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FOUR-COURSE ULTRA-HIGH-FREQUENCY RADIO RANGE 

suhmuky 

then freedom from hgh st&c levels and at+ 

ecnee of-atie reflected eky WIWB, the ulti-hgh 
frequenclea have proven particularly well- 
smted for shortitance commumcntmns, 
withm and somewhat beyond optical-path 
&~tancss. Thu IB borne out by the suoxssful 
opedmp of tie Bureau of AW Commerce 
xudmtitype carcut b&wean %Sngton and 
Bo.l!xmore on frequsn~ w~thm the 60-6.5 
megacycle band, and more recently by the 

mc.0~ raeults obf&~ed m expenments on 
126 megacycles for &p@ tralxc control pur- 
poses (we Rept No 2) The present state of 
hQWk&B IdlWteB tht when thm develop 
mat P oompl& It I& be poeable to mstall 
rdnmge ~&SLIB at B oonwderably lower cost 
than in m~fdr those now m use and that 
thre &gum ma7 be ae low aa one-6fth of present 
cost% - 

INTBODUCTION 

The pm&&y af, &bzmg ultra-lngh fre- 
qu.sn& for r&o-r- statmns am became 
appamnt diumg the damse of rsdm expen- 

Due to the pramuty of two 125-foot steel 
towers and a number of antennas and tnns- 
ml.%eloq hnnee on the site, au wahm a radnls of 
75 to 600 feet of the radio-range antenna 

(whch was only 20 feet above &he ground), 
these fight tests m&cated @at 8evere reflefr 
tmns were t&ng place thus cauamg the figure- 
of-eight pattam to b$come badly scalloped, 
reaultmg m pmnounaL3 mulhple range cam88 
Accordmgly, the eqmpment was re~~talled at 
Indmnepoli~, where B new antenne was erected 
free of obairuct~ons The radm range wna 
flight-checked m the latter part of September 

The resulta obtamed durmg these fkght t&a 
vere very sucoassfd, m spite of the fact that 
the arcraft receiver installatmn on NS78 w&8 
not entirely adequate, It 18 the purpose of tiu~ 
report to de-be the eqmpment used, and 
&sows the results obtamed m these fimt 

experlmentg 

EQUIPMENT 

The tranarmtter and sssoclated eqmpment 
were m~talled m the inner marker s&&on 
buddmg at the Indmn6poh Auport The type 

TXI tmnmnitter IE crystal controlled Bind 
debvera 100 watts output st 63 megacycles to 
the WI@IUUI Moduletlon 18 obtamed from B 
standard 1d20-eycle tone osallator A s&d- 
ard type 4C76 keymg device ~88 also used 
The redlo-heLplacy energy was fed to the lmk 
arcmt r&y by meens of B cor~&l cable buned 
underground The llnk-arcult r&y W&B 
mounted 111 a weatherproof metal box about 6 
feet above the ground and fastened to the 

antenna BU,,pOrhng pole A type AC74 lmk 
crcuit relay ~88 motied for operation at thsse 
frequenaes, 80 that the armature has a greater 
follow-through, and contacts WB about fi inch 
111 &&meter The fixed,cpntacta am supported 
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4x APPROX. ------- - 
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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 product very good minimums in 
the resultant figure-of-eight field patt’erns. 
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, arc supported on insulators 

ill-the corners of a square about 6 feet on each 
side. Two coaxial cables, from the fixed 
cont,acts of t’he link-circuit relay, feed diagonal 
pairs of antenna elements, such that the coaxial 
cables run directly to the midpoints of each 
ant’ennn element. It will be noted from the 
figure that diagona,l pairs of elements have 
reversed connections to the inner and outer 
conductors of the cables, t,o provide the neces- 
sary phase reversal t’o produce a figure-of-eight 
pattern. The outside conductor of the coaxial 
lines and the metal housing of the link-circuit re- 
lay a.rc electrically bonded and can be grounded 
at any point. The K-hole ant.enna system 
was supported on a 25-foot, pole at Indianapolis, 
about 60 feet from t,he transmitt#cr house. A 
greater height would have been desirable, but, 
would hare constit.ut-ed an obstruction in its 
present location. An obstruction light was 

Figure 2.-The experimental radio range at Indian- 
apolis Airport. 
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installed in the center of the system. Figure 2 
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 ti0 kilocycles. 
-\Ianunl volume control was used throughout 
the tests. The antenna on NS-78 consisted of 
iI standard low-frequency vertical-must, antcnnn 
&ending n.pproxima,tely 5 feet nborc the 
fW&ge. 

