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Proceedings of the Institute of Radio Engineers
Volume 21, Number 6 June, 1933

A RADIO RANGE BEACON FREE FROM NIGHT
EFFECTS*

BY

HOWARD ALLAN CHINN
(Formerly, Round Hill Research Division, Massachusetts Institute of Technology, South Dartmouth,

Mass.; at present, Columbia Broadcasting System, New York City)

Summary-A radio range beacon, suitable for the guidance of aircraft along
established airways, which is entirely free from atmospheric variations or "night
effects", is described. Advantage is taken of the phenomenon that waves of frequencies
higher than 30 megacycles per second, or thereabouts, are not usually refracted back
to the earth by the Kennelly -Heaviside layer. Multiple path transmission, variation
in signal intensity and in polarization are thus avoided. A four-course aural beacon
operating on 34.6 megacycles per second was employed for the experimental work.
Results and applications are discussed.

INTRODUCTION

RADIO direction finding transmitters or radio range beacons op-
erating at relatively low frequency (250 to 375 kilocycles) have
been extensively applied to the airways of this country. Ex-

perience has definitely established the utility of this radio aid to aerial
navigation. The ever increasing use of these beacons in all kinds of
weather, during both the day and the night, has made it imperative
that these systems be devoid of any atmospheric variations or "night
effect." The limitation of the range of usefulness at night of the radio
range beacons employing cross -coil antennas has been pointed out,1 and,
although many improvements have been made in the equipment and
the methods of establishing a radio range beacon, the present radiating
systems, are, for the most part, of the original crossed -coil form. The
problem of reducing or eliminating atmospheric variations in radio di-
rection finding transmitters has been seriously considered only re-
cently although its existence has been recognized for a number of
years.

In the fall of 1931 it became evident that the existing range beacon
system was giving unsatisfactory service at night and an immediate
change in design was necessary in order that these night variations
might be eliminated. To this end a research program' was undertaken

* Decimal classification: R113.3 X R521. Original manuscript received bythe Institute, October 26, 1932. Presented before New York meeting May 3, 1933.' H. Pratt, "Apparent night variations with crossed -coil radio beacon,"Proc. I.R.E., vol. 16, p. 652; May, (1928).
2 This program of research was initiated by F. G. Kear of the AeronauticsBranch who spent the academic year (1931-32) at the Massachusetts Instituteof Technology. Mr. Kear's work dealt with the general problem of the elimina-tion of night effects. Papers to be published later will deal with various resultsof the program.
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Chinn: Radio Range Beacon Free from Night Effects 803

at Round Hill in cooperation with the Research Division, Aeronautics

Branch of the Department of Commerce, and an experimental study

was made of the characteristics of several range beacon systems which

theoretical considerations indicated would be free from night effects.
The range beacon described herein is one of those resulting from

this research program.

GENERAL METHOD EMPLOYED

The effect of atmospheric variations may be overcome through the
suppression of all radiation to the upper atmosphere, or by means of

a system of reception that would discriminate against the sky wave

in favor of the ground wave. Another possibility is to employ a wave
of a frequency such that the effect of the Kennelly -Heaviside layer

upon its propagation would not be detrimental for the purpose under
consideration. It is generally recognized that under prevailing atmos-
pheric conditions waves of a frequency higher than 30 to 40 mega-
cycles fulfill this last requirement since they are not refracted back to
the earth by the Kennelly -Heaviside layer but on the other hand pene-
trate it. Thus by using sufficiently high frequency it is possible to avoid
the necessity of having to receive waves that have suffered rotation
and multiple path transmission since at these higher frequencies even
the tangent ray strikes the lower boundary of the ionized medium at
an angle greater than the critical angle and therefore will not be re-
turned to earth but will he refracted into space. Transmission is then
effected entirely by the "direct wave", and the intensity and polariza-
tion of the received signal are substantially independent of the condi-
tion of the upper atmosphere.

EXPERIMENTAL WORK

In order to determine experimentally the characteristics of a radio
range beacon operating at high frequencies, a four -course beacon was
placed in operation at the Round Hill Airport. Crossed loops were em-
ployed because of their convenience in this particular instance al-
though the use of vertical antennas would undoubtedly have proved
more efficient. This work was carried on at a frequency of 34.6 mega-
cycles and the simplest form of transmitter that would provide satis-
factory operation was employed. Briefly it consisted of a 75 -watt,
self-excited triode oscillator operating at 17.3 megacycles. The output
of this tube was inductively coupled to the input of two 75 -watt
tetrode amplifier tubes having their grid circuits in parallel and acting
as "frequency doublers." The radio -frequency outputs of these tubes
were fed directly into the loop antennas which were tuned to 34.6
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megacycles by means of variable series condensers. Each tube fed one
of the loops, and the customary interlocked "A -N" characteristic was
obtained by the synchronized keying of each tube. In effect one tube
supplied the "A" loop and the other the"N" loop. The interlocked keying
arrangement placed one tube in operation while the other was idle and
vice versa thus keeping a uniform load on the oscillator and creating
negligible frequency shift with keying despite the simple circuit ar-
rangement. A modulated signal was obtained by employing 500 cycles
alternating -current plate power.

