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ON A

FOUR- GOURSE ULTRA-HIGH-FREQUENCY RADIO RANGE

¥

SUMMARY

First experuments on an yltra-high-frequency
radio range, having four eourses, indicate that
a rehiable four-course radie.range on the ultra-
high frequencies 18 practicable, and has very
deairable charagteristics Of particular sigmfi-
cance 18 the utilify of such a navigational aid
during adverse weather conditions, Due to
ther freedom from lugh statc levels end ab-
sence of the reflected sky wave, the ultra-lugh
frequencies have proven particularly well-
smted for short-distance communications,
within and somewhat beyond optical-path
distances, This 18 borne out by the successful
operation of the Bureau of Air Commerce
radioteletype circmt hetween Washington and
Baltimore on frequencies within the 60-85
megacycle band, and more recently by the
encouraging results dbtatned m experiments on
126 megacycles for airpart traffic control pur-
poses (ses Rept No 2) The present state of
knowledge mmdicates that when thie develop-
ment 18 complate 1t will be possible fo 1nstall
radio-range systems at & considerably lower cost
then is nacessary for those now in use and that
this figure may b es low as one-fifth of present
costs ~

INTRODUCTION

The possibility of ufihizing ultra-high fre-
quencies for radms-rangé stations soon became
apparent durng the cowrse of radio experi-
mental work,. I the early part of 1937, the
radio develo t-soction; andertook the deval-
opment ok & radic piinge- The frequency
chossiF-was B&mﬂeﬂ prinapeally hecause
such-7a trdnmniitter  wai &lreqdy avaiable,)
Numerous tests were made at the Siver Hull
expermmental redso statién, and m June the
first flight tests were made m awplane NS82

ZFa7e—i0—32

Due to the proxmity of two 125-foot steel
towers and & number of antennas and trans-
mussion hnes on the aite, all within a radmus 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 1n pranounced multiple range courses
Accordingly, the equpment was renstalled &t
Indianapolis, where & new antenna was erected
free of obstructions The radio range was
fightchecked 1n the latter part of September

The results obtained during these thght tests
were vary successful, m spite of the fact that
the aircraft receiver installation on NS-78 was
not entirely adequate. It 18 the purpose of this
report to describe the equipment used, and
discuss the results obtained n these first
expermments

EQUIPMENT

The transmitter and essociated equipment
were 1pstalled 1 the inner marker station
bulding at the Indianepolis Airport  The type
TX] trensmitter 1s crystal controlled and
delivers 100 watts output at 63 megacycles to
the antenna Moduletion 18 obtamed from a
standard 1020-eycle tone osallator A stand-
ard type AC-75 keymng device was also used
The radio-frequency energy was fed to the link
cirewit relay by means of & coaxial ceble bured
underground The link-circuit relay wag
mounted 1n & weatherproof metal box about 5
feet above the ground end fastened to the
antenna supporting pole A type AC-74 hnk
errcuit relay wes modified for operation at these
frequencies, 8o that the armature has a grester
follow-through, and contacts are ebout ¥ inch
n dismeter The fixed contacts are supported
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Figure 1.—Schematic diagram of the UHF radio range
antenna system.

on isolantite insulators. These modifications
were made in order to reduce the stray capacity
coupling between open contacts to a minimum,
and thereby produce very good minimums in
the resultant figure-of-eight field patterns.
Figure 4 is a close-up view of the link-circuit
relay.

The antenna system of the 63-megacycle
radio range is particularly interesting in that it
could be housed in a cubical space less than
7 feet on a side. In figure 1 is shown a
schematic of the whole antenna system. Four
vertical radiators, each approximately one-half
wave length long, are supported on insulators

in-the corners of a square about 6 feet on each
side. Two coaxial cables, from the fixed
contacts of the link-circuit relay, feed diagonal
pairs of antenna elements, such that the coaxial
cables run directly to the midpoints of each
antenna element. It will be noted from the
ficure that diagonal pairs of elements have
reversed connections to the inner and outer
conductors of the cables, to provide the neces-
sary phase reversal to produce a figure-of-eight
pattern. The outside conductor of the coaxial
lines and the metal housing of the link-circuit re-
lay are electrically bonded and can be grounded
at any point. The whole antenna system

was supported on a 25-foot pole at Indianapolis,
about 60 feet from the transmitter house. A
greater height would have been desirable, but
would have constituted an cbstruction in its
An obstruction light was

present location.

