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DEPELOPKENT OF ThX ULTRA-HIGH-FREQUENCY RADIO RANGE 

PART 1-m ULTRA-HTGH-FREQUENCY AURAL RADIO MGE 

'IhIs report descrl'as a series of aural radio range experments conducted at 
Indmnapolm, Ind , Pittsburgh, Pa , and Uashmgto", D C , at frequencms of 63 and 
125 megacjccles The results of "umelous ground and flight tests nslng vertxal and 
horizontal antennas are tiscussed mth particular reference to the radio frequency, 
mltlple courses, cone-of-silence characterlstxs, polarmatmn effects, reflectlo" 
effects, nome, atmospherics, dxstancs range, ionosphere reflectmns, and ancraft an- 
tennas Tne report sham tne progressm" of development from vertical polarleatlon to 
horizontal polarlzatlon using crossed dipoles to the fFnally adopted horwantally 
polarized array using horizontal loops wluch have substantially pure polarxatlon Ihe 
field patter" of the adopted array possesses two very desirable charazterlstxs, name- 
ly, a considerable increase of field strength ondourse and a reduction of field 
strength off-course Tnese characterlstxs are not available with the conventional 
crossed flgureaf-elght radio range pattern 

I" the early part of the developmsnt, It ,,zs shown that the 63-megac)~le 
vertically polarized range was somelhat superior to the 125inegacycl.z range using 
either nertxal or horrz.ontal crossed&pole antennas, and partlcslarly 1s this true 
as to multiple courses and polarleatlon effects It 1s showr conclus~vwly, however, 
that through the use of new developments made available by the rapIdly progressr,g 
art of applying ultra-tugh frequencies to the radio i-a"& problem, a radio range oper- 
atmg 01 125 megacycles and usmg pure horizontal polarxaatlon 1s superior to any of 
the othar ultrahIgh-frequency facllit1es prreri-~ously developed. 

III?RO3JClTON 

For the past several years the Teclvucal Development Xvlslo" has keen con- 
ductlng "-TOUS field tests dmected toward the appllcatio" of the ultra-high 
frequencies to the radio problem Tva fxst ultra-tagh-frequenc7 four-course aural 
radio i-a-,@ experments wei-e made o" 63 megacycles me results were very encourage 
lng and were disclosed I" a previous report1 1" the early part of 1938 

'Ihew tests lndlcatad that a fourxourse ultra-high-frequency aural range 
was practxable, but that further developat wvuld be necessary to uprove t% an- 
tenna systerr and the arcraft recelvlng equpment It xas concluded that further 
testv should be made in order to obtal" more concrete data to show the advantage of 
a" ultra-hlghh-frequency system Additional data were reqwed to determine (1) the 
advantages of ultra-high-frequerrcy rances dwing severe atmospwrx disturbances and 
i-al" static, (2) the effect of different types of terrain on the opratlo" of the 
equl?mert, (3) satxsfactory operatlo" of the ultra-high-frequency equipment over long 
perlads of txw, (4) the effect of opa-atmg ultrakgh-frequency ranges on high 
towrs and the effect of counterpoises on cone-of-s;lence characteristxs, (5) site 
req7arements for future 1nstzllat1ons, and (6) the operation characterlstlcs of a 
tPro<olsse ultra-high-frequency radio range 

7% 123- to 126-megacycle band was allocated to the Clvll Asronautxs At&an- 
xtratlo? for radlo range faclktles, and investlgatlons were conducted in this band 
as the art progressed Izter this band was extended to Include frequencies from 119 
to 126 msgacycles The development of 125-megacycle eqillpment was greatly advanced 
by the development of a substantially pure horx.ontallji polarlaed ultra-blgb- 

'5 C. Hroaada, "Rellmwary Report on a FourXourse Ultra-High-Frequency 
Radlo Range," CL~L~ Aeronautics Authority Technxal Development Report No 3, 
January 1938 
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frequency loop antenna I" connectlo" mth a Clnl Aeronautxs Admu,lstratlon radio 
instrument landing system contract 

The purpose of this report 1s to descrlb the equl>rent used and to discuss 
the tests and uwxtlgatlons made tc date O'L aural type ratio ranges operatIn* at 63 
and 125 megacycles 

TESTS OY 63 MFGACYSLE 

'he transmtters used 1" thes? tests ,a=~ tile typz TX, samJar to those used 
I" t5ie 3TeYlolE tests 2 'hey ware crqstalxontrolled and deLvered 100 ,mtfs of out- 
put pomr at 63 roegacycles A conventional class B modulator was use+ 1" conlunctlon 
wltk a 102ckycle vaclrum tube tone oscillator The type XXI transmtter 1s shorn I" 
figure1 A block dugram of this transrrltter IS shovn I" flgure 3 A nodlfled type 
AC-74 1"terlock relay, show" I" figure 2, leas used to key the ratio-frequency ti-ans- 
mission lines I" the A-h sequency Xx interlock relajj ms mounted on top of the 
trmsmtters u, these tests 1nsteau of outdoors as was done I" tw prevxous tests 

For the xceptic" of 63-negacycle signals, a type RUB c-&al-controlled 
ground statlo" receiver ems mcdlfxx, for use in an air$ane 'IIns recelv~r used a 
loaded coaxial line Input a-cult, a tw-stage lntermedlate-frequency arpltirzr at 
zfz: hlocjcles mth a 43-kilocycle m"d mdth, a"d a two-stage aho-freque"cy amph- 

A xmbrator type power supply unit fanxhed the necessary Lgh voltage. F~gure 
4 1s a block clagram of the complete rexaver and power apply. Tne ~‘ecelver 1s shown 
I" figure 5 Some of the audlo outpLt of the receiver IS rectlfled to opzrate a high- 
speed gapn~c recordsr For ths purpose, a" Esterllne-Angus type AR (O-5) tirect- 
current recording rmlllammeter mas fltted mth a vacuum tube ampLfler-recttiler 'rus 
unit was attached to the back of the recoxder as shown ~TI figure 6 FE receiver pomer 
suppl, also furrushed the D-T for operating this unit 

After tie completlo" of the preluuary tests mth the vertxally @arued 
63inegacycle range at Ipdx"apolx 17 October 1937, the equpment was moved to 
httsbxgh tiere flight tests acre conducted to detertine the effects of irregular 
and mox,ix~nous La-ran tiouyh the courtesy of the Westinghouse Electrx Sr 
Manufacturing Company, arrz7gexnts rrere mzde to utlllze the site of the abandoned 
Westlqg,-ouse receiving statlo" "ear Wllklnsburg, ?a nle ante"?? was on vely rough 
and vlly ground about 50 feet f-om the statlo" bllllting and 200 feet from a lar,l" 
hi-7 vrhlch was f:tted rnth a "u.ber 0: llghtm"E rods Flight tests shoTred the pres- 
ence of several ,maely separated rcnltlple courses, sucl as roul< bc rlue to nearby 
reflPctL"g obJects 

A search for a 'cetfer r&lo range site res,LteJ I" the leasing of a plot of 
growl located approximately 2 eules south of t-e AlleZher; Zounty A1rpi-t "ear 
"lalrto", Pa 'IIns plot of ground was a rounded knoll slapr,~ downnarj on all 
slddes about 10 feet -it a loo-foot radius The anternln ,ils erected on a 12-foot pole 
above a small shack xhxh housed the transrmtter lhe closest obstrmtlons, which 
nera trees on the east sldc and a "owr lu,e o" the lest side, wi-e \ell belox the 
level of the znienna, amout LO feet don the till 



cor&ngs of thx type, ~nasnuch 2s a" Intersectlo" of the tno has x,dicates a 
cmlrse When the two l~nez approach each other but 30 not Intersect, t'lere IS an I"- 
dxatlon of a tendency toxvd multiple cou-se 'Rns record was taken at 20 miles, "n 
the northwest leg of t$e range, at 3,200 feet above grourd There 1s a moderately 
slow rate of scalloping of the field patterns Figure 7E 1s a slrmlar record taken at 
45 rmles a" the north-nest leg ITI a flight ecross the course at 2,800 feet above @-au"3 

',M rang erhlh1ted -nultlple cones-of-silence as the anteul; mms three- 
quzrters wavele-~,Pth above Gound 

I" June, 1938, a rmtalhc screen or counterpo~e was erected at the Pittsburgh 
ate, one+uarter rvavelen,vth below the center of the rallators, I" an effort to eh- 
mnate the r;rult1ple canes-o-silence A wooden frame-work 30 feet square ,as built 
:rawd the transrmtter buldu,g, ad the entire top of the framework ~5 covered mth 
3/4-Inch galven1zed chxken 1-e wsh This I"stallat~o" IS shown 1" fl@z-es 8 and 10 
Recordings of the cone-of-silence agal" v~re made, one of Much 1s show, 1" figure 9 
'",e i-lse I" sl,-l between the fore and aft surges 1s probably due to ure,&arlty of 
tne recelvl": zntenna fAeld pzttern m tne Trertxal plane ana to effects of the au- 
pIa*e structure 'Bus recordmg was taken I" a ,'li&,t over the statlo? at 2,500 feet 
ahore ;rou"d. Cross-course fhghts also mere rade on ail fau courses ?'O mu1t1p1e 
courses mere fomd mthl? 50 or bo ~&lee of the station me southeast leg nas flown 
to r&-h", Pa , a distance of about 76 rmles, where crass-cours& fl&ts showed very 
slight ;ndxatlons of rmiitloile courses Tnese nultlples were of doubtful character, 
often appearu,g as a" o"<owse slgnal Jkst off the course and lasting only during 
the time of n single A 01 II ~nt.~rlocF, and could not be detected on the recordings 