In actual service a more elaborate transmitter would be indicated
for good frequency stability. Also provision could readily be made to
modulate each output tube with the frequencies which are to be em-
ployed for visual radio range beacons in this country.

Adequate shielding is necessary in order to minimize radiation from
the circuit elements. In the experimental transmitter, the oscillator
was placed within a copper shield which, in turn, was placed within a
second shield which also contained the amplifier tubes and associated
apparatus. This double shielding of the oscillator together with the use
of frequency doublers effectively prevented undesirable radiation from
the generating and amplifying equipment.

The crossed -loop antennas employed with the experimental beacon
were triangular in shape and approximately two feet on a side. They
were mounted directly on the frame containing the transmitter and
the entire assembly was rotated when a change in the course was de-
sired.

Reception of the beacon signals was accomplished by means of
either tuned radio -frequency or superregenerative receivers. Obviously
any of the usual systems of reception for use at this frequency may be
adopted.

RESULTS

Continuous day and night observations over a period of several
months failed to reveal the presence of any atmospheric variation
whatsoever in the high -frequency beacon. The "on -course" position
remained fixed at all times in the direction it was orientated. The
results generally experienced in this portion of the high -frequency
spectrum indicate that if refraction phenomena were encountered,
they would occur during the daytime when the Kennelly -Heaviside
layer is usually the thickest and closest to the earth, rather than at
night. However, had such results been obtained during this experi-
mental work, it would merely have been necessary to operate the
beacon at a higher frequency to avoid this undesirable effect.
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Because of the so-called quasi optical nature of the waves at the
frequency utilized, the tests on the ground were confined to within 35
miles of the transmitter. Flight tests (over great distances) indicate
that the range over which the signals can be used is greatly in excess
of that which the quasi optical relationship would suggest.3

The lack of prominent elevations in the vicinity of the experimental
transmitter on which to locate the receiver limited the distance over
which the ground tests could be made. It was found that when the
transmission was entirely over sea water, or when it was to an air -

COURSE

COURSE

Fig. 1-Two courses-symmetrical.
Spacing: t wavelength
Phasing: I period

plane in flight, the range that could be obtained was greatly in excess
of that indicated by optical considerations taking into account the
curvature of the earth. The flight tests indicated that it would be
feasible to locate high -frequency beacons at the same intervals now
used on the established airways of this country and thus to provide
satisfactory service to aircraft flying at entirely reasonable altitudes.4

3 Range (miles = 1.225 \AT + \AR
hr = transmitter height in feet.
hR = receive height in feet.

Department of Commerce regulations require transport airplanes to effect
an immediate landing if conditions require flight below 500 feet.
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ADVANTAGES AND APPLICATIONS

It is well known5 that, by employing two vertical antennas properly
operated as to time and space phasing, it is possible to create a radio
beacon with any practical number of courses having almost any de-
sired orientation. A few of the possibilities are illustrated in Fig. 1.
The use of high frequencies makes the erection of vertical antennas of
dimensions comparable to the wavelength, and thus relatively small,
entirely feasible. The radiation efficiency that is thereby realized is
greatly in excess of that obtained with the present loop antenna systems.

COURSE

/

COURSE

COURSE

COURSE

Fig. 2-Four courses dissymmetrical.
Spacing: 2 wavelength
Phasing: 0 and z period

The small size of a complete short-wave beacon makes it entirely
practicable to locate them immediately adjacent airports without
creating a major hazard to aerial traffic.

In general, vertical receiving antennas are used on airplanes for
radio range beacon reception. The length of such antennas is limited
by the conditions imposed by the airplane dimensions. Their practical
length, although electrically too short for most efficient reception of
the prevailing low -frequency beacons, becomes electrically appropriate
for the high -frequency beacon described here. It is worthy of note that
the use of a vertical receiving antenna is imperative if the maximum
range is to be obtained with these high -frequency transmissions.

5 R. M. Foster, "Directive diagrams of antenna arrays," Bell, Sys. Tech.Jour., vol. 5, p. 292; April, (1926).
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For runway localizing beacons as aids to landings in thick weather,

the use of high frequencies is a decided advantage particularly because

of the simplicity of the equipment and the unlikelihood of interference

between adjacent airports. For such use the entire beacon can be

Fig. 3-Six courses-dissymmetrical
Spacing: wavelength
Phasing: period

readily installed upon a small truck and transported to the location
at the airport as dictated by prevailing weather and ground conditions.

Inasmuch as an airplane using a high -frequency runway localizing
beacon would be at a relatively low altitude, there is little possibility
of interference from similar beacons operating at airports a reasonable

distance away.
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