Figure 2.—The experimental radio range at Indian-.
apolis Airport.
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installed in the center of the system. Figure2
shows the entire radio-range antenna system
and the link circuit relay. A close-up of the
antenna elements is shown in figure 3.

Since no aircraft receiver was available for
flight tests, a type RUB ground station receiver
was modified for 12-volt battery operation,
with one concentric line radio-frequency pre-
selector. The receiver is a crystal controlled
superheterodyne using one stage of radio-
frequency amplification, and two stages of
intermediate-frequency amplification at 3850
kilocycles, having a band width of 60 kilocycles.
Manual volume control was used throughout
the tests. The antenna on NS-78 consisted of
a standard low-frequency vertical-mast antenna
extending approximately 5 feet above the
fuselage.

TESTS

Initial tests on the ultra-high-frequency range
installation consisted of taking field intensity
measurements and determining the field strength
patterns of each pair of antennas and the
approximate alinement of the courses by means
of ground checks, A field pattern was taken
at a distance of 100 feet from the antenna
(fig. 5), to determine whether or not interfcrence
effects, due to reflection or diffraction of energy
from surrounding objects, were present. With
the exception of a few points taken in the im-
mediate vicinity of the transmitter building, the
curves were very smooth, showing almost com-
plete absence of any such effects. 1t was noted,
too, that practically complete cancelation
occurred along a line normal to the plane of an
antenna pair which would indicate that the
currents in the antenna elements were of the
proper phase and amplitude.

The first flight checks were made across cach
of the courses at a distance of approximately
10 miles from the station and at altitudes of
from 1,000 to 5,000 feet. “The on-course zones
appeared to be about 3° wide with perfectly
interlocked signals and no trace of key clicks
or timbre change>™ No evidence of multiple
courses or multiple-course effect was observed,
even during flights which intersected the courses
at very acute angles. /The cone of silence was
found to be very broad and deep; the period of

Close-up view of the radio range antenna
gystem.

Figure 3.

Figure 4..—The maodified llk' clrct relay mounted on
pole.
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abeolute silence ranging from 6 seconds ot Later flights were made out on each of the
1,000 feet to 30 seconds at 4,000 feet, whlc courses to determine the distance range of the
flying at 100 mules per hour station and the effect of altitude on field 1n-
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Figure 5 —Field pattern taken on the ground at 100-foot radius
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tensltyé It was found that the mammum
ussahle distance of the station was approximately
50 mules, but thus hmitetion wes unposed by the
high-igmition nowse level 1n the airplane rather
than by rapid attenuation of the mgnal It s
believed that a well-shielded and honded re-
ceiver 1nstallation would largely elmminate
ignttion interference, and extend the usable
distance of the station to about 100 miles to
10,000 feet eltitude  Atmosphenc static inter-
farence was not encountered during eny of the
tests No multiple courses were observed dur-
mg crogs-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 altutudes below
2,000 feet and 50 mules from the range station,
the signal faded out completely

During all thght teste 1t was hoted that the
receiving antenna on N8-78 wes directive n
such & way that mammum signel was received
when flying away from or at an angle of 90° to
the station The reduction 1n received mgnal
when flying toward the station was quite
marked While this directivity would cause
variations i signal mtensity when the ship was
meneuverad, 1t never gave rse to any false
course indications It 18 beheved that this
effect could be overcome by using & short
{2-foot) stub-mast antenna located up near the
nose of the ship

The alnement of the courses was checked
during flight and 18 chown n figure 6 It was
origmally mtended that the courses be 90°
apart, but no attempt to secure such ahnement
was made during this prehminary work The
departure of 4° from the normal 90° relationship
can be sscrbed to abght mmaccuracies in making
the mitial adjustments and no difficulty n cor-
recting the alinement 1s anticipated