Dunng the ci-ass--course fll@ts, accurate checks mere made aganst ground 
land;narks, and it ~2s noted that a slipht "pushu@ of the coarse resulted Dn 
fll@,ts perpendxular to a cowse from an A quadrant Into an 11 quedrant, the on-course 
slgal appeared displaced fornld from Its true psltlon some tistance Into the ?' 
quadr2*t S-laTlj-, o" flights back from the 11 quadrat to the A quadrant, the oh- 
served o---course appee-red displaced forrard to a posltun 1" the A quadrant At 76 
mles, this "pushing" effect e-9 about one unle. Under certain condltlons an opwslte 
or‘ "pulling" effect was note:, Pushrne and pulllne effects of the co~lses heve bee" 
observed a" "uxz~olrs occas~o"s at low frequencies mhen horizontal ?' oi- L antennas are 
used instead of a vei-txal wet, a7d they a-e due to pxk-up of the hor>zo"tal corn- 
parent Of the transllitted 51yna1 ConsIderable horu.o"tal co~onent ,ras observed on 
the pround at Plttsbu& nqth a portable field detector and vas due to ranlatlo" fron 
the coax~l 1~~s w%mlch rrere noi properly terTjnated 

In the rr~~orltj of the flrght tests at both Indlanapolls and P:ttsbur& the 
amcraft recelvlng ante nna ms a quartir-wave vertxal ~r'nlp antenna momted on top of 
the fuselade of the Slvll Aeranautxs A&nn1stratlo" Stu,son airplane N-80, Just back 
Of the pilot's seat (see Cl,: 34) 'Ihe antenna ms tued by jeans of a co11 and con- 
denser 1" series vlth the 1'nlF A flexible cozaal cable coupled the ante- to the 
recei1er Dul~g a portlo" of the fllgnt tests 2 half-wave wnlp antenna nounted 
through the fuselage Just forward of the rudder post was used m1s antenna has 
found to be ~tierlor to the first one Dxmg flliht tests lt me observed that when 
either KL"~ ~a5 FOl”te: to the statlo" on fll<hts per~~ndxular to the coli11se, the 
s1,71al vas verj cletr and free from what appeared to be extremel>- rasld apd uregular 
ampl1tuJe modal?.t10* effects. In flr&ts duectly away from the statlon, the swn?;s 
mi-e not so clear and cotild be considered only far I" tone characler Durux fllEhts 
mtr ,ealmgs to-r,rd the statlo', the slmnals rare very sadly cut up, and It was only 
a?th ~ff~sultj t'l2t tie COLI‘SW COUld be floim The course appeared to he sorewhat 
broadenec because of this modulatlo" effect In subsequent tests It was oeterrmned 
that this ST-~21 flutter was due to reflector or director ectio" of the rotating 
propeller and hence mas termed propeller qodulatlon In this part:cular caee the 
antenna, by thence, was very "eerly one wavemle"gth b2ck of the PI-OFWllWr. 

In June 19j8, another t3-mepcycle vertically polarized razllo range was 
erected at Indlanaoolu ,rth a x?ew to lmri-ovlng the k"ov" fahlts of the first an- 
tern2 systrm Fl,we 11 1s 2 schematIc dugrm of tie new antenna The dipoles 



m8p~ of the co-al end-fed variety, and each pair of diagonally opposite dipoles 
could lx adJusted to reduce the standing waves on the insIde conductor as well as on 
the outside of the coaxu.1 lu,es to a "e&able value. !i%e center of the dipoles 
ms 20 feet above ground. Onequarter wave below the center of the tipoles was a 
c~cular counterpoise 30 feet I" tiamster, made of 2-Inch-square galvaraed lro" uesh 
as shown 1" figure 12. In this flwe there 1s a fifth elerrent shown at the center of 
the antenna system 'Ihls elerent spas added to the array for the purpose of tests on 
smlultaneow range aId VOlCB ti-a"slJnsslo" Rhen the lower telescoprg sleeves on the 
dipoles have bee" adJusted, the standing wave on the outer conductor of the transrms- 
sio" line 1s reduced to a neglleble value Independent of the standIng wave on the 
lnnei- conductor. 'Ihe lura-shunting condenser, C, and the upper dipole telescoping 
sleeves are the" adjusted to obtain a rmrnrwm standug RX= ratlo on the inner conduc- 
tor This antenna system gave very good results, and the horu.ontal component of the 
electric fxld could be reduced to less than 1 pzrcent of the vertxal component !lhe 
array has the disadvantage of not being as easily rotated to ahgn the courses as the 
array Installed at tittsburgh In the design of thu array, a diagonal spacing of 
0 2 rmve-length ms used to provide sharper courses 2nd a small physxal slee (See 
f1g 59) 

lhe Induanapolis range, equppd mth thu ant.e"na, was flight checked to 
125 rnles and no multiple courses, or pushing or pulling effects, nere found on any 
of the 'OUT legs Flgnre 13 represents a" average set of curves plotted from data 
take" on this ra"ge with a rather high alrplane Ignition-noise level GuTes land 
2 show the effective loss of dxtance range lrhe" a counterpox? 1s used Cwe3 
may be drectly compared mth c-s 1 to show the improvement ~TI distance range niuch 
may be obtaIned mth a reduction of iwtlo", charging regulator, and generator 
noises. Tne data for c-e 3 l~ez-e obtaued 1" the same flight 8s the data for curve 
1, except that the en~ne nas throttled dorm considerably ~TL the case of curve 3. 

Tcrrvx-d the latter part of the yea-, the Clvll Aaronautlcs Admumstrat~on 
loaned tno 63-megacycle crystal-controllsd receivers to American Airlines and Trans- 
continental & Vestern Au‘, Inc These compan~s made "uumrous fl&t tests of tne 
Ind~~napolx and fit&burgh ratio ranges Tne tests made it posslbls for a large 
"umber of pilots to compare the ultra-h@-frequency range mth the standard low- 
frequency ranges Several typical aullne pIlots' comrrents we quoted below- 

n'Maxur,wn range of 90 miles at a tuxe when the low-frequency beacon nas 
practically useless keecause of heavy static ' 
'u"usually fine team ' 'Good tone ' 'No 'ands ' 'Gocd cone at 1,500 
feet ' 'No static mth hghtmng around ' 'H&ly satisfactory ' 
'No stiftlng or waving.'" 

An mterestmg coqarumn between the 254-kilocycle range and the 6%roegacycle 
range at Pittsburgh 1s shown in figure 14 Tne figure shows the data obtained from 
cross<ourse fhghts recorded over Sornsrset, Pa , a distance of 52 miles from 
Plttsbwgh, at a" altitude of 4,300 feet abave ground They clearly show the superlo=- 
Ity of the 63-megacycle over the 254-kilocycle range 

VSTS ON I25 MEGACYCLES, VERTICAL POLARIZATION 

Equpnent 

one type W transrutter as used on 63 megacycles also 'was used on 125 
rrrgacycles except that the xutrahzed driver stage wzs converted into a frequency 
doubler, the output of tich was sufflclent to fully excite the power ampllfler at 
125 megacycles (See i1g 3) 

In all fl&t tests at 125 me~cycles the au-craft i-ecelver shown in figure 
15 was used. Rls rece1ver3 1s a superheterodyne, using tuned coafial hne Input 

3P D McKeel, "A" Ultra-Higti-Frequency Aircraft Recaver," Civil Aeronautics 
ALthorlty Technical Development Report No 17, September 1938 



cucuts and e tunable coma1 hne radio-frequency oscillator of tigh stability The 
receiver has a tuning range of 60 to 170 megacycles Its stablhty 1s excellent after 
B warm-up perxd of approxxr0tely 1 minute. A block dugrau of this i-ecelver 19 show" 
III figure 16 

I" December 1937, the fu-et l254egacycle vertrally polarleed range wae set 
up et Indlanapolls aithl" 200 feet of the old 63m3gacycle statlo" llle transmitting 
antenna and interlock relays nere solar I" deslm to those used on 63 megacycles 
Considerable dlffxulty wee experienced I" obtaug a gocd field pattern a" the 
ground Flg,,i-e 18 1s B representative pattern draw" from the data taken et 125 mega- 
cycle 9 For coqrlson, the field pattern of the 63-megecycle range, figure 17, 1s 
reproduced from Techrucal Development Report No 3 4 A large percentage of horizontal 
component ~me observed on the ground mth the ald of a portable field meter, and It 
wee further noted that the posltlon of the course changed with the angle of the re- 
ce1ving ante"?* Fhght tests on all four courses revealed that all were practically 
unflyeble Muultrp1e coureee ??ere Ilulerous even at distances as close as 2 miles, and 
the attlttie of the airplane affected the received signal to e rmrked degree Often 
a 15O bank would change the sl@al from a" A to a" N, oi- vice werea. me antenna, 
being three vavelengths above ground, produced multiple cones-of-silence tich were 
later removed by means of a counterpoIse conslstux of a large area of 3/L-uch gal- 
vanued chIcken we mesh placed one-quarter wavelength below the center of the 
?l"te""Zl Tne rmltlple cou;reee were reduced somellllat by the addltio" of t\e counter- 
poise but ore St111 very pronounced 

Tne equpment aas then moved to a "elr locatlon about 1,000 feet away from the 
old range buldFng (the closest obstruction) and re-xected Rth the portable field 
detector a large proportion of horLaonta1 component was found Placing * metal screen 
over the transrmtter peatly reduced this component, although the transmtter itself 
was 1" a perforated aluranum cabinet 'Ike entire house (approximately 5 feet square 
by 7 feet tugh) was then screened and tl@tly closed The horizontal component l~ae 
reduced to less than 1 percent lhe ground pattern was somemhhat unproved over that 
taken 1" the old location. (See fig 19 ) No nnittiple coui-eee nxre observed I" 
flights up to 20 miles At 30 rmles, ci-oee-zouree fhghts shmd no less the" s1x 
closely sp3ced multiple coureee on the east leg Asswung that these multiple courses 
xwre caused by some dxtant reflecting obJect, calculations Indicated that such a" o?+ 
Ject should te approldmately 1,560 feet axay Figure 20 is a sketch made from aerial 
photographs in dnlch are shown the vap~oue obstructlone in the vlcunty of the antenna 
It should be noted that none of the obstructlone ‘~8re over 75 feet in height end all 
of them were below en angle of 17' mth the a"te"r~ 

