and record industry. He holds a
number of patents in the field of radio circuits and sound
recording. In more recent years his activity has been
devoted primarily to the business end of the Decca Navi-
gator Company, the technical end being in charge of his
long-time friend and associate, William J. O'Brien.
With the expansion of Decca navigation facilities on a

world-wide scale, Mr. Schwarz spends a great deal of his
time shuttling back and forth over the oceans in flying
machines (trusting his life, it is presumed, in the inter-
ests of poetic justice, to Decca navigation equipment
aboard).2
Mr. Schwarz is a Fellow of the Institution of Electronic

and Radio Engineers (London), and has been chosen to
be President of that Institution as of October, 1969. He
was elected to its council in 1959 and was first elected
Vice-President in 1965.
Mr. Schwarz is also a member of the Institute of Navi-

gation (London). Together with Mr. O'Brien, Mr.
Schwarz received the Gold Medal of the Institute ofNavi-
gation (London) in 1956, for "their work in originating
and developing the Decca Navigation System."

Other indirect awards, presented to his company, are
mentioned in Part III.

2 To bring the personal part of the story up to date (April, 1969),
subsequent to the G-AES selection of O'Brien and Schwarz for the
1969 Pioneer Award, and midway in the course of preparation of this
article, the press announced that certain U. S. Decca facilities and
rights were sold to ITT Corp. as well as certain shared interests in
England. Thus, through a quirk of modern corporate deals, after
years of commercial rivalry in the field of radio navigation, the
name "ITT-Decca" now appears on the scene! Corporate shifts
"make strange bedfellows," including O'Brien-Schwarz and Colin,
who, personally unknown to each other until 1969, for many years
fought the battle of their respective inventions, Decca versus
Navaglobe. P.S.: Navaglobe (U. S. Patent 2,541,040) after a stiff
fight, lost; thus, this author missed a possible chance to write a
Pioneer Award article on himself.
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PART III

"Decca" is the name given to the particular radio navi-
gation system invented, developed, and implemented by
William J. O'Brien and Harvey F. Schwarz (oint recip-
ients of the 1969 G-AES Pioneer Award).3
The letter which Mr. O'Brien wrote to Mr. Schwarz in

England, describing his idea for a new radio navigation
system was sent on September 3, 1939, the day that
Britain went to war with Germany. This was destined to
be a war in which electronics played a critical, if not deci-
sive, role in the ultimate outcome. Many electronic sys-

tems, at first dissimulated under secret military code
names, were proposed, developed, and put to military use

and later to peace time use. One might mention, for
example: radar, IFF, Consol (Sonne), ILS, GCA, Gee,
etc. [5]-[7]. Contributions to many of these systems have
been recognized by previous G-AES Pioneer Awards,
and the stories duly recorded in this TRANSACTIONS [20],
[22]-[25]. With the 1969 Pioneer Award, and this article,
Decca joins the list.
As a prelude to, and framework for the history of

Decca, a brief technical description follows.
Decca is one of a family of radio navigation systems

referred to as "hyperbolic" or "differential distance."
Many variants have been proposed, and a fair number are

in actual service. They may differ in respect to type of
modulation, radio frequency band, spacing of transmit-
ters, and other details.

In all, however, the family characteristic is that syn-

chronized radio transmissions take place from two sepa-

rated ground stations, and that a receiver (or receivers)
on the craft to be navigated receives both transmissions
and compares them. There are two main sub-classes in
the family. In one, the radio signals consist of brief pulses
in time sequence; in the other, the radio emissions are

continuous wave (pure CW or modulated CW; or even, in
mixed variants, interrupted CW). In any case, because of
the finite speed of travel of radio waves, except along the
perpendicular bisector of the line joining the two trans-
mitters, the propagation time of the two signals will be
different, depending on the different path distance from
receiver to each transmitter.

In pulse-type systems (Gee, Loran-A) the difference in
arrival time of the pulses from the two stations is mani-
fested directly by display of the pulses on a cathode ray

tube screen, making use of more-or-less conventional
CRT oscilloscope techniques.

In CW systems (Decca, Omega, and to an extent in
Loran-C), the difference in path lengths, and consequent
difference in travel times, shows up at the receiver as a

3 It should become clear during the course of this article, why the
name "Decca" was given to a navigation system. To most persons,
even those in the field (including the author) this is puzzling at first,
since the name is generally associated with records and phono-
graphs. (For a short discussion of, and further references to, the
subject of odd names of radio navigation systems, see [22, p. 84].)

difference in radio (or audio, or both) frequency phase
between the two signals.4

Pulse time difference and phase difference are essen-
tially equivalent, except in one respect: phase repeats in
cycles of 360 degrees (one wavelength of path difference),
so that there is a basic ambiguity resolution problem in
all phase comparison type navigation systems.

