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Iiarine telegraph cahles but which had troublesome losses even for
1wlio frequencies of telephony, so polyethylene’s electrical properties
noin determined and found very satisfactory. It proved to have excel-
} “voltage and high-frequency properties. Coaxial cables holding
9“: 58 a.um 50000 volts became available to the radar men. On the day

any invaded Poland a plant began producing hundreds of tons per:

«-a._. and use of it in field installations is reported within months [26]. In

.”__“” Wﬂ%oi and Union .Q,HE% equipped themselves to produce huge

|uantities of the wonder ingulator [27], and pre-polyethylene electronics

Wil the way of spark wireless.

i M._Tm German electronic use of polyethylene came about through radar
["'Pment taken from a British bomber downed near Rotterdam in Febru-

Ay 1943, an incident much more famous for the discovery of a cavity

,_“_.“_mmmm&.,%m,s\ ma. microwave generator that so greatly altered radar. It was
e Ewm mnmﬁmﬂmm. that the material used in the British high-frequency ca-
B e H.HEmm.:n manufactured since 1938 by I G Farben under the name
s, [28]; they had missed its remarkable electric properties.

o Ew war the United States sent investigators to evaluate the Ger-
o Mm Emzm:u\ and found a plant in construction hidden away at
Emmmrmmms ustria H.o escape the air attacks that made production in Lud-
e m_.BﬁOmm_Em [29]. The Germans were manufacturing the sub-
Eémmmw\ﬂ more advanced process than the ICI-DuPont method. Further
fdnd Zﬁos mroswmm .m:m; this was the same process developed by the
o mmﬂommz Division of what is today Union Carbide and transmitted
i thate, I G Farben [30]. Given the secretiveness of the chemical

Y, One must assume Union Carbide accepted the task of making
polyethylene from ICI without comment.

w.m. BEGINNINGS, 1902-1934
mmﬁanMMﬁanm the mind EAm..m to mmmoﬁ.m.ﬁm inventions with inventors,
forstiohs W most readers realize that things are often too complicated
g Sa%mm noﬁmmwo:amnnm.. Most new Qwﬁmmm have long pedigrees
o oy s om@., than the titular inventor furnishing important elements.
o nmnboum Hunofn._m the extreme mmmﬂﬁ&m of multiple origins. Certainly
honestly sa m:ﬁw:ﬁ radar to any mBmH.m person. Indeed one cannot even
P EW ﬁ.&o m.:,,mﬁ mgoc‘mz of U.EE.E@ mch.r a device, for it was an idea
obshont Sm:w?mﬁ n Emﬁm. s experiments, S&HT. demonstrated reflections
et A Qmm quite prominently, as well as the disturbing effects of nearby
e T escription of relevant technical work in the years preceding
: totype radar sets should remove the idea of a single inventor

2;:0%% Much further evidence.
amﬁoz%w%”.mﬁm%m_u.w .& Em.wﬂq suggestions was in fact an experimental
e ton. Christian Hiilsmeyer patented and bullt a device that he
nstrated to numerous witnesses. [t used all of the elements of Hertz's
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pxperiments: a spark-dipole transmitter with a cylindrical parabolic re-
{locting antenna mounted next to a similarly constituted receiver. The
uusembly was to be mounted aboard ships and give indication of objects
with which the vessel might be in danger of colliding. Hiilsmeyer tried to
Lunvince ship owners to buy it, but the primitive state of the technology of
Ilie day, especially the receivers of 1902-1904 and above all the absence of
le range data, which required accurate timing, easily explains why such
i lhing would not have appealed to mariners [1].

The Hertz parabolic reflector used by Hiilsmeyer was not a bad radar
[tansmitter, although a modern engineer would find design elements to
(ilticize. Each spark created a short wave train for which the peak power
win very high, and the time between sparks was of the same order as
{li lime between typical radar pulses. The receiver, of course, was woe-
fully inadequate, having orders of magnitude less sensitivity than modern
piuipment and no time resolution.

Those familiar with early wireless history will find it no surprise that
Nikola Tesla made an early suggestion for using reflected radio waves
It dletect distant objects, but given the complete lack of guiding detail
It s hardly surprising that the idea did not inspire the engineers of the
line. That Tesla was already noticeably on the path from brilliance to self-
(elusion did little to advance interest, and the idea was lost among the
imyriad proposals coming from his fertile imagination.

The World War of 1914-1918 brought wireless techniques to many
jiojects, but the closest things to radar were attempts to locate aircraft
[tom the radiation generated by the ignition systems of their engines.
liilwin H Armstrong, serving as a major in the American Signal Corps,
worked unsuccessfully on the project. The interest generated in him for
wnsitive receivers led him to the fundamentally important superhetero-
ilyne principle [2].

The World War brought various experiments for locating aircraft by
uhnerving the infrared radiation produced by the motors, and this ap-
pronch was continued during the postwar years but with insufficient im-
provement for use in aircraft detection. In a world in which the doors of

Jublic buildings are opened, television sets are switched, the deaf are al-
—:S:..._ [0 hear the actors at the theater, intruders are detected and missiles
uio guided by infrared, one may well question the lack of application in
{l 1939-45 conflict. Infrared detection depended then on its heating of a
sibmtance, thereby changing its electrical properties. Postwar semiconduc-
{orw extended the sensitivities of these effects and added the photoelectric
pllect, which provided startling improvements in sensitivity. Infrared is
unstiitable in any case for many of radar’s functions because of its inabil-
ity to penetrate fog and rain.