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 interfcrencc 
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. It was noted, 
too, that practically complete cancelation 
occurred along a line normal to the plane of an 
antenna pair @rich would indicate that the 
currents in the antenna elements were of the 
proper phase and amplitude. 

The first flight checks were made across cacll 

of the courses at a distance of approximately 
10 miles from the station and at a’ltitudes 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 gcriod of 

Figure 3.-Close-up view of the radio range antenna 
system. 

Figure 4.-The modified iin: circuit relay mounted on 
. 
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abe&te &nce rangmg from 6 seconds ot Later fllghta were made out on each of tho 
1,ooo feat to 30 seeon& at 4,000 feet, WbIIC comee to detemme the d~tance range of the 
flying at 100 n&a per hour statmn and the effect of altltudc on field in- 
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P,ture 6 -Field pattern taken an Ike mmnd at lOO.loot II 
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tans& It wea found that the malamum 

J usable dlatice of the station w&8 approxmM.ely 
50 m&e, but tb lumtatmn wae lmpoeed by the 
lugh-mtlon noue level 111 the u-plane rather 
than by rspld sttenuatlon of the mgnal It M 
bebeved that B well-slxelded and bonded re- 
cewer mtnlletlon would largely alumnate 
lgmhon mterference, and extend the usable 
dmtmw of the station to about 100 n&a to 
10,000 feet altitude Atmospheno static mtar- 
fertmce was not encountered durmg any of the 
tests No multiple coureee were observed dur- 
mg cro98-come tkghte at B d&awe of 50 m&e 
fmm the station, and changmg altitude from 
2,000 to 5,000 feet had no apparent effect upon 
recewed field mtenslty At alhtuden below 
2,000 feet and 60 mdes from the range et&on, 
the signal faded out completaly ) 

Durmg all tight tests It was hoted that the 
recenmg antenna on NS-78 w&8 dlrectwe ln 
such B way that manmum sIgna was recaved 
when flymg sway from or at en angle of 80’ to 
the stahon The reduction m waved agnsl 
when flymg toward the station W&B qmtn 
marked Wh& t&s dlrectlnty would cause 
vmatmm UI qml mtemty when the &p was 
maneuvered, It never gave rw to any false 
come mdlcatlons It IE beheved that thw 
effect could be werwme by uemg a short 
(2-f&) stub-mast enterme located up near the 
Ilme of the ehlp 

The &nement of the courses was checked 
durmg &ght and 19 ehown m figure 6 It wea 
ongmally mtendod that the coumes be 90’ 
apart, but no attempt to BBGUTB such almement 
mlls made durmg tb prehmmaw work The 

hnk nrcut relay wea not m the least cntical 
(2) No multiple courts were detected on any 

of the four coumea Careful checks were made, 
both by flymg acmes the com-ea around the 
.dahon at vmou8 dlstancee, and also by flymg 
gradually mto B come and out of It 

(3) The cone-of-sdence IS very defimte and 
broad, bemg marked by a dead sdence 

(4) Although the antenna used on NE&78 
showed wme chrectxmal charactcrlstax, ms- 
neuvermg banks and turns never changed the 
charectar of the signal nor gave any false mdwa- 
t1om 

(5) The antenna &am ior the range atatlon 
ls ample, rugged, and relatwely mexpenmve IM 
compared to the low-frequency r&o range 
Smce the antenna system IS elevated above 
ground and requres such small physical space, 
and short, e&lent transama~~n lmea are used, 
It 1s an!xlppated that a considerably hlgher de- 
gree of couree stablllty than 1s possible with the 
low-frequency range antenna system wdl be 
obtruned \ 

