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PRELIMINARY REPORT
ON &
FOUR COURSE ULTRA HIGH FREQUENCY RADIO RANGE
by
J. C. Hramada

SIMMARY

First experiments on an ultra high frequency radioc rangs,
having four courses, indicate that a reliable four eouras rTadio
range on the ultre high frsquenciea 18 practicable, and has vary de-
sirable oharacteristios. Of perticular significance 1s the utility
of suth a navigational aid during edverse weather conditions. Due
to their freedom from high statie levels and absenee of the reflected
sky wave, the ultra high frequencies have proven particulerly well
suited for short distance communicetions, within and somewhat beyond
optiocal path diatences. This is borne out by the sucoessful operation
of the Bursau of Air Commerce radioteletype circuit between Washington
end Beltimore on frequencies within the 60-65 megacyels band, and more
recantly by the ancouraging results obtsined in experiments on 125
megacyclea for girport traffie control purposes {see Report No. 2),
The present state of knowledge indicates that when this development ie
canplete it will be poseible to instaell radio range systems at a eon-
siderably lower coat than is necessery for those now in use and that

this figure may be as lce as one fifth of prepent coata.
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INTRODUCTION

The poasibility of utilizing ultra high frequencies for
radio ranqo stations eocn becesme apparent during the courss of
radio experimantal work. In the early part of 1937, the Redio De-
velopment Seetion undertook the development of auch a radio range.
The frequenay chosen was 63 megacycles, prineipally because sush
e trangnitter was alrsady available. Numerous teats were made at
the Silver Hill experimental radi? station, and in June the firat
flight tests were mede in airplene N8-62. Due to the proximlIty of
two 125 foot atesl towers end g number of antennes and trensmissien
lines on the site, all within a radius of 75 to 500 fset of the
radio range antenna, (which was only 20 feet above the ground)
these flight tests indisated that severe reflections were taking
Pleas thus oausing the figure-cf-eight petterns to beocme badly
soalloped, resulting in pronounged multiple range coursea. Accord-
ingly, the equipment was reinatslled at Indianapolis, whers a new
antenna was erected free of cobatructions. The redio range was flight
sheeked in the latter part of Septamber.

The results obtained during these flight tests wers very
sugoessful, in spite of the fact that the aireraft receiver instella-
tion on NS~-78 wae not entirely adequate. It ims the purpose of this
report to deseribe the equipment used, and discuas the results ob-

tained in thape first experiments.
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EQUIPMENT

The tranamnitter and gsaociated equipment were installed
in the inner marker station building at the Indianapolis Airport.
The type TXI transmitter is crystal eontrolled and delivers 100
watte output at 63 megacyveles to the antenna, Modulation is ob-
tained from a standard 1020 cycle tone oseillator. 4 standard type
AC-75 keying deviee was also used. Tha radic frequency energy was
Ted to the link e¢ircuit relay by means of a coaxial cable buried
underground. The link eircuit relay was mounted in a weather-proof
metal box ebout five fest ahove the ground, and fastened to the an-
tenna supporting pole. A type 3C-74 link eirguit relay was modi-
fied for operaticn at these frequencies, so that the armature has a
greater follow-through, and contacts are ebout 1/4 inch in diameter.
The fixed contacta are supportad on isolantits insulators. These
modifications were made in order to reduce the stray capacity coup-
ling between open contacts to a minimum, and thereby produse very
good "minimums™ in the resultent figure-of-eight field patteras,.
Figure 4 is a cloae-yp view of the link eireuit relay.

The antenna syatem of the 63 megacyele radio range is par-
tieularly interesting in thet 1t could be housed in a cubical space
less than seven feet on a side, In figure 1 is shown a schematie of
the whole entenna aystem. Four vertical radiators, each approxi-
mately one-helf wave length long, ars supported on insulators in the

ocorners of s square about six feet on each alde. Two coaxiel cablea,
/327



from the fixed contacts of the link cirecuit relay, feed diagonal
pairs of antenna elements, such that the coaxiel e¢ables run direet-
ly to the mid-points of sach antenna element. It will be noted
from the figure, thet diagonel palrs of elements have reversed con-
nectiona to the inmer and outer ccnductors of the cables, to pro-
vide the necessary phase reveresl to produce a figure-cof-eight
pattern. The outside conductor of the coaxiel lines and the metal
housing of the link eircult relay are electricmlly bonded and cen
be grounded at eny point. The whole sntenna system was supported on
a 23 foot pole at Indianapolis, about 60 feet from the tranamitter
housa. A greeter height would have been desirable, but would have
constituted an cbastruction in its present location. An obstruetion
light was instelled in the center of the system. Figure 2 shows the
entire radio range antennes systen and the link circuit relay. A
close-up of the entenna elements is shown in Tigure 3.