In April 1938, tests were conducted on e 12%megacycle tari-course antenna 
system supplled through the courtesy of the Internat~onel Telephone Developnent 
Company, Inc., based on the same pruclples of operatlon as the Lore"?, beacon5 devel- 
oped I" @errany for use on 33 3legacycles A schematIc diagram of the International 
Telephone Development Company system 1s shown I" figure 21, and flgure 22 shore the 
complete 3nsta11at1on 'lhe central dipole was contxuouely fed from the transmtter 
while the left and right reflector elements were keyed "open" and "closed" by means 
of relare I,, the usual mterlocked A-N sequence The two-course range provided a 
greater degree of flexlblhty than the four-course I" that tie shape of the A-N pat- 
terns could be controlled and varled with ease, and cause sharpness could therefore 
be controlled Figures 23, 2L, and 25 are representative ground patterns which were 
tasted In each case the tipole elements were carefully tuned and the lines termi- 
nated A la-ge horxontal component was obserred on the ground until a "umber of 
radlo-frequency chokes were inserted I" the horxontal leads to the relays The 
pattern show" I" figure 23 produced very broad coursee, and man;- mxltlples were found 

4See reference 1, page 1 

5E Kramer and W Hahneman, "'IYe lJltraShorC4a~e Guide-Ray Beacon 
end Its Application," PTOC I R.E , Vol. 26, Januarf 19%. 



at distances greater than L$ rmles A slight improvement aas observed tier the sys- 
tem ms tuned to @ve the pattern shom~ III flwe 24 The Found pattern ln figure 
25 provided one broad course and one shnrr coxse. Slightly fewer multiples vere ob- 
served m f&W tests on the sharper course 

A c~oss<ourse record taken at X rmles, and obtaIned mth the transmittmg 
pattern of flgure 24, 1s shown in figure 2L The scalloping of the pattern 1s bad 
Tne actual sqyr,als heard in the headphones ?re marked on the recording 

In the fall of 1938 the four-course end the tno<ourse vertically polarned 
ante?nas were moved to Pittsburgh and successively tested at the nwr site 2 rmles 
south of the Allegheny County AIrport. me antennas wei-e erected onequarter inave 
above the 30-foot square counterpoise AS at Ind1xlapolis, lnllt.1ple courses Tel-e pre- 
sent ,nth hoth tms of ranges Scallopln~ of t?e A and the N patterns was quite 
severe h typIca cross-course fhght record 15 reproduced u-, figure 28 on ths re- 
cord, taken at 20 rmles and 2,600 feet aLwve the ground on the southwest leg of the 
range, wide mult@e courses and severe scalloping are seen A slrmlar record, which 
~rs taken at 30 rmles, 2,000 feet azo~c *Found, on the nortneast leg of the range, 1s 
shown 1q figure 28B 

On-course fl@ts either towxrd or away from the station revealed a signal 
flutter tilch ,,as tifferent 11, chzacter and more severe than the propeller nodulatlon 
foun: on 63 ~regac)-cles ml3 fluctuation of signals appeared to be * very low- 
frequency variation of low amplitude mth a h@er frequency snperuposed The effect 
,ms noted when the aircraft was being flown WBP nn.ntains Slmllar flutter Mzs olz- 
served XI the ncnuty of the Pittsburgh Airport An example of thx flutter 1s show, 
on the recordng, flyre 29A, taken during an on-zou~se fl,.ght from near Dentle~~llle, 
Pa., toward the statior at 3,000 feet abave ground. The flutter is more noticeable on 
passu,~ cover mountau,s and varies nth altitude, becon.Ting less nolent and higher in 
frequency at tie higher alt1t"des Tne effect 1s probably due to the random combina- 
tlon of the dxect vave and a reflected wave from the grouxl 

Another lnwrestmg enmple of sl:n;ll flutter due to reflections 1s shcnm I,, 
figure 298 Thu record wan obtaned at Indianapolx on 125 megacycles using vertl- 
cal polarwatlon At the turz the recorder vas opzated, the plane vms on the gro4 
about l-1/2 rmles from the transnitter 1, the M quadrant me ultsrloc~ relay uas 
bzng ke>ed by hand dunng the process o-" some adJustirx%,+,s An At-v pursuit plane 
a;lpeared, flymg about 700 feet above ground at a l-rmle radius around the ar,,,rt 
The oscillations recorded apDeared at Intervals dung the crcling of the plane 
Tms tp of flutter wuuld exist, of course, regardless of the type of polariaatlon 

The distance range of the Fittsburgh statIon aas in the neigbborhocd of 90 
miles at 2,000 feet above ground, and 115 ~nles at 3,000 feet above ground, consider- 
ably greater t+,an that obtalned over level terrain vnth the Jndianapolu station 
Tne fact that t?e transnttlng antenna was mounted on a pole one+ai-ter nave above. 
a screen counterpoise reduced the multiple cones-of-silence matenally (see fly. ZI), 
IF, spite of the fact twt the antenna was I2 feet or one and one-half wavelengths 
above ground 

T'ESTj ON 125 MEGACYCLES, HCRIZONTAL POIARIZATION, 
USING CRCESED-DIPOLE ANTENNAS 

Follo.nng the 125-~gacycle tests with vsrtlcilly polarized antennas, an array 
consuting of two horizontal crossed &poles was constructed for the purpose of test- 
ing horxontal polanzatlon. A scheratx diagram of the crossed4lpola antenna sqstem 
1s shown III figure 30 Fl,?lres 32 and 33 show the u,stdlatmn The U-ShaGed sectiors 
of transrmsslon lute and the feedIng transnisslon LXE are of standard 'I/B-inch 7O-,hm 
coma1 cable. With thlfi array the feedug line is automatxally termmated if the 
dipole resistance is approtimately 72 ohms 

Flwe 31 1~ a sauple ground pattern taken nth a portable field ,~ter at 
Indiana@18 Comparlsor betmer flgu-e 31 and flgue 19 shows a considerable ur+ 
provement ~TL the field pattern of the hornontal crossed dipoles over the vertxal 



a,k,na at the sa.xe site. Fk.@t tests also u,dlcated less scalloping of the field in 
tie case of the horizontal anten% A very large percent3ge of vertically polarxed 
compownt of the field lras observed-on the grouna, and a s-nail tilt of the rece1vlng 
antenna from the horu,ontal completely displaced the course or changed the received 
slgml fro,c one quadrant to the other This 1s to be expxted, since the electrx 
field fron a horleontal dipole contau~ a consIderable proportIon of vertical component 

mth a vertical rece1v~ng antenx, an 11 signal was heard at all points on a 
loo-foot radius except whey t\e recelv~ng antenna ms L? line mth either of the crossed 
dipoles At thsse pomts an onsou~se signal was heard At the same radius, lo0 off 
the true course, tlltlng the recellxrg antenna cloc!w~e from the horleontnl gave a 
strong A signal and tlltxng the Z.II+LWJ?-+ lo0 counter-cloc'ase from the horizontal gave 
i strong N Slgna.1 The mutual coupling betrreen the crossed dipoles and the standIng 
mve rat10 on the transmsslon lug outer conductors rere ,,egllgLble me receiving 
;Ftenna used during the fhght tests was a 15-Inch horizontal loop mounted 9 uxnes 
below the fuselage Of NC-80 It IS Illustrated in fIgwe 34. Tunng of the loop was 
accorcphshed by adJust1ng tqe posltlon of the horizontal bar across tne loop A 
double coanal feeder lu,e provided couplu,g to a balvlclng unit, shown in the dugram, 
from wiuch a single coaual lxe was connected to tie receiver lhe balancmg urnt 1s 
adJusted by shunting tne loop end of the double coarlal lx,8 (mth the loop dlsconnec- 
ted) and feedIng the tvo coar~al tines m parallel from a signal generator Zondenser 
C, is then tuned to a null, after which the loop 1s reconnected to the Lx,es 

Extended flight tests n~i-e made 01 the horxzontal antenna up to about i5 ules 
and altitudes up to 5,500 feet above ground A large mmber of c~oss-course flights 
-were xxde on all four legs of the range On some of the legs multiple courses were 
observed, although the overall SCdlOFlTLg of the N and A signals and the multiple 
course phenonena were considerably less than those observed mth vertxal &arlzatlon 
on the sane frequei.cJ 'he COUTS~S okzrved, both aurally and by mans of the recor- 
der, iyei-e, ori the averse, narrcw~r than the 3" IOU-ses of the vertxallj polarlaed 
rarge A tabulation of a nurntxx of flights on the Indlanapolls crossed-dipole range 
1s given ul flgure 35 

Figures 36A md %l! are records derlvsd from cross<aurse fllgnts take? on 
the north leg at 30 moles and 3,500 feet above ground, and 36 rmles and 3,400 feet 
above ground, respectively It 1s seen from these records t?at the multiples i~ere 
sllght, often appziearug as a su,gle false s~~~alah~ch could be detect.4 only by 
aural methods Dz--?g the course of the fkght tests It was further observed twt 
when the aL-Fkne was maarg a turn a few degi-ezs off-course, the received signal 
would charge from an A to on-zourse to an N Rereafter It was the nractlce to fly 
about loo off-course, execute a flat 360' txn, and obserae this "cuclr,g effect n 
T%ls 1s a more crltlcal rethod of abservlng "pushing" or "pulllnj," RtLlch ai-e ac- 
tually the same pnenomenon Glrcllng effect was almost universally observed 7nth 
the Crossed-d~pole antenna 

Wxthln a radius of 5 or 6 rmles of the statIon it was ~mposslble to fly an 
accura+e colr5e If a &QTO course was held accuratel> fron a distance 01 10 rmles, 
as the ?lgh-argle lobss of the vertlcel redlatlon patterns ore crossed, the COVT‘SB 
appeared to shift fro',, its norxul posItIon 'o one side or tr,e otxr 

Tqure 37 19 a core-of-;yl?nce rpcord t&en enen the interlock relay was 
lacked 0.1 onp side Tne aqten,-l 1'1 this case was one aqd one-half wavelengths a'ze,e 
~romd and one-he3 wa\'e ati've tLc 30-foot-square galvanized iron screen counter- 
p_se lhe altltuae a; the plare ,izs 2,700 'eet above grouno an3 tre air sped 110 
mles per how 