RESULTS

The results obtamed mn the tests conducted
on the ultra-lgh-frequency radioc range at
Indianepolis have shown that

(1) On-course signals are of very steady char-
acter, and sound hke a continuous, unkeyed
tone No tumbre effect was present on any of
the courses, and key clicks were entirely absent
both on and off course The adjustment of the

1
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link cirewit relay waa not mn the least critical

(2) No multaple courses were detected on eny
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 & course and out of it

(3) The cone-of-silence 18 very defimte rnd
broad, being marked by & dead sdence

(4) Although the antenna used on NS-78
showed some directional characteristics, me-
neuvering banks and turns never changed the
character of the signal nor gave any false indica-
tions

(5) The antenna system for the range station
18 mmple, rugged, and relatively mnexpensive as
compared to the low-frequency radio range
Since the antenna system 18 slevated above
ground and requires such small physical space,
and short, efficient transrmssion linea are used,
1t 18 anticipated that a considerably higher de-
grea of course stability than 1s possible with the
low-frequency range antenna system wil be
ohtamed Y

(6) Although the tests described in this report
were made under farr weather conditions,
previous experience on the Washington-Balti-
more radioteletypewriter circuit (61 and 85
megacycles) and the 125-megacycle flight tests
at Indianepolis have shown an almost complete
absence of atatic disturbances This 1s of great-
eat 1mportance, and 1n 1tself 15 a vast 1mprove-
ment over the low-frequency radio range, n that
the range gservice will be practically unimpaired
mm bad weather when need thereof 15 greatest

ECONOMIC FACTORS

The cost of the complete experumental an-
tenna system ncluding transmission lines was
less than $250, as compared to $9,400, the ap-
proximate cost of four 125-foot nsulated steel
towers erected and including counterpoises,
transmission lines, and tuming houses > The
transmitter used m these tests 1s valued at
$2,000

Although development of the ultra-high-fre-
quency radio range 18 not complete, and certain
refinements are contemplated, 1t 13 expected
that the total expenditure necessary for a radio
range station with automatic standby equip-
ment will be considerably less than that of the
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present low-frequency range stations, probably
not to exceed $6,600, which 18 onefifth of the
prosent range station cost

CONCLUSIONS

It 18 concluded that

(1) It 18 practicable to obtan a four-course
radio range, the courses of which are of about
the same width as that obtammed on low fre-
quencies with loop antennas, namely 3° The
courses appear somewhat broader then on the
tower (ype range

{2) Further tests should be carried on at
Indianapohs with an mmproved receiver and
arrcraft-antenne 1nstellation A smunple rod
antenne about 2 feet m length 18 all that 18
requred, and a well-shielded receiver with
transmisston hine to the antenna will materielly
inerease the flying range

(3) Further tests should be carried on at
Sdver Hill te further immprove the antenns
gystem, particularly in the couphng between the
coaxiel cables and antenna elements, and a fur-
ther study should be made to obtamn accurate
control of the bearings of the courses

(4) Tests at Indianapolis should include
flights during periods of heavy atmosphernc
disturbances and rain static on low frequencres

O
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(6) Upon completion of teata at Indignapohs,
the entire equipment should be reinstalled at
some location 1n mountamous terramn, such as
Pittsburgh, to determine whether or not any
detrimental reflections will result n bent or
multiple courses It 18 believed that a 600- by
600-foot standard radio-range plot will he suffi-
cient to preclude any undesirable field distor-
tions Similar tests ehould also be conducted
at Burbank, Calf, and Salt Lake City,
Utah.

{6) Although the cone-of-mlence 18 exceed-
mngly good and unmistakable mn teste to date,
Z-type markers should still be used

(7) Simultaneous redio range and telephone
should be investigated so that voice and range
gervice may be provided on one high-frequency
channel if found practicable

(8) The merita of the ultra-high-frequency
radio range should be kept mm mind 1n connec-
tion with future extensions and medermization
of the Bureau of Awr Commerce radio-range
facihties, but no defimte plans for construction
and mstallation on the airways should be made
until all testa are setisfactorly completed, and
actual service data are obtained on two or more
such mstallations over at least a 1-year period
of tune



