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PRELIMINARY REPOHT 

ON A 

FOUR COURSE DLTFIA HIGH FRBQUKNCY RADIO FIANGX 

by 

J. 0. Hmmada 

Flrrt orperimsnte on an ultra high freqrisncy radio range, 

having four coume~~, indicate that a reliable four coume radio 

range on the ultra high frequenolee is practicable, end hae vary de- 

airablr oharaoteristios. Of particular slgniflcancs 18 the utility 

of wOh a navigational. aid during adverse mather aonditione.. Due 

to their fmmdom from high static level6 and ebaenee oi the reflected 

rky wave, the ultra high frequenoies have proven particularly well 

mited for short diatanoa comunioatlona, within and sawnhat beyond 

optioal path diatancra. This ia borne out by the sucosarf’ul operation 

of the Bureau ot Air C-woe radioteletyge clrcnit between Washington 

and Baltimore on frequsnoiea within tha 60-65 megacycle band, and mom 

recently by the encouraging resulta obtained in experimenta on 123 

megaoyolw~ for airport traffio control purpoaee (ese Report No. 2). 

The pmsent rtate of knmlrdge lndioatar that when thia development ia 

aaplotr it will ba poraible to install radio range aystans at a oon- 

#ldrrably lover coat than ir necessary for those no= In use and that 

thin figure may be aa lc,r .M one f1ft.h 0f preeent co&a. 
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Tha pomnibility of utilizing ultra hlgb trequenoira ior 

radio renfe atationa BOOII beome apparent during the courm of 

radio exprrimantal work. In the early part of 1987, the Radio Do- 

velopment Saotion undertook tha development of auoh a radio range. 

The tnquenoy oh-en mu 63 magaoyoler, principally becauea euoh 

a tr.sn&ttor sm already availsbla. Numerous to&# were made at 

the Silver Hill erppsrimsntal radio rtation, and in June the first 

flight tertr worm mad@ in airplane NB-62. Due to the proximlty of 

two 126 foot at#el torara end 8 nmbrr of ant-88 and traaemisrien 

linea on the alto, all within 81 radius of 75 to 500 foot of the 

radio ranga antenna, (which wall only 20 foot above the ground) 

theoe flight teata indieatsd that meverm reflaotio~ w@ra taking 

plaoo thur owning the figure-of-eight pttternn to beoomo badly 

roalloped, resulting in gronouwod multiple range coursee. Acoord- 

Ingly, the equipment 1~ rsinatalled at Indtanapolir. where a new 

antenna =a# emoted rme or obstruction& The radio range maa flight 

ahasked in the latter pert of Septembpr. 

The rseulta obtained during theae flight teats mare very 

~~a~~~tul, in spite of tho iaot that the airoral reoeirer inatalla- 

tion on NS-70 ram not antirely adequate. It la the purpose of this 

report to deaoribe the equipment used, and diacuar the reeultr ob- 

talnod in theea tFF8t sxperimentr. 
*l&-l7 
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The tranwitter end aaaocisted equipment mere installed 

in the inner marker station building at ‘the Indianqpolir Alrport. 

The typo ‘XI transmitter is crystal controlled and delirem 100 

ratts output at 63 megaoyol.. to the antenna. Modulation I. ob- 

tained from a etanderd 1020 cycle ton. orcillator. A etendard type 

AC-75 keying device 1.. al.0 uesd. The radio frequency enrrgy TM 

red to the link circuit relay by mean. of a co.ri.sl oable buried 

underground. The link circuit reley wau mounted in a weatherproof 

metal box about five feet above the ground, and rastened to the en- 

tenna supporting pole. A type AC-74 link oirouit relay was modi- 

fied for operation at thmse frequencies , ao that the amatura ha. a 

greater follow-through, and contact. er. about l/4 inch in diameter. 

The fixed contaot. are supported on isolantlte insulatora. These 

modifioatione mere mad. in order to reduoe the stray oapaoity coup- 

ling between open contact. to a minimum, and thereby pmduo. very 

good %inimumrn In the resultant figure-of-eight field pattern.. 

Figure 4 is a close-up view of the link circuit relay. 

The antenna eyetan of the 63 megacycle radio range is par- 

ticularly intereeting in that It could be h&sod in a cubical space 

lesa than eeven iaet on a clde. In figure 1 is shown a schematic of 

the whole antenna system. Four vertical radiator., each approxi- 

mately one-half wave length long, are eupported on insulators In the 

oorner. of a aquer. about six Seat on each aide. Two coaxial oablea, 
7+/22? 
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from the fixed contacts of the link circuit relay, feed diagonal 

pairs of antenna el.nellt.s, such that the coaxial cables run direct- 

ly to the mid-points of each antenna element. It will be noted 

from the figure, that diagonal pairs of elanents have reversed con- 

necticna to the inner and outer conductors of the cables, to pro- 

vide the necessary phase revereal to produce a figure-of-eight 

pattern. The outside conductor of the coaxial lines and the metal 

housing of the link oircuit relay are electrically bonded and can 

be grounded at any point. The whole antenna system aaa 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 obatmetion in its presant location. An obstruction 

light was installed in the center of the system. Figure 2 shows the 

entire radio range antenna systq and the link circuit relay. A 

Close-up of the antenna elements is shown in figure 3. 