Tuther ex;erux-ts ,ntn ihe crxsed-dlpole ;rrzy 7-i-e cord~cted at 
Plt+sttr& As ln tw! czse CL tl2 vcrtlcal antennas, the crosse(r dl->oles wei- 
erectei a~o'e a ccunterpoxe (a,-half nsl>r LII this crse) The fll,ht tests a&al? 
shonw conslJerarl> fever nul+1,7lc course ~hen"r~er,a and less sc~l;oprg of the A 
end II pattervs 
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The distance range, as 1" the case of -er!lcal polaruat~o7, ,*vs TL~ 
greater a? Plttsbugh than at Indxnapol-s ari in about t"e same ratlo 's 1x1 the 
case of the vertical polaruat1on, v,ole"t ~lxtwtlons oi signal wwi-e ozersed dwx,g 
fl1gJ"ts over ToLntalns, as Illustrated mn recorulng A of flewe 39 Ttns recorhng 
was taken I" the .rlclnlty of 'Chestnut R&e Jzu~g 2" on--course :11g7t zt 12: Lnles 
per hour, 2,SOO ieet above gi-"LTd, fro1 :Ltt-owgh to Somerset, Pa ‘47otrer cx?.m~le 
Of flutte: -5 give" 1p f1W.z 395. TLs reccrd 'nas take" 1" a fL,$t tcwtrc Somerset 
a?d over the steel rulls of PlttsbwgLl at 120 rvles or hour, 2,800 feet ~30~ ground 
~Cucll~g efiect 71as dlso ooserred 1" pract-c?ll> all tests ThLS 1s I-lustreted I" 
the reco-ilng of f-gnre 38 take" "ear &if&ale, Pa , approximately 20° off-course In 
the N qadrant, vh,le the ax"?lane was fluIn, 1" a short-radius flat cuzle The l-e- 
cord s'lows reversal oq signal 

A and B of flgurs ip are cone-of-slle-ce records take" vnth t'-,c ~-~ucr~orri 
relq locked on one side Tne recordlqg of fqure 4OA ias take- at j,jOg feet above 
ground, 120 mles per hour, tra?snattln; a-terna one and one-half wavelengths a'?@~ 
gi-ourd, and the zounterpoise ore-half rmvelen$h be;ow the <vten"a lhs flgxe also 
shows flutter of sq"al as the plane passed over the Alle&,e"y Coun'y a,,,,t The 
recording of figure 4OB vas talken with We co~~~erooxe re-noaed These records show 
the uqx-overent I" the core-of-silence when ? counterpoIse 1s used 

Wmn,rr September 1938, the D5ir,egacycle cr@ssed-Lpole antenna s;ste~ 1,~s 
mounted on the top of a l25-foot steel tower at the Solver %ll Eqer>;ne-tal Statlo" 
near Washu&on, D.C Flights were m-de on tr,e south apd west legs lilth cross-course 
checks at India" Head and Herndon, Ve , respectlvelg Both courses were found to te 
very poor In general, they %re characterized by flutter ana roqhhness, z-otibly 
due to wave Interference, and were suhJect :o rapid and violent changes 17 lrtewlty 
Tile west course I" the vlclnlty of Herndon vas particularly poor, xx-g co?lprlsed 
of several multiples extending over a sector approxuately 9O rmde Another ste61 
tower located 400 feet from the antenna proba'~l>- v~as the cause of the severe split- 
tmg of the course Flgore 41 1s a record der;red Ii-o" an actual flq'lt recording 
taken of one of the test fllg?ts over Hern*ic~ at 2,300 feet above ground me scal- 
lopIng of the A and M patterns 1s see" to hre bee? ver> severe During flqhts 
mthln one-half rmle of the Arhngton tourers which #xi-e L" lu%e $nth the Herndon 
copse, mde fluctuations of signal were ooserved, ;nJxatlng strop R-G Interfer- 
ence due to reflections Rashu,g effect e7d CL-cling effect were very se\ere 'I& 
south course TSS coqxrat1vely free from muitlples but had a serious beqd ahoat 5 
,r~les south of the Experu,ental Statlo" In other respects this course was "o better 
than the west course 

On-course signals were observed to change to A, to o"--coul‘se, to 'T:, etc , 
vl,en a steady gyro course was held which ccl,clded .nth the rad~~o range hearing 
All attempts to fly a course "xxi- the stat1"" fleer= vnsuccessful This Ilir"' be as- 
crIbed partally to t'le fact tlat "ulcerous ~o~,es~o:-smlence "ei-e presen', s~.,ce the 
antenna 7,~s 16 wavelq$hs above ,;~ou"r. Th'cSe rdtl@e cones-Of-SiIW"ce Were re- 
corded and are shorm 1" flgwe 42A 

In October 1936, a 30-foot-square COl"tery;O~S~ or 3/4-Inch @van1zel ,nre 
mesh IVXS installed 01 the tover ore-hel: wawlength iRl@~ the crossed-ii~pole antenna 
There was a considerable reduction ~TI tie aultlple courses on the wst leg 2 @m-Se 
dlscoqtlnulty >ms still noticeable close to the statlon PushI-g md cu-cling ef- 
fects vase also vnchenged The cone-of-silence, however, was unproved conslderahlj-, 
as shorn in fIgwe 42s A vlev of the 125-foot towr and counter"o~se 1s shov" 1" 
f1gwe 43 

DISCTJS~ION 

Multiple Courses 

(a) Effect of 'Course Sharp- 

Yost of the experiments on 63 and 125 megacycles Jtll1z;e: the four<ourse 
ra&o range, the theoretxal horizontal space pattern of whxh f,mdame?tallJ- com- 
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pi-lses tvo crossed fIgwe-of-zlqht patterns as shown I" figure w, The cowse ShaTD- 
ness may arhltrarlly ix defined as-the ratlo of 'T//4 (x-1 strength) or Its reclpro- 
cal at a point 1' irom the lntersectlon of the two patterns In the practxal case, 
however, the flgur-of-eight patterns are somediat scalloped Instead of berg smooth, 
bzcause or refkctlons from obstl-Llct~o"s Flgm-e 45A 1s a small sector of a rzdlo 
range ratter" sho:T"g the on-course rcg~o" Occasionally the scalloping 1s severe 
enough to prodace two or TOE oi-ass-avers ln the on-3oupse redlo" as &arm, resulting 
1" spurious "I- multiple courses At lor frequencies, the scallopmg IS due to reflec- 
tlons from large oh~ects (co,Lparable rlth the -welength) such as nountaas At 
Lltra-high Ireqzncles, reflect-ons from srwll nearby ohJects rmll cause scalloping 
of the patterns It 1s an ;n+.erference phenozenon ktween t'x direct wave and the re- 
flected nmves If the A and N patterns are then clanged to Intersect on~ovp~e at a 
nore acute angle, the ratlo of IJ/A at lo from the ,ntersectlon wL1 ke mater and 
t-,e course sharpness vixll cc I-creased, as shwm I,, fl,we 45B 

It 1s enoent that the meata the course sharpness, the fewer are tie ci-ass- 
o~ers, and there 1s a conseqLe-,t .let reductlor, 1m multiple courses It 1s readily 
see" that since the field strength at any pint 1s tx vector SILT of all the s1,m.d 
cornparents rece,ved at thlt point, "5 ~r.crease ln the ratlo of on+ourse/off<ourse 
field streygth ml1 reduce t,e ?uount of scalloping, and hence the number and wtenslty 
of ,rultlple CowSes TE tests on tne tvo-zolrse range )ath several deie,Pees of sharp- 
ness did lndxate home s~pro\eme"t Kth the sharper courses -ahe two~ourse range 
permts neater fle=blLtg 1" s',ap~"g the fxld 7at+xms, 2nd u, spclal instances 
these patterns ray be ?a-pose13 soaped to reduce the field strength tamrd reflecting 
olqects If the range 1s to prov-dc a useful ad to au- ?avl@1on, there u, however, 
a IurAt to tne amount of redxtlon of the off-zoui-se radiaLon tilch can be 'alerated 
'he subject of practxa: radio range p;tterns nil he dxxusseri -n more detal laker 
I" the report 

(h) Effect of Frequzy 

In flyre 4tA IS Illustrated ihe saw ,yneral scalloping of tw 4 2nd 6 pat- 
terns as in flwe 45A If t'le frequency IS halved, for oxample, the xterference 
phenonenon 1s decreased and less scalloping results 3o~seque"tly, as s'lown 1n f1,rmre 
46R,tilere ~11 be fewer crOSS-o~ers a"c fewer multiple copses m1s fact 1rYl1cates 
that the "umber of r;ultlple causes 1s lpt to decrease almost proportlonatel:, inth a 
decrease I* freque"cj- and partlall> explains l\kJr, at S. glue" locatlo- u~Ser Ident-Cal 
condltlons, the t3-megac,~le rznge bar' PLTOS+. 1mperceptlble rrult;ples oi- none at all, 
nhereas We 125~mnegacycle range had conslderlbly nor‘e Fqqm 46 demonstrates tie 
effect of a change of freqaenc;, and there ?a~ bee" -0 atlcmpt to STOW the results of 
a,>' changes u, tpe a;lFlltJde of the scallopl",: 

;t has alre-idy lice-. shop" that it is posslblc to reduce %lt@es 'y control- 
lu,g ratiatlon I" t'le d:rectlon of reflectu-,g oh-ects, :nc later in this riport It 1s 
show concl~s_vel:, t',a+ It 1s possl?le to prodaze a 125-re~acjcl? rang? thet 1s equal 
01‘ superior to tre 43egacyc;e rmge rlxady descrlxi 'Ihs range mi m;de possible 
by the rapldl> aavanciw art of co'kolllng ratiatlon at these frea-Uncles 

