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PRELIMINARY REPORT

ON A

FOUR-COURSE ULTRA-HIGH-FREQUENCY RADIO RANGE

SUMMARY

First experiments on an ultra-high-frequency
radio range, having four courses, indicate that
a reliable four-course radio range on the ultra
high frequencies is practicable, and has very

desirable characteristics. Of particular signifi
cance is the utility of such a navigational aid
during adverse weather conditions. Due to
their freedom from high static levels and ab
sence of the reflected sky wave, the ultra-high
frequencies have proven particularly well
suited for short-distance communications,

within and somewhat beyond optical-path

distances. This is borne out by the successful
operation of the Bureau of Air Commerce
radioteletype circuit between Washington and
Baltimore on frequencies within the 60-65
megacycle band; and more recently by the
encouraging results obtained in experiments on
125 megacycles for airport traffic control pur
poses (see Rept. No. 2). The present state of
knowledge indicates that when this develop

ment is complete it will be possible to install
radio-range systems at a considerably lower cost

than is necessary for those now in use and that
this figure May be as low as one-fifth of present
costs.

INTRODUCTION

The possibility of utilizing ultra-high fre
quencies for radio-range stations soon became
apparent during the course of radio experi
mental work. In the early part of 1937, the
radio development section undertook the devel
opment of such a radio range. The frequency

chosen was 63 megacycles, principally because
such a transmitter was already available.
Numerous tests were made at the Silver Hill
experimental radio station, and in June the
first flight tests were made in airplane NS-62.
238216–40–-2

Due to the proximity of two 125-foot steel
towers and a number of antennas and trans
mission lines on the site, all within a radius of
75 to 500 feet of the radio-range antenna

(which was only 20 feet above the ground),

these flight tests indicated that severe reflec
tions were taking place thus causing the figure
of-eight patterns to become badly scalloped,
resulting in pronounced multiple range courses.
Accordingly, the equipment was reinstalled at
Indianapolis, where a new antenna was erected
free of obstructions. The radio range was
flight-checked in the latter part of September.

The results obtained during these flight tests
were very successful, in spite of the fact that
the aircraft receiver installation on NS-78 was

not entirely adequate. It is the purpose of this
report to describe the equipment used, and
discuss the results obtained in these first
experiments.

EQUIPMENT

The transmitter and associated equipment
were installed in the inner marker station
building at the Indianapolis Airport. The type

TXI transmitter is crystal controlled and
delivers 100 Watts output at 63 megacycles to
the antenna. Modulation is obtained from a
standard 1020-cycle tone oscillator. A stand
ard type AC–75 keying device was also used.
The radio-frequency energy was fed to the link
circuit relay by means of a coaxial cable buried
underground. The link-circuit relay was
mounted in a weatherproof metal box about 5
feet above the ground and fastened to the
antenna supporting pole. A type AC-74 link
circuit relay was modified for operation at these
frequencies, so that the armature has a greater
follow-through, and contacts are about 3% inch
in diameter. The fixed contacts are supported
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absolute silence ranging from 6 seconds at
1,000 feet to 30 seconds at 4,000 feet, while
flying at 100 miles per hour.

Later flights were made out on each of the
courses to determine the distance range of the
station and the effect of altitude on field in
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Figure 5.—Field pattern taken on the ground at 100-foot radius.
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tensity. It was found that the maximum
usable distance of the station was approximately

50 miles, but this limitation was imposed by the
high-ignition noise level in the airplane rather
than by rapid attenuation of the signal. It is
believed that a well-shielded and bonded re
ceiver installation would largely eliminate
ignition interference, and extend the usable
distance of the station to about 100 miles to
10,000 feet altitude. Atmospheric static inter
ference was not encountered during any of the

tests. No multiple courses were observed dur
ing cross-course flights at a distance of 50 miles
from the station, and changing altitude from
2,000 to 5,000 feet had no apparent effect upon

received field intensity. At altitudes below
2,000 feet and 50 miles from the range station,

the signal faded out completely.
During all flight tests it was noted that the
receiving antenna on NS-78 was directive in
such a way that maximum signal was received
when flying away from or at an angle of 90° to
the station. The reduction in received signal

when flying toward the station was quite

marked. While this directivity would cause
variations in signal intensity when the ship was
maneuvered, it never gave rise to any false
course indications. It is believed that this
effect could be overcome by using a short
(2-foot) stub-mast antenna located up near the
nose of the ship.
The alinement of the courses was checked
during flight and is shown in figure 6. It was
originally intended that the courses be 90°
apart, but no attempt to secure such alinement
was made during this preliminary work. The
departure of 4° from the normal 90° relationship

can be ascribed to slight inaccuracies in making

the initial adjustments and no difficulty in cor
recting the alinement is anticipated.