Since no aircraft rece1v.r WWI available for flight testa, 

a type FilJB grwnd station receiver was modified for 12 volt battery 

operation, with one concentric line radio frequency pre-selector. The 

receiver la a crystal controlled super-hetemdyn. using on. stage of 

radio frequency eanplificatwn, and two stagee of intermediate fre- 

quency amplification at 3.350 kiloaycles, having a bend width of 60 

kilocycl... Manual volume control was used throughout the test.. 

The antenna on IS-78 consisted or a standard low frequency vertical 

mast antenna extending approxunately 5 feet above the fuselage. 

#/227 
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TESTS 

Initial teats on the ultra-high frequency range inatal- 

l&ion consisted of taking fiel& intensity measurements and deter- 

mining the field strength patterns of each pair of antennas end 

the approximate aligmnsnt oi the courses by meana of gmund checks. 

A field pattern was taken at a distance of 100 feet Pmm the an- 

tenna (figure 5), to determine whether or not interference efiects, 

due to reflection or diffraction of energy from aurmunding objeete, 

lvere present. With the exception of a few points taken in the im- 

mediate vicinity of the transmitter building, the curvea vere very 

smooth showing almost complete absenoe of any such effects. ft ves 

noted, too, ‘that practically complete cancellation occurred along 

a line normal to the plane or au antenna pair which rould indicate 

that the currents in the antenna elements were of the proper phase 

and amplitude. 

The first flight checka were made across each of the 

courfiee at a distanue of approximately ten miles from the station 

and at altitudes of from 1000 to $000 feet. The on-course zo~ee ap- 

peared to be about 5O ride rith perfectly interlocked signals and no 

‘trace or key clicks or timbre change. No evidence of multiple cDursea 

or multiple course effect maa observed, 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 period of absolute silence rang- 

ing fmm 6 seconds at 1000 feet to 30 seconds at 4000 feet, while fly- 

lng at 100 milse per hour. 
;6faa7 
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Later IY1ghts were maas out on each or the COurbbb to 

determne the dietence Penge or the station end the errect 0r al- 

tltudb on rleld intensity. It wee found that the meximum usable 

distance of the statmn wee approximately 50 miss, but this limi- 

tatlon rab imposed by the high ignition noise level in the airplane 

rather than by rapid attenuation of the signal. It 18 believed 

that a well shielded end bonded receiver installation would largely 

eliminate ignition interterence, and extend the Ueablb distance of 

thb atatlon to about 100 miles at 10,000 feet altitude. At!nObpheP- 

ic statlc interference mas not encountered during eny of the teete. 

ITo multiple coureee mere observed dunng croee courm flights at a 

distance 0r 50 milea from the station, and chwing altitude rr0m 

2000 to 5000 feet had no apparent effect upon received rield inten- 

sity. At altitudes below 2000 feet and fifty milae from the range 

station, the signal faded out completely. 

Ihmmg ell flight tests 11 wee noted that the Pecelving 

antenna on NS-78 was directive in such a my that maximum signel 

WCLS received when flying may rm or at an angle or 90' to the sta- 

tion. The reduction in received signal when flymg toward the ata- 

tion me quite marked. while thle aimtlvity tiouia cause varlatione 

in signal intensity when the ship wee meneuvered, It never gave rise 

to any false couree indxatlone. It 18 believed that this effect 

could bb overcomb by wing a short (2 foot) stub mast antenna located 

up near the no80 of the ship. 

a/a27 



-7- 

Thb ali@ment of the courses was checked during flight 

and is shorn in figUS 6. It was originally intended that thb 

courses bb 90' apart, but no attanpf to secure such alignment was 

made during this preliminary work. The departure of 4’ from thb 

normsl 90’ relationship ce.n be ascribed to slight inaccuracies in 

making the initial adjustments and no difficulty in correcting thb 

ali@mant 13 ant 1cipated. 

RFSULTS 

The results obtained in the tests conducted on the ultra 

high frequency radio range at Indianapolis have shown that: 

(1) On-coursb signals ere of very steady character, end sound 

like a continuous, u&eyed tone. No timbre effect ma8 present on 

any of the COUPB.S. and key clioks Wbrb entirely absent both on and 

orr mr3b. Tha adjustment Or thb link oircuit relay was not in 

the laast critical. 

(2) No multiple courses mere detected on any of the four 

OOUPBb*. Careful checks were made, both by flying acmes the courses 

alound the station at venous distances, and also by flying gradually 

into d COWb and Out Or it. 

(3) The cone-of-silence is vary deflnite and broad, being mark- 

ed by a dead silence. 