(c) Sends in Cousec 

In sow ultra-hgh'req?xncy ran&e r,stallatlo?s rot covered by ths report, 
course hews have keen observed These bends are bellwed to Se horderllnc cakes of 
mlt~ples *e-e the scalloplrg of the pattern chan;es at uxreasl"& dxtancss frorc 
the statlo". Pe scalloping 1s usuallj- cause3 by reflections 1~07 h~~ld~ngs, C~CS, 
trees, -ml rugged terraul Bends have not beer encodntered at Pltts'xrg? or 
Ind~ananol~s at angles of elewtlon below approxlmtely ZOO on clther 63 or 125 ~"e&'a- 
cycles Lowever, txnds are very severe on the Pittsburgh lox-freqwncj- range 
Experw-ce lndxates that be"ds ln lam-freqEency relges sre cal;ed hy condltlons 
over tileI the eng-lneer has no control Cr, the other ha"6, the enpr,eer can control 
the factors which cause be-ds on ultra-h-gh frequencies 
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Polarlzatlo" 

Perhaps the most slyfxant fact brought about 1" the previously described 
tests on both 63 and 125 msgacycles -s the necessity for a ra&o ra?ge anterna syste-o 
provld~ng a constant polarleatlo" of t',e electrx field at all pants 1" space, that 
IS, one I" tixh the polarlzatlo" for tx A pattern 1s the same as that for the N 
pattern For purposes of 1llustrat1o", let us assume that the vectors A and N show,, 
I" f1-e 47A represent the fxld stren&h and polarlzat~on for the A and N patterns 
of a radx range The" a vertical ZhFOk A, the pos1tlo" rmdmy between these vec- 
tors ml1 I‘ecelve equal A and N sisals or a" o"--coui-se If the tiwle 1s tIlted to 
one side, as shown I" figure 478, the h slgnnal ml1 predormnate over the : mth a" 
offxourse u,dlcation as a result Slrmlarly, If the dipole 1s situated a few degrees 
offxowse and 1s polarxed at an angle fron the vertxal, as shown I" figure 47:, the 
vector combl"atlon of the A and N fields ml1 produce an on-zourse slpnal Such a 
condltlon often etidsts ,mth ultra-high-frequency arcraft antennas where a vertical 
quarter-wave ante"?a nray receive canslderable horleontal component of the transnitted 
signal because of pick-up on the alrcraft structure Itself llns condltlon produces 
the so-called pushu,g or pulhng or Cli-cllng effects already described me -netal 
fra=, control ~lres, rnstnunent tubing, etc , on small au-craft can hardly be e-c- 
ted to act as a "ground" for the ultra-high-frequency antenna 0" large zll-ZBtal 
transwrts, the extended -netal mng and fuselage surfaces are more apt to pi-onde a 
reaso"ably good "ground II Although no opportunty was had to rake defmnlte IIEBSUT- 
ments on large axcraft, tests o" 63 megacycles 1" several Douglas DC-2 and ~-3 
transport planes showed that no pushing or cu-cling effect xas present, and tx re- 
celvlng a"+&- patterns wzre appare"tFy more untiorm than those obtau,ed on the 
Clvll Aeronautxs Adrxunstratlo" Stlnso" NC-90. Moreover, none of the aulme pilots 
who tested the FYttsburgh and Indu"apolls 63-roegacycle ranges have reported any 
puahlng oi- cxclug effect 

It 1s obvious that the reqwrement for constant polarlzatran affects both the 
transrmttlng and t-ie recelvlng antennas, but If either one can be made to prcduce or 
respond to onb~ one polarlzatLon, no dlffxultxs ~~11 be encountered The trans- 
rmttu,g antenna system 1s under full control of the deslgnx,g e"@neer and hence 1s 
the proper place ta control the polarleatlon On the other hand, the axcraft re- 
celvvlng antenna 1s not under full control, and each arcraft, even among axplanes 
of the same general type, 1s apt to have mdely different characterlstlcs 

As the expxlmznts on 63 and 125 megacycles vmth vertuzal polarization pro- 
ceeded, every effort aas xw.de to reduce the amount of horizontal component BS 
measured on the ground I" the vLcl"lty of the statlo" With reaso"able care, spurious 
radlatlonw from the transmission Lnes oi- fron the transmtter Itself can be supnressei 
In the cake of the expsrurents using the horlaontal crossed dipoles, pushing and 
cx-cli"g effects mre always encountered, and a large percentage of vertical componeqt 
was always present 1" ground tests me reason for thx condltlon 1s that the crossed- 
dipole antenna does not radiate pure horleontally polarlzed vaves 1" all dIrectIons 

f+o pure horx.o"t.ally polarized antenna had bee" developed by the end of 19% 
Tests mth the horizontal crossed&pole antenna on 125 roegacycles revealed femr 
rultlple course8 than those with vertical polar1zatlon, and slightly more multiple 
courses than those mth vertical polarization on 63 megac-fcles. me pushug and 
crrcllng effect and reversal of quadrant agnals 1" turmng 2nd banlung inanewers 
made the horizontal crossedA1pole antenna 1"ferlor for navrgatlonal purposes A 
"wober of test flr$,ts on 63-megacycle horuontal crossed-dipole antennas at 
Indxmapol~ cc&u-wd these conclusions 

he other pant regarding the relative rrierlts of horizontal versus vertical 
polarlzatlon 1s noteworthy horizontally polarized vaves are reflected more effluent- 
ly from the ground than are vertically polarized waves,6 except at very low wles 

6Bertram ~revor and P S carter, "Notes on the Pi-opagatlon of waves EHOW 
Ten l&eta-s 1" Length," Proc I R E , Vol. 21, March 1933 



when both are reflected nearly perfectly Q'ertlcally polarized waves may be consider- 
ed as kang hcrlaontally polaru,ed mth respect to vsrtacal obJects such as trees and 
vertical walls of buldlngs Hence, the so-called vertxally polarlaed waves are sut- 
Ject to severe reflections from the objects often ercauntered "ear radio rang? lnstal- 
latlons . This fact aas stifxxntly demonstrated I" the 125~mgacycle tests where the 
ground patterns were freu from scalloping in the case of horizontal polarlzatacn On 
the other hand, It 1s to be expected that trouble mx~ a-168 in the case of horrzontal- 
ly polarized systems &cause of the presence of horrzontal telephone and telegraph 
mres m the close vlcuaty of the antenna 

R-cm the data obtaIned I" the expxullents described to date and other tests on 
a visual trpe radio range,7 It 1s quite defuntely lndxatad that horizontal polar~za- 
tion aould be supenor to vertical polarization pronded purely polarized ~2~s could 
be obtained Xearly all of the cbjectlonable features of a hcrleont.ally polarlsed 
range derived from the large vertical component prese"t I" the ratiatlon from the 
crossed horlzontzl dipole array aould be automatxally elirmnated provided this ccm- 
ponent could be eknated It was this !aoaledge that led to the development of the 
purely polarized horizontal loop antenna referred to later in thu report 

In all tests on lZ5 nrzgacycles at Pittsburgh mth both horizontally and vertl- 
tally polarized arrays, a distiblJlg signal flutter or superimposed ion-frequency mod- 
ulation was observed. 'I?us IS due to rapid varu.t~cns 1" the amphtude of the receired 
sip1 caused by continually chan@ng reflections from rugged terran The flutter 
was most severe zt lcw altitudes Bnd dua"ls?ed mth lncreaslng altitudes, althou& It 
m8 encountered higher than 4,000 feet above ground tis phenor;leno" was barely 
notxeable at a dxtance or 63 megacycles, ncvever, It was severe in the unmed1ate 
viclnlty of the range Altuough I+. 18 very duturblng ln the headphones on au-al re- 
ception, lt 1s klieved that Its effects can te greatly dunnshed I" a double- 
modulatvan visual ratio range system where autouatlc gam control can ke used to 
advantam. 

Propeller modulation was encountered only on 63 megacycles where the size of 
the airplane propeller 1s compvable to one-half wavelength. Howwwr, this effect may 
be rmmnuzed by proper locatun of the receinng antenna In one of the arlu,e tests 
on a Douglas DC-3 the propeller mcdulatlon was barely notxeable, and ncne of the a==- 
Lne pllots meptlaned It 

ooui-se Dlsco~ti"u1ty 

Durmg the Indianapolls tests mth horrzontal polarization on 125 Egacycles, 
It vas observed that it was almost unpcsslble to fly a range course rothln a radius 
of about 6 rmles from the station me dlff1cult2 was at first attributed to bends 
1" the Courses Later, the sax trouble vxs notea at Pittsburgh, and agarn at 
washmc~o", D : Further fhght tests, mth constant g%o headings, established the 
fact that as successive kgh-angle radlatlon lobes wwe crossed, tne rvlge course 
suddenly beca~ discontinuous The course ~3s obsei-vd to shift to the left and then 
to t?e right, etc , lndlcatlng t?at the cn~curse ci-osscwers of successlYe k@- 
angle lobes mere not I" atignment The effect was notad also 1" the case of vertical 
pclarz.atlon, but to a much smaller degree At Wastington, D C , nhere the antenna 
was 16 wavelengths above grcun3, the d~scontmult~es *i-e so irregular that the 
cowsws could not % flown mth17 a radius of several rmles of the skatlon. Disc”“- 
tlnultles of course wzre still present at Plttsbugh and Washugtan when counter- 
pases wwe used, even though Che 1c1naxnms ketiReen the highangle lakes were pushed 
out to 60 or 80 percert of t-,e xntenslt, of the lobes From these results, It 19 
apparent that tnx effect 15 serious enough to preclude the poss1blkt.r of using very 
high antenn;i structllres. 