Regardless, using the known propagation speed of
radio energy, these differences may be converted into path
length differences, say in nautical miles. The locus of
points of constant path length difference is a hyperbola,
the two transmitters being at the foci. The particular
trace of the hyperbola on the earth's surface depends upon
the (fixed) distance between transmitters, the (fixed) direc-
tional orientation of the line between transmitters, and
upon the (variable) location of the receiver.
For the navigator's convenience, whole families of

hyperbolic traces corresponding to a number of pulse
time or CW phase differences are precalculated by nau-
tical organizations and over-printed on special naviga-
tional charts. On the craft, any single differential measure-
ment (time or phase) locates the craft as somewhere along
the corresponding hyperbolic "line-of-position" (LOP).
By adding a third (or fourth) transmitter, properly syn-

chronized and oriented with respect to the first two, an
additional set (or sets) of hyperbolic LOP's is established,
and these are also overprinted on the chart, generally in
contrasting color. A second observation on the craft
locates it as somewhere along another hyperbolic LOP.
The intersection point of the two (or more) hyperbolic
LOP's precisely fixes the geographical position of the
craft.
The set of three (or four) synchronized ground stations

used to establish two (or three) families of hyperbolic
LOP's over a given area is referred to as a "chain." The
central, or main station, to which the other transmitters
in the chain are synchronized, is called the "master"; the
other stations, whose RF phase is slaved to that of the
master, are, appropriately enough, called "slaves." For
best "angle-of-cut" of the lines, the stations of a chain
are arranged, as closely as siting considerations permit, in
the shape of an equiangular triangle.

In pulse-type hyperbolic systems, by their very nature,
there is no great problem in individually distinguishing

4 The phase (radio frequency or modulation frequency) of any
received signal lags that of the transmitted signal by an amount
equal to 360 degrees per wavelength of travel distance. This means,
incidentally, that very fine measurements of path distance (or dif-
ferential distance) can be made in CW systems, depending on the
frequency band of operation. At 100 kHz, for example (roughly the
Decca band), one wavelength is 3000 meters, so that one degree of
phase retardation corresponds to about 8 meters. In pulse systems,
one microsecond of travel time represents 300 meters, regardless of
operating radio frequency. CW systems can operate at any radio
frequency; pulse systems are practically limited to HF and higher
frequency bands, to permit the transmission of the (bandwidth
limited) narrow pulses necessary for accurate time difference
measurements.
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the two received signals, even though they are on the
same radio frequency, to permit performance of the time
difference measurement, either on an oscilloscope or on
some automatic digital indicator. The pulses are separated
in time.5

In CW systems there is a problem. If both transmitters
were to operate on the identical radio frequency, the re-
ceiver would respond only to one composite signal. The
two components, of different phase, would lose their
identity. A hyperbolic pattern of "standing waves"
(analogous to an optical "interference pattern") would be
established in space and no measurement of navigational
use could be performed.
That important problem was neatly solved in the

O'Brien invention by operating the two (or more) trans-
mitters of a chain on different radio frequencies. The
frequencies, however, are chosen to be integral multiples
("harmonics," in effect) of some base frequency. Two or
more appropriately tuned receivers are installed on the
craft. Because of the harmonic relation of the individual
signals, it is a fairly simple matter, by known frequency
translation (division and multiplication) techniques, to
convert each pair of received signals, after detection, to a
common frequency, upon which the phase difference
measurement is performed.
The basic principles of the Decca navigation system

are as described above.6 In principle, it all appears simple
and straightforward. However, as in most cases of bril-
liant and apparently "simple" inventions, it is quite
another matter to translate the simple idea into practical
hardware. That process involves attention to a thousand-
and-one knotty technical details of components, circuits,
packaging, etc., etc. This is the "perspiration" part of
Edison's famous characterization of invention.