(6) Although the tats described III tbs report 
were made under fan weather con&tlons, 
pre,vxa expenence on the Washmgton-Balti- 
more ruhoteletypewnter cwcmt (61 and 65 
megacycles) and the 125-megacycle tight tests 
at Indmnapohe have shown an almost complete 
absence of et&c duturbances TIM 19 of great- 
est xnportanca, and m Itself IS a vast nnprove- 
ment over the low-frequency r&o range, m that 
the range semce mll be pm&ally ummpanxl 
m bed weather when need thereof IE greet& 

ECONOMIC FACTORS 

departure of 4’ from thenormal QaiOrelatw&p The cost of the complete expenmental an- 
can be aecnbed to nbght maccurac,ee m malung tcnna system mcludmg transrmss~on lmes WBB 
the nutIs1 adjustmente and no d&c&y m COT- less than $250, 88 campared to $Q,400, the ap- 
rectmg the almement 19 an~apated proxuaate cc& of four 125foot msulated steel 

RESULTS 
towers erected and mcludmg counterpoises, 
transrmss~on hues, and tunmg houses > The 

The results obtamed m the testa conducted transrmtter used m these tests 1s valued at 
on the ultra-hgh-frequency radm range at $2,000 
Indmnap& have ahown that Although development of the ultra-hlgh-fre- 

(1) On-course agnnls are of very steady char- ( quency rsdm range m not complete, and c&am 
n&r, and sound l&e a wntmuous, u&eyed refinements are contemplated, It IS expected 
tone No tibre effect XVIM present on any of that the total expenrhture necessary for B redlo 
the coum1ss, and key chcke were entlrelg absent range statIon wtth automatic standby eqmp- 
both on and off couree The adlustment of the ment wdl be conslderebly lrm than that of the 
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pwsent low-frequency range stetmns, probably (6) Upon completion of teats st Indanapohs, 
not to exceed $6,600, wbch 18 onefifth of the the entire equipment should be remetalled at 
praent range station cost ecme locatmn m mountamoua tarq euch 88 

CONCLUSIONS 
Rttebmgh, to determme whether or not any 
detrimental reflectlone will result m bent or 

It 18 concluded that mulhple co- It IS bebeved that a 130& by 
(1) It 18 practmnble to obtom B four-couw 600-foot standard rtio-range plot wdl be suffi- 

m&o range, the coup869 of whch are of about clent to preclude any underarable field &to*- 
the came wdth 88 that obtamed on low Ire- tlone Smular t&a ehould also be conducted 
quennes mth loop antennas, namely 3O The at Burbank, C&f, lbnd Salt Lake Chty, 
courses appear somewhat bmeder than on the Utah. 
tower type range (6) Although the cone-of-adance 18 exceed- 

(2) Further t&a should be carned on at mgly good and mum&&able m t&a to date, 
Indmnapohe wth an lmpmved receiver and Z-type markers should stall be used 
arcraft-antams mtallahon A ample rod (7) Sunulhmeous r&o range and telephone 
antenna about 2 feet m length IS all that 19 should be mvasQatad eo that vow and range 
requred, and a well-shelded recover wth ~ervw may be provided on one bgh-frequency 
tnmamlssmn hue to the antenna 4111 materwIly channel d found practicable 
mcre&8e the flymg range (8) The merits of the ultrsrhqh-frequency 

(3) Further testg should be corned on at radm range should be kept m mmd m cormec- 
Sdver Ehll to further *prove the antenna tmn wth future extauwxw and modermzahon 
system, pnrtn&r~y m the couphog between the of the Bureau of Au Commerce r&o-range 
comml cables and antenna elements, and a fur- fwhlzes, but no defnnte plans for constructmn 
ther study should be made to obtam accurate and met&hum on the furways should be made 
control of the bearm@ of the course u&l nil testa are sehafactinly completed, and 

(4) Tests at Indlanapobe should m&de actual eernw dsta we obtamed on two or more 
flights durmg pen& of hwy atmoepherx such rdallattom over at least B l-year penod 
dwturbrmcee and ram statx on low frequenc,ee of hme 
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