?J M lee and i: J Jackson, ntieluanary Investi@tlon of the Effects of 
Wave Folerlzation ar,d Site Deterranatlon mth the Dcrtable UltrsGi‘lgh-Frequency Visual 
Radla %"ge," Clvvll Aeronautics Authority Tschnxal Developre?t ReFort No 74, 
February 1940 



Under average rm~se condltlons, 1" a" au-plane equpped mith the usual shlel- 
ded plugs and hai-"sss, the distance range of the 63-megacycie 100-imtt trarsatter vas 
/,C to 50 3ules at 1,000 feet, tier the trarsmttlng array was lb feet hl:h and one- 
quarter wavelength above a counterpoise, 1" flat country such as t'le vxlnlty of 
Indla"apolJs In mountainous terra", such as at Pittsburgh, mtb the antenna 12 feet 
high, one+quarter wavs1e"gt.h above a co=lterpa~e, the distance range was 60 to 65 
miles at 1,000 feet above ground his ~ncreaae in distance ran@ was no doubt lue to 
an ~"crease I" line4f-slght condltlons caused by the downward slonlng of the terrar~ 
may from the statlo". Distance range results on 125 megacycles at the twc sites mere 
ldentlcel to those obtamed on 63 megacycles Slrmlarly, no appreciable d;fference I" 
tistance range ms observed between twrlzontally and vertically polarized antenras at 
ather ate 

k~,es 1 and 2 of figure 13 show t-,at the counterpoise decreases the useful 
distance range to about 63 percent of the distance obtained mthout a counterpo~e 

C-e 3 of f~gui-e 13 lnticates that a 90 percent uuprovenent 1" distance range 
my be obtaIned su@y by reducing the "else pick-up In the case of curve 3, the 
engL"e was throttled damn to about 1,700 revalut1ons per muute me regulator on the 
bxtteryxharglng generator was responsible for ths na~or "else received 1" this test 
I" geaneral, lt 1s believed that for ultrahIgh-frequent> work, boti? ,rlm;ii-~s and 
secodar~es of ig"ltlo" slstex? vnll requue -,ore thorough shx?ldi"g than 1s orti"x_ly 
necesazy at lnil frequencies. 

Atmospherics 

The vast mqprovemnt ,;hlch the ultra-hxh frequencxs offer over the low 
freqzencles I" the reduction of atmospheric static has already bee" reported,@ and 
this fact has bee" substantlatad fron time to tu,E durlnz the progress of these tests 

A hrmted amount of 1nformatao" has been galned to date relative to the ef- 
fects of preclpltation statx, and xost of the exper~nce obtaIned 11 this tirectlon 
was from anlme pilots' observations during the test prlods on the 63-n~gacycle 
range installed at Plttsbugh and Indlenapol~s Among pIlots' reports a-e the fol- 
lomng comments~ 

nlLlttle static on FIF, considerable on low frequency ' "Little rain 
stat10 Very heavy statx on 10~~ freqercy ' 'Uei-y little atmospneric 
static-none close to statlo" 25 TIlles out ' lUo static vlth hghtru"g 
around."' 

uphere Reflections 

The tre?endous advantages offered by tie ultra-n@ frequencxs I" au~z~el"g 
reflections from the Ionosphere -nake these frequencies particularly adaptable for 
rad10 range services Considerable lnformatlo" has been obtalned a"3 data %ue been 
publIshed u, vai-10~8 ;nagazl"es and journals mth regzd to sporadx long tistance 
conmmicatmn on POKE of the ultrai?lgh frequencies , partxularl) by i-aalo atuteurs 
in tne frequency bands 56 to S ~~acycles In thx respct It appears that some 
u,terferencc due to Hearelde lzyer reflectIons m@nt tr e-rlenced u, a radio range 
system I,, the &- tc 66inegacycle h;nd but would be highly wrobable 1~ the 11% to 
12Gmegacycle band 

6 Sea reference 1 on page 1 and reference 5 on puge 5 



number of antenna patterns are shown in fl,wes &!3, L9, and 51 to 55, inclusive. All 
of these patterns mere obtiu,ed bJ recordr,g tie a-al strength while the airplane 
was malang a 360' t,rn III the ,mddle of a quadrant, sweral rmles from the transont- 
tlng stztlon, mth the transrmtter operatmg key-locked Signal levsl 1s plotted UT 
decibels up and down about an arbitrary zero level so that all patterns are comparable 
and show the resultug aural varlatun of slanal at all azirrmth angles lhe an-plane 
diagram u, the center of the patterns gives Its true bearing to-d t'le statlo", that 
m, duectly up on the rage 1s "+ail-to" statron, du-ectly duwn the page 1s "nose-to" 
station, etc In each case twc flight records v~re made, one u, the cloctise duet- 
tion (sohd thu, curve), and one I" the counter-zlockrase dlrectlon (dottad CUTVO), 
aash taken wLth a 10' bank 'he solid heavy cxrve represents the average of the clock 
mse and counter-cloc%xse curves, as would be observed m a flat tur? In either 
dlrect1on 

Figure 46 represents the characterlstlc obtained on a one+uarter wavelength 
*p antenna at 63 megxycles. lhe antenna was mounted above the fuselage of Stlnson 
NC-80 Just back of the pllot's seat, as shown III fwxe 34 l'qe low potentul end of 
the tuning system vas connected to the mztal tubmg of the ax-plane structure A 
horizontal V antenna, norlrally used for plane-to-ground comcurncatux on 3,105 Iclo- 
cycles, lras installed from Wang tips to rudder post, but the lead-w. uas not connected 
tc the transrutter me pattern 1s seen to vary a, average of ahout S decibels but 
has a deep dip forward of the left Wang 1" clockwise rotation whxh disappears on 
circling count.er-clochsc In a clockmse turn, the left rung 1s Hugh and tetween 
the antenna and stztlon 'Eus wxng contaxed the long au- speed pltot tub?. In the 
counter<locke~se rotation the left Wang 1s down, and there 1s no obstruction between 
the antenna and the statlo". 

In figure 49 all of the above condltlons are the SIDE except that the h@- 
frequency V antenna ,,as entxely removed 73~ clockmse pattern 1s considerably 
worse than before, altnou& the counter-clockw~e and arerage curves are httle 
changed Apparently the V antenna, although Hfloatu,g," provided greater wuforrnty 
of "gound" beneath the whip antenna 

Figure 50 amply illustrates tile effect of the axplane structure on the 
tuung of the antenna Ths recordmg was t&en durug an on--course fl;ght at 
Pittsburgh m ar~rplane NC&O. 'IYE 63-megacycle vertxally polarized range w-as m 
operation and the recelwg antenna was the one-quarter wavelength vertxal whip 
shoun ITI figure 34 he plane was equpped pmth a mzdium high frequency reel antenna 
lmlch vas fully reeled out when the recorder was started 'Ibe recording shows su- 
cess~~c resonances in the tung as the high-frequency antenna ms 'zing reeled III 

Fqwe 51 shows the character1stl.z of the snrne antenna taken at another tue 
Tne high-frequency transrnttmg antenna 'RBS of the ti-allug - type ard the mre 
ma5 reeled out to a pout between the resonance peal,s shown ITI figure 50 A X-Inch 
copper foil counterpoise was installed underneath the fabrx III the roof of the plane 
beluw the whip antenna Ihe sa,~ general trend 111 the cloclcrue and counter- 
clockwise curves 1s noted as in f>,wes 48 and 49, but for some reasons the null ~TI 
the clockrr~se pattern nas deeFer in these measure!rents nle lreasurements mre re- 
peated mth tie trallu,g FLIT reeled out to conform Tnth a resonance peak (fig SO), 
ad the resulting curves of th15 test are shown In figure 52 The tra11lng 3Tu.e 
had very tittle effect 07, the contoxrs, although sl@,t improvement IS seen imth the 
tradmg wire tuned. 

F~-me 5: shows the characterlstx of the one-,a.alf Ravelength antenna tich 
is sholm Just forward of the rudcer post II" flwe 3, Although the characterlstx 
of tbs antenna 1s reasonably soad and mthout deep nulls m any dusctLon, this 
antenna gave bad propeller modulation, hanng been locatad abolt one waveleneh OB- 
hmd the propeller. 

In flglre 54 1s giver the cha-acterlstx cf a 125-~egncycle nlllp antenna 
located in the posltion shomx I,, flwe 14 ltns characterlstlc TXS very uuf'orm 
over the tall and about 60° to elthar side of the tal and, in gxneral, was not 
affected greatly by the banlang of the plane 



The above rerreseMat1rc oases show tat 1t 1s diffuxlt to Dredlct t\-e an- 
tenna chn-acter~st~c pattern lrhlch ray be e-cted of any given typs axplane on all 
cccas~ons, however, the shleldug effect of l~ln~ and landmg gear structures 7ms ap- 
parent men these structwes &cam ~nterpose<l betmen the tiansrmttln~ stat-ens and 
the recelolng antwx-.a, and was very marked 17 the case of the Douglas arl1ners 
,lthough thu effect rm&t be ccnsxlered detruzntal during or1entatlon maqe~vers, It 
AS conceivable that the i-everse may be true It may provLde an lndlcatlon of tie 
du-ectlon of the station from the aircraft 

TEST3 ON 125 MEGACYCLES USING PURE HORIZONTA=LY 
wL4RIzm LOOP ANTENNAS 

Follcw~ng the previously described tests, and as a result of the developent 
of a pure hcrlzontally p~ldri~ed Ultra-hlgm-frequency 100p aten~-9, 1n CO~nectlcn 
mth the Clvd Aeronautics Atirmlstratmn i-ad10 lnstrwnent lan‘hng sj-stem,~O seater 
impetus was reselved 111 furthering the radio range develowznt on 125 msgac>-cles l~lth 
horizontal polaraatlol It was apparent that Ir i-ad-o ranges could be developd ~TI 
the 125inegacycle band, a single-band ultra&@-irequency receiver r,@t be used for 
ranges, mstrument landm~ locahzers, and alrpcrt traffic control, thereby sun@- 
f3Tng and redwxpg the oost and ae@t of the arcraft uwtallatlon In new of these 
facts, several ercpermntal 1nstdlat1ons were set up at Ind1anapolx using var1cus 
cornblnatlons of pure hcrlzontally polarized loop radlatars mounted on a counter- 
po1sP structure 30 feet high. 