It is due to the efforts of O'Brien and Schwarz, par-
ticipating in and directing a team effort, that the concepts
were, eventually, followed by practical hardware. One
critical problem was that of phase stability, the keystone
of the system's accuracy and reliability. In their solu-
tions to that problem, the inventors found and patented
techniques which have application to similar prob-
lems in other hyperbolic systems, such as Loran-C and
Omega.
Another knotty problem, also characteristic in general

of any phase comparison system, is that of ambiguity
resolution. This arises from the fact that, for example, 15
degrees is physically indistinguishable from 15+360
=375 degrees, or from 15 +720= 735 degrees, and so on.
Without ambiguity resolution, one runs into a prob-

lem analogous to that of trying to tell the time of day

6 A bit of a trick is employed at the transmitter end (involving a
fixed time delay) to ensure that regardless of the craft's location, the
pulse from station A will always arrive at the receiver before the
pulse from station B.

6 For more technical detail, see [5]-[12], [16], [17], [19], [21],
and [27].

from a clock which has a minute hand but no hour hand.7
The solution to the ambiguity problem of the basic Decca
system, as developed by O'Brien and Schwarz and their
engineering teams, involves a procedure of periodically
altering the transmitted radio frequencies according to a
set scheme and time schedule. The process is referred to
as "lane identification" and "zone identification."

In the course of time, after the initial success of Decca
and its acceptance as a civil navigation aid, the two men
and their teams have developed a host of improvements
and refinements, as well as related systems and auxiliary
equipment. Some of these are Delrac, Dectra, and Hi-Fix

variants; and pictorial displays such as Flight Log and
Omnitrack. For details on these equipments, and greater
technical detail on the basic Decca system, the interested
reader is referred to publications listed in Appendix B.

This article now returns to pick up the historical
thread of the Decca development and implementation,
and the part played therein by the 1969 Pioneer Award
recipients.8
When, in September, 1939, Mr. Schwarz, in England

with the Decca Gramophone Company, received the let-
ter from Mr. O'Brien in Chicago, he became quite inter-
ested in the possibilities of the proposed new navigation
system (then nameless). He also aroused the interest and
support of his company, engaged as it was then only in
the record, phonograph, radio, and TV business.
Decca proposed the system to the British Air Ministry

for consideration. It was passed on by Sir Henry Tizzard
to Sir Robert Watson-Watt (of war-time radar fame).
There, "It was considered to be too complicated, and
there were other promising radio navigational aids in
embryo" [14].9

7Unless, of course, one can manage to keep accurate, unbroken
count of all past passages through a full 360 degree cycle of phase
change. This is done in navigation systems by a gear arrangement
similar to that in a clock, where the hour hand advances 30 degrees
for each complete revolution of the minutes hand. However, in phase
comparison navigation, there is a problem when the receiver is first
switched on or is tuned to a different RF channel, at some unknown
location; or when there is any appreciable interruption in receiver
functioning, transmitter functioning, or propagation (noise, fading,
interference, etc.). At the beginning of, or resumption of, function-
ing, the navigation receiver's "minute hand" (0 to 360 degree phase
comparison measurement) will promptly indicate correctly, but the
"hour hand" indication (count of full 360 degree cycles) is subject
to multiple integral ambiguity.

8 For some remarks on the early history of hyperbolic system
concepts, see Appendix A.

9 a) Quoting Sir Robert Watson-Watt [15, p. 398]:
"It was my fortune to be offered Decca for R.A.F. purposes in

1939 and my duty to refuse it until some serious defects, partic-
ularly that of vulnerability to enemy interference, had been miti-
gated or cured.... They [Decca Navigator Company] have bril-
liantly eliminated many of the limitations at which I protested."

b) Curiously enough, the "other promising radio navigational
aid in embryo" was in fact another hyperbolic system, but of pulse
type, namely Gee, invented by R. J. Dippy (1966 Pioneer Award
winner [24]). See also, in this connection, footnote 11, which gives
later remarks on D-Day operations; and Appendix A, on the early
history of hyperbolic systems.
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Schwarz and Decca were "disappointed but not de-
terredc' [14]. Toward the end of 1940, Decca sent Mr.
Schwarz to the United States to discuss Mr. O'Brien's
invention first-hand, and to set up an experimental labora-
tory with him. They could not do this in England at the
time; because of war-time restrictions, they could not
obtain an experimental radio transmitting license. Three
months of technical trials produced results so promising
that Mr. Schwarz made a short trip to England in April,
1941, to resume attempts to interest the British author-
ities. By that time the military authorities were more
receptive to new ideas as England was seriously engaged
in the business of defense. (In fact, on his return to Eng-
land, Mr. Schwarz found the Decca radio works in ruins
as a result of air raids.)

After Mr. Schwarz' return to the United States, suffi-
cient equipment was produced in a small laboratory in
Hollywood, Calif., to demonstrate the practicability of
the system. A representative of the British Government
went to Hollywood to see a field trial of the system which
showed an accuracy measured in feet with the receiver
operative in an automobile.