RESULTS

The results obtained in the tests conducted

on the ultra-high-frequency radio range at
Indianapolis have shown that:
(1) On-course signals are of very steady char
acter, and sound like a continuous, unkeyed

tone. No timbre effect was present on any of
the courses, and key clicks were entirely absent
both on and off course. The adjustment of the

link circuit relay was not in the least critical.
(2) No multiple courses were detected on any

of the four courses. Careful checks were made,

both by flying across the courses around the
station at various distances, and also by flying
gradually into a course and out of it

.

(3) The cone-of-silence is very definite and
broad, being marked by a dead silence.
(4) Although the antenna used on NS-78
showed some directional characteristics, ma
neuvering Banks and turns never changed the

character o
f

the signal nor gave any false indica
tions.

(5) The antenna system for the range station

is simple, rugged, and relatively inexpensive a
s

compared to the low-frequency radio range.

Since the antenna system is elevated above
ground and requires such small physical space,

and short, efficient transmission lines are used,

it is anticipated that a considerably higher de
gree o

f

course stability than is possible with the
low-frequency range antenna system will be
obtained.

(6) Although the tests described in this report

were made under fair weather conditions,
previous experience on the Washington-Balti

more radioteletypewriter circuit (61 and 65
megacycles) and the 125-megacycle flight tests

a
t Indianapolis have shown an almost complete

absence o
f

static disturbances. This is o
f great

est importance, and in itself is a vast improve

ment over the low-frequency radio range, in that
the range service will be practically unimpaired

in bad weather when need thereof is greatest.

ECONOMIC FACTORS

The cost of the complete experimental an
tenna system including transmission lines was
less than $250, a

s compared to $9,400, the ap
proximate cost o

f four 125-foot insulated steel
towers erected and including counterpoises,

transmission lines, and tuning houses. The
transmitter used in these tests is valued at
$2,000.

Although development of the ultra-high-fre
quency radio range is not complete, and certain
refinements are contemplated, it is expected
that the total expenditure necessary for a radio
range station with automatic standby equip

ment will be considerably less than that o
f

the
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present low-frequency range stations, probably

not to exceed $6,600, which is one-fifth of the
present range station cost.

CONCLUSIONS

It is concluded that:
(1) It is practicable to obtain a four-course
radio range, the courses of which are of about
the same width as that obtained on low fre
quencies with loop antennas, namely 3°. The
courses appear somewhat broader than on the

tower type range.

(2) Further tests should be carried on at
Indianapolis with an improved receiver and
aircraft-antenna installation. A simple rod
antenna about 2 feet in length is all that is
required, and a Well-shielded receiver with
transmission line to the antenna will materially

increase the flying range.

(3) Further tests should be carried on at
Silver Hill to further improve the antenna
system, particularly in the coupling between the
coaxial cables and antenna elements, and a fur
ther study should be made to obtain accurate
control of the bearings of the courses.
(4) Tests at Indianapolis should include
flights during periods of heavy atmospheric

disturbances and rain static on low frequencies.

O

7

(5) Upon completion of tests at Indianapolis,

the entire equipment should be reinstalled at
some location in mountainous terrain, such as
Pittsburgh, to determine whether or not any
detrimental reflections will result in bent or
multiple courses. It is believed that a 600- by
600-foot standard radio-range plot will be suffi
cient to preclude any undesirable field distor
tions. Similar tests should also be conducted

at Burbank, Calif., and Salt Lake City,
Utah.

(6) Although the cone-of-silence is exceed
ingly good and unmistakable in tests to date,
Z-type markers should still be used.
(7) Simultaneous radio range and telephone

should be investigated so that voice and range

service May be provided on one high-frequency

channel if found practicable.
(8) The merits of the ultra-high-frequency

radio range should be kept in mind in connec
tion with future extensions and modernization

of the Bureau of Air Commerce radio-range
facilities, but no definite plans for construction
and installation on the airways should be made
until all tests are satisfactorily completed, and
actual service data are obtained on two or more

such installations over at least a 1-year period
of time.
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