P'robably the most often cited suggestion of radar is from a review
paper on radio telegraphy delivered by Guglielmo Marconi at the meeting
ul the Institute of Radio Engineers in New York in 1922 [3]. The idea pro-
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posed was Hiilsmeyer’s without spark and with vacuum tube. The earlier
work was not mentioned, most probably being unknown to Marconi. For
completeness one must note that King George V made a similar suggestion
to the Admiralty Director of Scientific Research in 1925, probably without
knowledge of any previous proposals. He asked whether a radio method
for locating aircraft analogous to the acoustical methods used against sub-
marines could not be devised and was told ‘no’ [4]. The Royal suggestion
evidently caused afterthoughts because the Navy’s Signal School entered
a comprehensive patent a few years later for radio location [5]. While
these experiments of the mind were going on, electrical engineers were
beginning to bump into radar as they mastered the techniques of tens of
megahertz. All through the 1920s and 1930s many papers were written and
patents issued describing methods of determining distance by radio [6].
Engineers examining the propagation of high-frequency waves dur-
ing the late 1920s, especially those planning television, found much to tickle
their imaginations. Their experiences were much the same as those of the
reader who has noted the effect of human movement in a room in which
a television or fm radio is receiving a weak station. Strong reflection and
interference are easily observed, and with care one can note the passage of
an airplane. Such disturbances are reduced in modern equipment by auto-
matic gain control and were far more prominent with the early detectors.
In 1931 Marconi experimented with a 50 cm transmission link between the
Vatican City and Castel Gandolfo and noted a disturbance in the signal
that he traced to the motion of a steam roller, initiating an interest that led
to Italian prewar development [7]. It was the kind of knowledge that must
have spread informally and widely among high-frequency experimenters.

2.2.1. The United States

In September 1922 Hoyt Taylor and Leo Young, engineers from what soon
became the US Naval Research Laboratory (NRL), were studying various
characteristics of 5 m equipment with which they hoped to design sets that
might be less easily overheard than the long-wave sets that dominated
maritime communication at the time [8]. They noticed interference and
standing waves resulting from reflections from buildings, followed by an
observation guaranteed to arouse the interest of naval men: a steamer
passing on the river produced strong variation in the signal recorded by
the receiver from the transmitter on the opposite shore. Memoranda were
written, ideas for harbor defense discussed.

Three years later NRL was to furnish a transmitter for an experiment
with pulsed radiation. Fifteen kilometers north by west of NRL is the
Department of Terrestrial Magnetism, Carnegie Institution. At that time
one of its staff, Gregory Breit, and a Johns Hopkins student and future staff
member, Merle Tuve, devised a successful demonstration of the existence
of the ionosphere by measuring its height, They had an NRL transmitter
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modulated with a sine function and measured the phase lag between the
modulation of the wave received directly at their laboratory and of the
wave reflected off the ionosphere. The transmitter was soon changed to
pulsed modulation, which greatly improved accuracy. The aircraft traffic
ol a nearby field often disturbed their measurements [9].

In June 1930 Young and Lawrence Hyland carried out experiments
il NRL observing reflections from airplanes with 9.1 m equipment, and
micceeded in attaining Navy authorization for two low-priority radio de-
loction programs. One was to develop superfrequencies, as most thought
that very short wavelengths were highly desirable, possibly necessary, be-
vause the radio searchlight that was envisioned meant the antenna would
have to be large compared with the wavelength. If anything, all the work
around 10 m emphasized how difficult direction determination was going
0 be with long wavelengths. The other program was to concentrate on
ulreraft detection with designs that relied on circuits known to work. There
were more reflections, big ones from the airship Akron.

Young and Hyland devised with Taylor a system of widely spaced
[ransmitters and receivers based on these observations that would signal
{he passage of aircraft into the area. It was at best a qualitative effect
little or no localization of the plane possible, something of a ‘radio
sereen’, Itwas also obviously of little value at sea, so Taylor tried to interest
{he Army Signal Corps in the idea as a means of protecting cities. The
Director of the Signal Corps Laboratories at Fort Monmouth was Major
William Blair, who was quite interested in a radio or any other technique
lur the detection of aircraft and was invited to a demonstration of the
method at NRL. Blair’s comment that there was really nothing new being
demonstrated—which tells us something about the general perception of
the principles involved at the time—followed by his inability to see any
jme for it in air defense so long as position was not determined led to
Taylor breaking off the meeting abruptly. Blair was never invited to NRL
apain and remained bitter over the incident [10]. In late 1935 the Bureau
ul Hlandards suggested the same idea to the Signal Corps [11].

BBlair’s and Taylor’s discordant points of view about there not having
lwen anything new in the NRL work are not revealed in the source of this
(upute, but can be reconstructed with some assurance. Blair worked at
It Monmouth in metropolitan New York where Bell Telephone and RCA
hail their laboratories. In the 1920s engineers from Bellhad observed strong
wllection and interference from New York’s tall buildings and noted that
{he patterns altered greatly with slight changes of frequency [12]. In July
1041 engineers measuring signal strength in the second floor of the RCA

Hullding produced by all-electronic television transmissions from the top
ul the Empire State Building found they could monitor the motion of the
vlevator in their building and the automobile traffic in the street below,

il go conditions being clearly discernable [13].
No engineer working with meter-wave amplitude-modulated televi-