Next, the British Admiralty requested a larger scale
demonstration in England. For that purpose, Mr. O'Brien
came over to England, originally intending a three month
visit (which developed into a 28 year stay, at present writ-
ing). By September of 1941, transmitters were installed in
Wales and a receiver on a Dutch trawler. That ship made
a successful 40-mile trial run, blind, guided by the Decca
signals. The navigational accuracy was so good that the
Admiralty pressed for more elaborate demonstration
equipment and trials.

Tests took place in the spring of 1943, with a British
warship cruising off the coast of Scotland. Finally, after a
still larger scale invasion exercise in January, 1944, the
Admiralty formally settled on the system for use by the
British Armed Forces in the projected Normandy inva-
sion. During this period, the system was referred to by
the military code symbol "QM."10
The Admiralty decision meant, this time, a real crash

program of production of service-type equipment (27
receivers and the control gear for a chain of transmitters),
a team effort in which about a dozen people worked
beyond their capacity and accomplished miracles, as in
other war-time developments. Decca (or QM) transmit-
ters and ship installations were in readiness and the trans-
mitting stations were checked out-three minutes total
time on the air was allowed to prevent detection by
Germans in time for D-Day, June 6, 1944.
At that historic occasion, so critical to the Allied cause,

"the Decca Navigator was there, first guiding the leaders
of the mine-sweeping flotillas, and then guiding the first

10 This author has not been able to determine any particular
origin or meaning of this symbol, nor, either, of the term "Decca,"
which started out as a trade name for portable phonographs. Neither
are acronyms.

landing craft through the narrow mine-swept lanes to
their exact locations on the Normandy beaches" [14, p.
85]. The positional accuracy achieved surpassed the prior
promises of O'Brien and Schwarz, which was 200 meters;
in many cases accuracies of 20 yards were reported. The
rest of the story of D-Day is, of course, history.'1

Eventually, peace (?) came on earth. After the war, the
parent corporation, with records, phonographs, and TV
continuing as its main business, formed a special subsid-
iary, DeccaNavigator Company, to handlethe navigational
equipment business; QM was, quite naturally, re-baptized
Decca. This new company was formed in 1945, with
O'Brien and Schwarz carrying on the technical and busi-
ness direction, respectively. Now the emphasis was on
civil applications.
The first civil Decca chain was put in service in July,

1946, in England. At the present writing, some 61 million
square miles of the earth's ocean and land areas have
Decca navigation coverage. There are some 22 chains
(88 transmitters) scattered over Europe, the Americas,
and elsewhere. The heaviest concentration is in North-
West Europe, where the English Channel and adjacent
waters carry the heaviest marine traffic in the world
(300 000 craft per year).
There are some 14000 shipboard installations in ser-

vice over the world, ranging from large luxury liners to
small freighters, fishing boats, and yachts. Receiver
installations are part sold, part rented. Aircraft installa-
tions number some 2000. The bulk of these are for the
British Air Force, certain British airlines and business
aircraft, but a rapidly growing number are in use by
other airlines around the world, notably for helicopters.

Decca, or certain specialized variants of it, is also used
in land and hydrographic surveying operations, and for
search and rescue. In 1966 the Decca Hi-Fix system was
pressed into use by the U. S. Navy in its critical and suc-
cessful attempt to recover the nuclear weapon acci-
dentally lost in the waters off the coast of Spain.

11 An interesting sidelight on this story is the fact that two hyper-
bolic radio navigation systems played a critical role on D-Day, as
well as in other war-time operations in Europe in World War IT. One
was QM or Decca, the low frequency CW system invented and
crash-developed by O'Brien and Schwarz, as here related, and used
primarily by the British Navy. The other was Gee, the VHF pulse
system invented and crash-developed by R. J. Dippy, as related in
the 1966 Pioneer Award article [24], used primarily by the British
Air Force. Gee was the earlier system, the one Sir Robert Watson-
Watt had in mind when he referred to "other promising radio navi-
gational aids in embryo" at the time he was being offered the Decca
system [151. Sometime later, of course, another hyperbolic system,
the HF pulse system known as Loran, developed in the United
States, played an important role in the war (1961 Pioneer Award to
J. A. Pierce [20]). Could it be that there is something about a
hyperbola which gives it an edge in military operations? For, the
other side in the fracas also invented radio navigation systems, but
the most notable such, nonhyperbolic, backfired (Sonne or Consol
system, 1964 Pioneer Award to E. Kramar [22]). There is, however,
a happy ending; all the systems mentioned in this footnote have had
good peacetime uses; one may hope that this is the type of use for
electronic marvels that will continue.
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In addition to the personal awards to Mr. O'Brien and
Mr. Schwarz, individual or joint (mentioned in Parts I
and II), awards for Decca navigation have been presented
to the company. In 1960 the Johnston Memorial Trophy
(for 1959) was presented by the Guild of Air Pilots and
Air Navigators. In December, 1966, a U. S. Navy Certifi-
cate of Merit was presented by the Secretary of the Navy,
in recognition of the Decca role in the lost nuclear weapon
recovery operation. The citation reads, in part: "The
operation of the General Precision Hi-Fix navigation sys-
tems, under these exhausting schedules, contributed
directly to the Navy's success in accomplishing this most
important mission."