An Important part of the development of a ratio range 1s the design of the 
antenna system %en the sac of the radlatlng elene?ts is small, wmpared to a xv?- 
lengt,, relatively close spacings say ix used and satisfactory field patterns pro- 
dlxed me perfect crossed flgurs-of-elght pattern cox%stlng of four circles (se? 
fog l+i,) 1s the optmm shape that can te obtaIned when only two paxs of elements 
are used to croiiuce a four-ocwse range The cu-~1~s are approached only when the 
spacFng of the elemnts 1s small compared to a ?welength me loop type antennas 
tixh have Seen develo~d to radiate Pure horizontally polarized -naves have d=nslcns 
tich are ar ap?reclable portIon of a uavelen&h The physlcal size of the loop 
radiators precludes a syste;n u, wiuch the elements are spaced less than 'JO electrical 
degrws Electrxally It 1s dlfflcult to use spacings smaller than 130' because of 
ccmpllcat~ons brought about by couphng betmen the elements In order to use this 
type of radlatcr to praiuce a four-course range, It was found desirable to depart from 
the conventional iour-elernent antenna s&w% and the essentially circular patterns 
mtuch it produces 

AF, arkma system of five loops can bs set up to radlate 8 \nde variety of 
field patta-ns me shape of the field patterns 15 controlled by adJ#lstment of the 
independent varmbles 01 tne array, na~ly, apacing of elemnts, current.9 III the 
elements, and phase relationships of the var~cus currents It 1s obvious that there 
ai-e naw possible combu,atlons of adJxstnent xnd that ao~ conb~natlons are not 

9hlrew Alford and A. G. Kandolzn, "Ultra-tigh-Frequency Loop Antennas," 
'ha-x A I E E , January 1940 

1OW E Jackson, A Alford, P F Byrne and H. 3 Flscher, "Ihe Developoent 
of the Cl-al Aeronautics Authority Instrument la,&ng System at Indianapolls," 
n-an5 AIEE, December 1939. 
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applicable to the four-zcurse range +$s nr_th the four-element antenna, the course re- 
sults frorr alterrately radlate3 overlzpc~ng field pattern; A ran- mth reciprocal 
COUISCS at r&t angles prrmis a symetncal placement of radutors and an econcrmcal 
and practxal method of feting them 

Ir the pasent state of the art, course a&nment other than the above requues 
consIderably more complex feealng nctrmrLz Such sjstems are "xyond the S-OF of this 
dlscusslo., Let us conader a cozfA&ratlo? of five raclators 1" Nhlch four are loca- 
ted In the corners of a sq~re mth the fifth L? the center. Ihe centrally located 
radiator 1s to IE fed contlnucusij mth cowtat current and ml1 be considered the 
reference pant vmth resrezt to phase relatlo?slup of tx other elemcxts Diagonally 
cppslte elaents may be interlock keled Figure 56 1s a dmgram of such zn arrange- 
ment Ths advantages Falned by the use of flvc radiators are (1) pos31a1l3ty of 
mde spacings sutable for relatively large loop tm elements, (2) uxreased CCUSB 
sharpness, and (3) increased percentage of slfllal in the cn-co~~sa repon 

Th? field pattterns of elements spaced more th%T 180 electrical degrees ue 
apt to have secoxlary lobes, 2?d careful consideration ~~1st % glvzn to tne vertical 
as well as to the hiorlacntal patterns m deslgnu,g a radlc range antenna array It 
1s poxable to tune an array to produce excellent range characteristics at low argles 
and yet have quadrant reversals at h@ argles 7~11 cutsIde the cone-f-silence. 
Such a condltuxn cannot be tolerated tixzn the reversal takes place rrell outside the 
cone-f-silence 7,cne. 

In analysis of t?e descriptive geometry of varlcu~ ratiatlon character1stlcs 
reveals that two tistlnct tps or faraLes of field patterns may be obtalned First 
let lrs consxler point source radiators and free space patterns Two radlat3r ele- 
ments fed In phase opposltlon yield the fust fannly When the szxlng bztvreen the 
radiators 1s small, the space pattern radvated resembles tvc tangent spheres mth 
tar oolllnear axes coxcldent mth a Lne Jolung the radiators. As the spacing 
bet-e? the radiators 1s Lncreased, these s@~res become ablate along the line JoIn- 
~ng the radutors until, It about 180°, the radlatlon along thx lug begins to 
decrease, reachmg wro at 360' spacug. At all tLmes the field In the plane rmd- 
ray between the radiators and perpxidxular to theu axes 1s zero Let us call ttus 
type of pattern lyp I (see f1g 57) The second type of pattern 1s ratiatsd by two 
elen&nts fed u-phase When the elements are very close together the pattern 1s 
suherxal, but as they are xcved apart, this pattern becomes condensed along a lu,e 
jounng the two radators, formung a torold nhsn the spacing 1s one-half wavelength 
At spac~?gs greater than one-half xvrele%th a seccndarg lobe appears along the 
Lne Joln=ng the ra.lu.tors and increases to predomuxte In cross sectIons at 3Mi0 
The fxld 1~ the plane rmdway bet-en the elemerts and normal to a lx~ ~o=rung the 
elements IS alwars lu%xLmuln let us call this farmly of patterns rype II (see f1g 
57) 

Corqrlson of the drawags of space field patterns of the two types shcnrn 
In flgux 57 Tnll c&i-1fy tq1s clsssLf1catlon In these three timenslonal plots a 
quarter-sectIon nas been cut amy to show more clearly the form of surfaces obtaIned 
At any angle the field strength 1s propcrtlonal to the length of the radius drawn to 
%e sur'ace of the solid 

Introduction of a thud radlatlng element In-lve and rmdvray betmen the two 
previously consIdered elements, and fed elther at 0 or 180' phase mth one (or both) 
of ther, may yield radlatlon patterns of ather type 01‘ a combmatlon of both. By 
proper marlpulltlon of the three variables (spacing, current phase, and current 
amphtudes) of the array, a xnde variety of shapes may be obtauxd 

In a radio range, It 1s desxable to radiate a high percentage of signal on- 
course in order to pronde ,raxxmum service along the course At the same tome It 
1s desuablc to reduce the percentage of signal ratiated toward the certer of the 
quadrant 1'1 order to -lmz~ze the ?osslblhty of reflections from local ob;ects At 
a distance where the angls of elevation 1s low, otiy the horrzontal field pattern 
need be considered and either the l&e I or the we II field pattern 1s sutable 
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Considering higher angle redlatlon, field patterns of this first type ~~11 not retain 
these characterlstlcs. the maxumxn s~mal at kl'h annles -will be IT, the center of the 
quadrant Patterns oi the second t$, on the ither-hand, ~~11 retan the high per- 
centage of on-course signal at all angles of elevatun, but, at high angles near the 
cane-of-silence, quadrant reversals may be encountered 

I- practxe WT cannot have pant bou-ce radlatlon and WE cannot ~SSLE free 
space patterns The antenna "form factor" and "gomd factor" must be consIdered XI 
the calculation of the vertxal plane ratiatlon patterns These factors MS be used 
to advaptage to qrove the cone-of-silence i-e&on It must k emphasized, however, 
that If quadrant reversal occurs at a given sngle, that angle cannot he changed by 
manlpulatlon of these :actors 'Ibe loop typs railators used durung this development 
,ave a form f'actor tilch nroduces a cons-of-silence regaroless of the vertxal xattern 
of the pawt source array iTal-lous groud fzciors arc obtaIned by adJustrent of the 
hag% of the array above ground. For mstance, placing the arrxy one-half wavelength 
above the ground (or counterpox+) will reduce the ~1~1 at hgh angles, but Placing 
It one-quarter wavelength aSow ground ~~11 re~florce high-angle signals If an 
array can be deslgned vr~~ch possesses all the desxable characterlstxs mentioned but 
has qaarant reversal at very hgh an&es, tlus effect may be made unobJect1onable 
fro? a xv~gatlonal vlewpolnt by vmdsnln# the cone-f-silence The reversal ml1 theq 
occur when the slml 1s very weak, or probably u,au&ble The manner I,, ahlch such a 
field pattern may be obtaIned x~ll be dxscussed later 

Let us start mth the derlvatlon of the simple expressions for radlatlon pat- 
terns of the fust type III wkch there LS zero field m the plane normal to a Lne 
joulmg t'le elemelts Consldsr fust three radiators u-lu,e, spaced S electrical 
degrees apart 'Ihs 1s the same sltatlon as in a f~ve-ele~nt antenna u, wkch one 
pa~- of loops 1s tuned to 5e lnactlve when not fed dxectly throqh the u,terlock 
relay If the currents in the active outsIde elements are equal and u-phase, the 
current in tne center element :s equal to the sum a1 tile currents u, the octslde 
elements and MO0 U of phase &h them The expression for the relative fxeld 
Prcduced at a ri;s+ance, D, maj b3 written 

For Pant source radiators ID free space, the factors N and G are -ty when loop 
antennas arc used ad movnted on a cou;lterpolse above qoa,d 

F = 
P 

relative field stren&b at d~tance, D, when D 1s 
suffxlently meat that S/D 1s very small. 

N = a constant 
M q the antenna fork factor in the vertxal plane 

which for loop radiators rw.y be considered 
equ.21 to cos 6 

G = the @ound factor Ihlch, as explaned below, 
nay have twc values 

S = the spacmg from outslde clemerats to the center 
ele-nent =n electrxal degrees 

hl = the hag\+. of the counterpoise above ground in 
electrxal depees 

h:, = the \elght of the antenna above the counterpoue 
III electr1sal degrees 

R 1 ihe radius of the counterpoise ln electrical degrees 
e = the azuutti angle measured from a vertxal plane 

passmg thmugh the al-i-ay 



me two values of 
angles less thar 
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4 : the elevation angle from the horizontal plane 
the ground factor a-e based on the assumption that st elevation 

(tan-l $) 
at wtuch reflection takes Place from the growd, only 

/ \ 
G1 applxs At slevatro? a&es greater than (tan-l +2) at ,vhxh reflection takes 
place from the counterpo;se, only G2 apples Sti-xtly there 1s not an abrupt change 
in this factor at the crltxal angle Ilrperfect reflsctlol at the edge and dlffrac- 
tlo" over the edge of the counterpoise cause a gradual change ~TL the interference pat- 
tern produced Compntatlo? of the pattern in txs region 12 of purely academx 
interest At any give" uwtallatlo" slight lrregularlties m terra" xnxke any mathe- 
matlcal analys13 of the s1tuatlo" only appro*te The ground factors are based on 
the approxuatlon that the reflectlo" coeffxlents of both the earth and the counter- 
poue are vnlty, and the phase change at reflectlo" is 180' 