Since no elrereft receiver was available for flight tests,
a type HUB grovud station recelver was modified for 12 volt battery
operation, with one concentrie line redio frequeney pre-selector. The
receiver ie a crystal controlled super-heterodyne using one etage of
radic frequency emplification, and two steges of intermediete fre-
queney amnplifieation at 3850 klloeycles, having a band width of &0
kilocycles. Manuel volume control was used throughout the tests.
The entenna on NS5-78 consisted of a stendard low frequency vertical

mast antenna extending approximastely 5 feet ebove the fuselage.
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TESTS
Initial tests on the ultra-high frequency range instal-

lation consisted of taking field intensity messurementa and deter-

mining the field strength patterns of each pair of entenness and
the epproximate aligmment of the courses by means of ground checks.
A field pattern was taken at a distanee of 100 feet from the an~
tenna (figure 5), to determine whether or not interference effects,
due to reflection or diffraction of energy from surrcunding objecta,
were present. With the exception of a few points taken in the im-
medlate vieinity of the transmitter building, the curves were very
anooth showing elmost complete absence of any such effects. It was
noted, too, that practieelly complete cancelletion cecurred along
a line normal to the plane of an antenna pair which would indicate
that the currents in the antenne e¢lements were of the proper phass
and amplituds.

The first flight checke were made acrcse sach ¢f the
coursies at a distance of approximately tsn milea from the station
and at altitudes of from 1000 to 5000 feet. The on-course zones ap-
preared to be sbout 3° wide with perfectly interlocked signels snd no
‘trace of key clicks or timbre change. No evidence of nultiple courses
or multiple course effect was ocbserved, even during flights which in-
tersected the courses at very acute angles. The cone of silence was
found to be very broad and deep, the pericd of absolute silsnce rang-
ing from 6 seconds at 1000 feet to 30 seconds st 4000 feet, while fly-

1pg at 100 milea per hour.
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Later flights were made cut on sach of the courses to
determine the distence range of the station and the effect of al-
titude on field intensity. It was found that the meximum ueeble
distence of the station was epproximately 50 miles, but this limi-
tation was imposed by the high 1gnition noise level in the airplane
rather than by rapild sttsnustion of the signal. It 1s believed
thet & well shielded and bonded receiver instsllation would lergely
eliminete ignition interference, and sxtead the usable dlstance of
tha atation to about 100 miles at 10,000 feet amltitude. Atmospher-
le stetic interference was not encountersd during any of the tests.
No multiple courses were observed during cross course flights et e
distance of 50 milea from the atation, and chenging altitude from
2000 to 5000 feet hed no epparent effect upon received fisld inten-
sity. At altitudes below 2000 feet end fifty miles from the range
station, the signal Taded out completely.

During ell flight tests 1t was noted thet the receiving
antenna on NS-78 was directive in such & way thet meximum signsal
was received when flying swey from or at an angle of 90° to the sta-
tion. The reduction in received signal when flying toward the ste-
tion wes quite merked., While this direc¢tivity would ceuse variaetions
in signel intensity when the ship wae maneuverad, 1% never gave rise
to eny false course indiecations. It 18 believed that this effect
could be overcoms by using a short (2 foot) stub mest antenna located

up near the nose of the ship.
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The aligrment of the courses was cheecked during flight
end is shown in figure 6. It was originelly intended thet the
courses bs 90° spart, but no attempt 40 secure such alignment was
made during this preliminery work. The departure of 4° from the
nommal 90° relstionship cen be aseribed to slight inaccuracies in
making the initiel adjustmenta end no difficulty in correeting the

aligpment 1s anticipated.

RESULTS
The results cbtained in the tsests eonducted on the ulira
high frequency radic renge at Indienapolis have shown that:

{1} On-course signals ere of very steady charscter, snd sound
like a continuocus, unkeyed tona. No timbre effect was present on
any of the courses, and key clicks were antirely absent both on and
off courae. The adjusiment of the link eoircuit relasy was not in
the least critical.