APPENDIX A

Some Remarks on Early Ideas for Hyperbolic
Radio Navigation

To round out the story for those readers historically minded,
previous articles on the life and contributions of Pioneer Award
winners have included brief mention of other proposals and activ-
ities in the field, prior, parallel, and subsequent, to the extent doc-
umentable.

I had, this year, already embarked on that portion of this article,
when I was "saved by the bell" from the rest of my labor by the
fortuitous and coincidental appearance on the scene of an article
treating just that subject, and in detailed, scholarly, and well-
documented fashion. Therefore, in the main, I can dismiss the sub-
ject here with a few general remarks and refer the reader, for the
rest, to "Hyperbolic Navigation-History and Outlook," by Dr. Ernst
Kramar of ITT Standard Elektrik Lorenz, Stuttgart, Germany [27].

Dr. Kramar is himself a Pioneer Award winner (1964 [22]) and
one of the most knowledgeable persons in the world on the subject
of radio navigation history. He is also an old friend and long-dis-
tance colleague of mine, through common association. He has
kindly put at my disposal his "Literaturstellen," the list of source
material that he consulted in the preparation of his article. (The
article itself is available in German, English, and other language
issues of Interavia, a Swiss publication.)

In connection with the early appearance of ideas for hyperbolic
systems, I should like to repeat an opinion which I stated in my
article on the 1961 Pioneer Award to J. A. Pierce for Loran contri-
butions [20]. That is, attempts to pinpoint some one person as
"absolutely the first" to propose a new idea can be difficult, fruit-
less, and even pointless as regards the Pioneer Award. Here the
overriding criterion is that the recipient must have "contributed sig-
nificantly to bringing into being systems that are in existence" [25].
That criterion is generally amenable to clean-cut documentation,
and is what counts in the end. As regards chronological priority of
paper proposals in the legal sense, that is a question best left to
corporation lawyers and public relations departments to hassle over.

The subject of early history of ideas for hyperbolic systems of
the pulse type has been covered in Pioneer Award articles on Pierce
(1961 [20]), Alford (1965 [23]), and Dippy (1966 [24]); and more
recently, in the Kramar article [27], which also treats the history of
CW type hyperbolic systems. And so with that, I add here only a
few general remarks.

1)

2)

It is clear that the first hyperbolic system to be developed and
put into service was the pulse system, Gee (R. J. Dippy [24]).
It is clear that the first CW hyperbolic system to be developed
and put into service was Decca (W. J. O'Brien and H. F.
Schwarz, 1969 Pioneer Award).

3) It is evident that the period of the late 1930's (or even earlier)
and the early 1940's was a "period of gestation" for ideas for,
or relating to, hyperbolic systems of various types. Some of
these have been buried in obscurity; none of them led to
hardware and operational service until the work of Dippy and
of O'Brien-Schwarz.

In the early history researched both by myself and Dr. Kramar,
there is a paper proposal that deserves singling out because of its
brilliance, its early appearance, and its uncanny foreshadowing of
things to come. It is a German patent filed in 1930, issued in 1932,
and then allowed to lapse. It is in the name of Dr. Meint Harms of
Lubeck, Germany [1]. Dr. Harms' proposal suffered a not-uncom-
mon fate it was far in advance of its time; it was rejected by indus-
try and by technical authorities as being impractical. Dr. Kramar's
article gives the technical details [27]. I hope in the near future to
supplement that presentation with a little article recounting the
human interest story behind it, as a little vignette of radio naviga-
tion history, hitherto obscure, which deserves to be recorded.