(4) Although the antenna used on NS-78 showed some direotional 

chsraotenstica, maneuvering banks and turns never changed the ahar- 

acter of the signal nor gave any false indiaations. 

*/aa 
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(5) Thb antenna syatan r0r tha range statron is simple, rugged, 

and relatively inexpensive as compared to the lob frequency radio 

l%lgb. Limb thb antanna systbm is elevated above ground and rbquires 

such small’ physical spaab and short, 9rriolent tranmaission lines CVL) 

used. it in antioipatbd that a conbidbrably higher aegPbb of course 

btability, than is possiblb with the low frequency renge antenna syb- 

taI, 8111 bb obtained. 

(6) Although the tests described in thia report herb madb under 

fair wbathbr oonditionb, previous experience on the Baehington- 

Bdtimore radiotal.btypbrriter circuit (61 and 65 megacycles) and the 

125 IUbgaeyClb rllght teate at lndienapolis have shobn en almost com- 

pleta absencb or statio dlsturbancbb. This is of greatest importance, 

and in itsali is a vast improvement over the low frequency radio range, 

in that thb range service mill be practically unimpaired in bad weather 

bhbn nbbd therbof is greatbst. 

ECONCMIC FACTORS 

Thb aoat or thb complete exparlmental antenna syatbn rnclud- 

ing trsnasisbion linbb was less than $250, ab compared to $9400, thb 

approximate coat of four 125 feet insulated steel towers erected and 

including countarpoisba, tranmiseion lines, and tuning housea. !i%b 

transmitter lued in thbbb tests is valued at $2000. 

Although dbrblopment of the ultra high frequency radio range 

ir not oomplrtb, and certain refinments arb contemplated, It is ex- 

peotbd that thb total expenditure necbsaary iOr a radio range station 
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with automatlo etsndby equipmeat all1 be coneidbrably lose than 

that of the present low frequency rangb stations, probably not to 

erased $6600, whiah is one rirth or the present range station cost. 

CONCLUSIO= 

It ib concluded that: 

(1) It lb practicable to obtain a four-course radio range, 

the courses of whlah arb or about the samb width ab that obtainbd 

on lam frequencies alth loop antennae, nmnbly 3’. Thb COUrbbl CQ- 

pear somewhat broader than on thb tower type range. 

(2) Eurthbr tests should bb carried on at Indianapolis with 

an improved receiver and aircraft antenaa inetallation. A bimplo 

rod antenna about two fbbt in length is all that is required, and 

a rell shielded recbivbr with tranmnibsion linb to thb mtbnua will 

materially increase the ripng range. 

(3) %I’thbr tests should bb carried on at Silver Hill to fur- 

thar improve thb antbnna spatem, psrticularly in the coupling bb- 

twebn thb coaxial cables erxd sntbnna elsmbntb, aad a further study 

should be madb to obtain aCCUm.tb Control of thb bearinga ot tbb 

COUP6bII. 

(4) Tests at Indianapolis should inClUdb flights during perlcdb 

of heavy atmospheric disturbances and rain stat10 on low irequencibb. 

(5) Upon completion OF teats at Indianapolis, the bntirb equip- 

ment should be remstalled at some location in mountainous tbrrain, 

such as Pittsburgh, to determine whether or not any dbtrimental re- 

flections mill result in bent or multiple coureas. It is believbd that 
*/aa 



- 10 - 

a 600 it. I 6bO ft. rtandard radio range plot ~111 be sufficient to 

praClUdb any undbsir8blb field dirtortioae. Similar tarts should 

6ho be conducted at Burbank. California, aad Salt L.&b City, Utah. 

(6) jlthough the cone-Of-silence IS bXCbbdlIlgly &Oi and u11- 

mirtekable in taste to date, 2 type markers should at111 be used. 

(7) Simultaneous radio range and telephone should be inveati- 

gatbd so that voicb and rang6 abrvicb may be provided On one high 

frequency ahannbl ii found practicable. 

(6) The msrita of the ultra high frequency radio rang6 should 

be kept in mind in connection with future ertensionr and moderni- 

zation of the Bureau or kir Commerce radio range iacilitias, but no 

definite plans for aonstruotlon ad installation on the sireaye 

should be mado until all tests are satisfaotorily completed, and ac- 

tual service data are obtained on two or more such installatione over 

at least a one year period of time. 
*/aa 
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FIGURE INDEX 

1 Schanatic diagram of the UHF radio range antenna eyst.¶. 

2 The expermental radio range at Indianapolis Airport. 

3 Close-up view of the radio range antenna systen. 

4 The modified lmk circuit relsy mounted on pole. 

5 Field pattern taken on the ground at 100 it. radius. 

6 Map showing the coursea as observed in flight teats. 
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Fig.l- Schemtic diagram of the WF radio range antenna System. 
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Pig-Z- The experimental radio rage at Indianapolis 
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