(2) No multiple courses were detected on any of the four
oourses., Careful checka were made, both by flying across the ccurses
around the station at various distences, and also by flying gradually
into a course end out of it.

(3) The cone-of-silence is very definite and brosad, baing mark-
ed by B dead silencs.

(4) Although the antennm used on N3-78 ghowed soms directicnal
characteristica, maneuvering banks and turns never changed the char-

acter of the signal nor gave any false indicationmns.
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(5} The antenna syatem for the rsnge station is aimple, rugged,
and relstively inexpensive as compared %o the low freguency radio
range. Since the entaenna syatem is elevated above ground and requirea
such gmall physical space and short, efficient trenemission lines ars
used, it is anticipated that a considersbly higher degree of course
atability, than is possible with the low frequency range antenna sys-
tan, w1ll be obtained.

{(6) Although the tests deseribsd in this report were msde under
falr vweather ¢onditions, previcus experience on the Weshington-
Baltimore radioteletypewriter circuit (61 and 65 megacycles) end the
125 megacyele flight teats at Indienapolis have shown an almost com-
Pleta ebsence of statie disturbances. Thie 15 of greastest importance,
and in itself 1s & vast improvement over the low fregquency radio range,
in that the renge service will be practiecally unimpaired in bed weather
when need thereof is greestest.

ECONMMIC FACTORS

The cost of the complete exparimental antenna system i1nclud-
ing trensmission linea wes less than $250, as compared to $9400, the
approximate coat of four 125 feet 1naulated steel towers erscted and
ineludirg ccuntwrpolses, transmismion linea, and tuning houses. The
transmitter used in these tests is valued at $2000.

Although development of the ultra high freguency radic range
is not ocomplete, end certain refinements are contemplated, 1t i1s ex-~

pectad that the total expenditure necessary for a radio range stetion
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with sutomatic standby equipment will be considerably less than
that of the present low frequeney range stations, probebly net to

exceed #6600, whieh is one fifth of the present range stetion cost.

CONCLUSIONS
It 18 coneluded that:

{1} It 1s practicable to obtain a four-course radio range,
the courses of which are of sbout the ssme width as that obtained
on low frequencies with loop entennas, Lemely 3°. The courses ap-
pear scamewhat broader than on the tower type range.

(2] Further tests should be carried on at Indianapolis with
an improved receiver and aireraft entenna ilnetellation. 4 simple
rod antenna about two feet in length is all that ie required, and
a well shielded receiver with transmission line to the antemna will
materielly increase the flying range.

(3} FPFurther tests should be carried on at Silver Hill to fur-
thar improve the antenns system, particularly in the ccupling be-
tween the coaxial cables =nd sntenna elements, and a further study
ahould be made to obtain accurate control of the bearingas of the
courses.

(2) Tests et Indianapolis ahould inelude flights during periods
of heavy atmospherie disturbances and rain statie on low frequencies.

{5) Upon e¢ompletion of tests at Indianapolis, the entire equip-
ment should be reinstalled at some location in mountainous terrain,
such as Pittsburgh, t¢o determine whether or not any detrimeatal re-

flections will result in bent or multiple courses. It is believed that
HI22A7
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a 600 £t. x 600 ft. standard radio range plot will be sufficlent to
precluda any undesirable f10ldé distortions. Similar teats should
slso be conducted at Burbenk, California, and Salt Lake City, Uteh.

(6) Although the econe-of-silence is exceedingly good end un-
migtakable in teats to dete, Z type merkers should gtill be used,

(7} Simultsnsous radio range and telephone should be investi-
gated 80 that volece and range aervice may be provided on one high
frequency chennel if found practicevla.

(8) The merits of the ultra high frequenecy radio range should
be kept in mind in connection with future extensions and moderni-
zation of the Bureau of Air Commerece radio range facilitiaes, but neo
doefinite plans for econstrustion and instelletion on the alrwaye
should be made until all tests ars satiafactorily ecompleted, and ac-
tual service deta are obtained cn two or more such installations over

at least & ons year period of time.
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FIGURE INLDEX
No. Title

1 Schematiec diesgrem of the URF radio range antenna system.
2 The experimental radic renge at Indianspolis Alrport.

3 Close-up view of the radio range entenna system.

4 The modifisd link c¢irecuit relay mounted on pols.

5] Fleld pattern tsken on the ground at 100 ft. radius.

6 Map showing the courses as cbserved in flight tests.
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