In conclusion, I take advantage of the present opportunity to
rectify an unfortunate lapse in Dr. Kramar's article [27]; that is,
namely, a failure to identify R. J. Dippy as the person responsible
for the invention and the development of Gee, the first hyperbolic
system put into service. Dr. Kramar has personally communicated
to me his acknowledgment of, and regrets for, that unintentional
lapse.

APPENDIX B

Source Material

1) The listing of the following references is in chronological
order, not in serial order of citation in the article.

2) Not all of the documents are specifically cited in the article,
but all have been consulted by the author.

[1] M. Harms, "Verfahren einer selbsttatigen Ortsbestimmung
beweglicher Empfdnger" ("Automatic method of position
determination for a mobile receiver"), German Patent 546,000,
filed May 20, 1930, issued February 18, 1932.

[2] C. R. Englund, "Radio guiding system," U. S. Patent
1,998,834, filed November 19, 1931, issued April 23, 1935.

[3] H. F. Schwarz and W. J. O'Brien, "Improvements in radio
control systems for movable objects," British Patent 584,727,
filed June 4, 1941, issued January 22, 1947 (basic Decca
patent).

[4] W. J. O'Brien, "Improvements in or relating to radio naviga-
tion systems," British Patent 620,479, filed August 23, 1945,
issued March 25, 1949.

[5] Third Commonwealth and Empire Conf. on Radio for Civil
Aviation (CERCA), London, August 1945.

[6] H. Mimno, "Electronic navigation systems" (the "Red
Book"), Harvard University, Cruft Lab., Cambridge, Mass.,
Rept. for National Defense Research Council (OSRD), Sec.
13, December 1, 1945.

[7] "Report of Electronic Subdivision Advisory Group on Air
Navigation" (the "Telephone Book"), Wright-Patterson
AFB, Dayton, Ohio, TS ELC-SP2, paper G-4, p. 555, Febru-
ary 1946.

[8] "The Decca system of marine navigation," Decca Navigator
Company, London, 1947.

[9] R. I. Colin, "Survey of radio navigational aids," Electrical
Commun., vol. 24, p. 230, June 1947.

[10] W. J. O'Brien, "Radio navigational aids," J. IRE (London),
p. 215, October 1947.

[11] "The Decca navigator system," British European Airways,
January 1951.
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[121 "The Decca navigator system," Decca Navigator Company,
London, May 1951.

[131 "The Decca navigator in the Normandy invasion," Invasion
Museum, Arromanches (France), February 1955.

[14] E. R. Lewis, "No. C.I.C.," Universal Royalties, Ltd., London,
1956. (This is primarily a story of the financial, commercial,
and bureaucratic tribulations and successes of the Decca Com-
pany, but chapter 12, page 82, "The navigator," is devoted to
O'Brien and Schwarz, and the early history of Decca navi-
gation.)

[15] R. Watson-Watt, Three Steps to Victory. London: Odhams
Press, 1957, p. 398.

[161 C. Powell, "The Decca navigator system for ship and aircraft
use," Proc. IEE (London), pt. B, vol. 105, 1958.

[17] P. C. Sandretto, "Electronic aviation engineering," ITT Corp.,
p. 166, 1958.

[18] H. Lueg, article on Decca in "Radio navigation systems for
aviation and marine use," Rept. by the German Committee on
Radio Location (Ausschuss fur Funkortung), Essen, Germany,
p. 79, January 1959.

[19] C. Powell, "Historical development of continuous-wave
measuring techniques outside Germany, and their application
in the field of position-fixing and navigation," Rept. by the

Ausschuss fur Funkortung, Essen, Germany, June 1959.
[201 R. I. Colin, "Pioneer Award to J. A. Pierce," IRE Trans. Aero-

space and Navigational Electronics, vol. ANE-8, pp. 48-50,
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[22] R. I. Colin, "Pioneer Award to E. Kramar," IEEE Trans.
Aerospace and Navigational Electronics, vol. ANE-11, pp.
81-85, June 1964.

[23] R. I. Colin, "Pioneer Award to A. Alford," IEEE Trans. Aero-
space and Navigational Electronics, vol. ANE-12, pp. 101-102,
June 1965.

[241 R. I. Colin, "Pioneer Award to R. J. Dippy," IEEE Trans.
Aerospace antd Electronic Systems, vol. AES-2, pp. 476-487,
July 1966.

[25] R. I. Colin, "The Pioneer Award-20 years," IEEE Trans.
Aerospace and Electronic Systems, vol. AES-4, p. 648, July
1968.
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