Figure 56 shoAs several curves representIng the field patter"3 I" the horizon- 
tal plans, plotted I" rectangular coordinates, for the three-element array errangeil 
lnth ~a-10119 spacings of eleroents. Figure 59 LS 1nclLded to sho%r conpxative thecret- 
~a1 patterns of a twr-element antema (four-element range) 'he pattern for 6uD 
spcmg approaches a flgxre eight conslstlng of two cu-cles However, thus spacing 
is physxally unattainable hca~se of the size of the loop type antennas All tile 
Patterns of the three<lernent array are superior to those of the two-element rrray I" 
course sharpness and ratlo of on-course to -mum quadrant signal 

From flgue 58 It, 1s seen ihst the co'xse sharpness decreases while the ratlo 
Of on--colxse s1gna1 to rradmm slgnzl mcreases mth increased spacmg At spacings 
beyond MO6 the pattern pi-ovldes decreasmg radlatlo" I" the off-course reglo" 
Curve 1 of flwe 56 1s considered the Last comprormse between these factors and shows 
a ver> desirable fxld pattern for ratio range operation 

Now let us consider the five*lement array which comprises the complete range 
antenna fed as show" in fwxs 56 A shght ~prowment of the o"--course signal may 
be obtalned by feeding a 3~~11 amount of current u,to the ldls loops 1" phase mth 
the mau, outslde loopa (for x,stince, paras1tlcally). When this 1s done, a small 
secondary lobe appears in the vertxal pattern TIus 1s of minor Importance 1f the 
ratio of this current to that in the ma=" loops 1s kept small so that any qvadrant 
reversal occurs ulthu the co?e-of-silence region At the same time the phase of the 
center loop may be changed slightly from 180° 'Ihe resulting sxpress=o" for the 
field pattern 151 

F = NM-? 4 Kl cos 
P-b -I [ 

(S case) cos++Kz cos (S sun 0)cos 4 
I2 

+4 COB* Kl 
[ 

cos (s case) co5 4 + YQ co9 (5 sine) co5 4 +1 $ 1 1 
where Kl = the ratio of the current 111 the ma=" outside loops to current I" tne 

center loop 
K2 = the ratlo of the current in the secondary outslde loops to that Fn the 

center loop 
w = the phase angle of the center loop mth respect to the corner loops he 

Cm-ner loops are all III phase 

Flgwe 60 represents the field patterns of the or~gual three-elsrosnt array 
vntb hfferent phase angle adJustmats. It 1s evident that tne optunxm phase angle 
is MOD Figure 61 represents field Patterns of a five-element array spaced lBOO 
from center-to-corner ele;ie"ts, t?e coi-ner eleE"ts fed m-phase and BOO out of phase 
Kiti the center elexnt These cur-ms are for w.r~cus current i-atlas Clrw4iS 
Included for comparuon mth the most dearable combinatlo" using a three&ement 
arrq With the flve-elenent array, there 1s a shght gal" in both the course sharp- 
ness and th& ratlo of on-zourse to maxumrfl Signal mere 1s also a desirable decrease 
in the rat.10 of the siflal 45' off-course to the mazdnum signal Hoaever, the secon- 
dary lobes XI the horu,ontal plane nust be consIdered In the worst case, the secon- 
dary 105e 19 only 10 percent of the conplsmsntary sl@l lhs effect ooc,xs in the 
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centers of the quadrants and P-Lthu an an@ of 15’ In tte pattprns represented by 
curves 1 ad 2 the effect 1s mthln 6O and loo, respectively, and of such mgnltude 
as to be udetectable 1~ ar aural range sjstzr, 

lhe effect of these lobes in the vartlcal r~lane 1s of ma~oi- importance Fig- 
u-e 62 represents tne free spxe rangE 51g 21s u1 tne ve1ircal plane for point source 
radlatrons. The two sets of curves CUT fcr -zlnuth angles of O" and i+O', correspon- 
du,g to centerquadrant i-a 5O off-cou;e :-llg?t, respectively 'lhe CJY-Y~S corlespond 
to the horizontal pattii-n of figure 61, CLJYE 2 T?ns partxular set of edJustments 
gives quadrant reversal at elevation a-~19s cf 57' ann 59" for center-w&ant and 5" 
off-course flight, res~ctlvelj-. As F'eLlOUSl~- explaIned, thu effect ss not a func- 
tlon of the antema for" factor or the gToLLnc ractcr 

F~@n-e 63 1s calculated for t+e s- erray 2s figure 62 bLt r,cludes the an- 
tenna form facto: and gromd fzctor It 1s seen that t'le quadrant reversals OCCUT 
at nezrly t1e sane a&es Althoug? the rux~lill~m signal 1s 1~ We center of the quad- 
rant at very high angles, t';e Fi-cePtae of the signal on--co~rse 1s alwys qute 11gh 

l",e cr~ter~on of the allowaale naqltude of thx quadrant reversal effect IS 
the actual s,pnal received III the aunlanc ntlle the plane 1s prlssu,g through the 
cone4~-sllrnce reglor Figure 64 shows c?lcJleten values of slgixil strength as 
would PE I‘BCBIVPC L" an airplane flying through the cone-of-sllenco alone the addle 
of the N quadra.,t at an assuoed altitude of 2,003 feet Computations for this fl,we 
TETC based on an antenna array tuned tO produce the hOrlEOnta1 pttern Of c-e 2, 
flpE 61 'he computations for t%se CUI‘YBS were rnzde assuming loop tne transrmt- 
tang ent?n-ms ooe-helf rmvelen&h above hound a?d a recelvmg antenna ha,nng 
charact?rlstxs of 3 hor;zontal loop in free space lnth linear detectlo". In this 
csse "mm-art reversal takes place at a horuontal &stance of 1,400 feet from the 
ststlon At this point the slgnnal stren,-t? 1s 16 decltels down frorc uwilmum and 
rapldl>m decreases as the station 1s approacrel 

If we assu,~~ an ax- speed of 150 mles per hour (220 feet per second), the 
total hi-aban of the effect ?nll be 12 7 secoqds, about 6 seconds of itilch the sag- 
.,a1 ml1 lx bslow au&zliiy because of the cone+S-silence Under these condltlons, 
betman one and txo A-IJ interlocks ml1 be rexlved on each side of the cone Under 
?ormzl condltlons the effect would not be detectable hecaase of the precise flyu,g 
reqursd to dlstln&'ush the effect from that heard w,en a norrcal cone 1s mused by 
a short distance it s&n t'Percfore b8 sad tLat there 1s 2 deflate Lu?lt to the 
allowable parxltx current in the Idle loops The hl&angle quadrant reversals 
caused by sxh currents XL> bz unrietectable wblle the increase of signal on<ourse 1s 
a slight advzqtage The course sharpness obtained rrlth this turung 1s slightly 
greater than that obtaved from an antenna nth greater spacing g~vlng the saw ratlo 
of onxonr8e to maxlrmun slgnal but without parasltlc current u, the idle loops 
Curve 3 of Cqurc 61 my be sad to be the luutlng case If the parasltx tax-ents 
are gzeater than in Lhls case, the quadrant reversal effect may be consIdered unde- 
slrable 

Figure 65 is similar to figure 64 but 1s calculated for the antenna adjust- 
ment proauclng the Type II pattern, the horizontal field of whxh 1s shown in 
figure 66 Here It 1s seen that the quadrant svgal reverses approximately 1,400 
feet before the raxuiwm sl,@al 13 reached, wtuch 1s more than one-half rmle from the 
statlon during flights 2,000 feet above tte ground llhen the same assumptions are 
made as before, between su: and elgbt reverse signals ml1 be heard each side of the 
cone The Incorrectly Identlfled area ln this case 18 of sufficient size to cause 
tiffxulty in orlentatlon over the statlo" Because of this, the otherwue highly 
desuable antenna adjustment cannot be used Quadrant reversal along the center 
of the quadrant occurs at 32 5" elevation 

The cf.aracterxtlcs of the four- and five-loop arrays are shuwn 11, table 1 
Elevation angles at which quadrant reversal takes place are given for flights along 
the rmddle of a quadrant In all cases the data are calculated in accordance mth 



~abulatio" of Uanous Characterlstlcs of Four-Loop 
and Five-Loop Radio Range Antenna Arrays 

FIgare Antenna course Oll-COWSO CenterJZu;lrant Max Signal Quadrant 
sharpness Lwx signal n2L-l Slgml 

"2, (db/degreez)(psrce"t) (percent) 
degrees Reversal 
off%course (degrees 

elevation) 

60 1 0 1s 88 1w NOE 
0 20 80 100 None 
0 24 77 100 45 NOIE 

4 0 30 71 100 45 NOTE 

59 1 0 25 
0 30 

'8: 92 12.5 None 
100 45 None 

0 35 76 100 45 rime 
4 040 70 100 45 mne 

61 0 30 60 100 45 NOIE 
0 31 22 5 1CC NOTE 

4 0 32 84 100 None 

62 1 o 26 93.5 82 10 55 
Or/ 93 81 10 
029 92 80 10 

67 1 0 j0 76 5 49 15 32 5 

p~e~ously outlIned theory, and the flwes should not he confused mt,h the erpermn- 
tal results described later 

It 1s rot dlfflcult to adJust either a ttree+zlemsnt or a flve-eleaent array 
to "reduce any of the radlatlon patterns descrlkxzd me 1oop3, f1,gore 56, are mounted 
at the deared s!xc="g and the certer antenna 1s connected to the zraumltter through 
1ts transmlssmn hne 3?fore any 11nes are connected to ',he corner loops, each urnt 
1s u,alviduall> tuned to resonance. Tnls tunng 1s done by exc1tmg the center loop 
anrl adJustlng the stcb, Q, or t\e deslred corner loop until MXI- current Is ob- 
talned at the center of one of the loop sides. The remammg three coriwi- loops are 
short-clrc~ted during t'le tvnng process One corner loop 1s then connected to the 
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transrmttar and the center loop 19 dxxonnected from its line and rssonated 

The flvve-loop system then may be connected as shown ad the tis terrmnated 
by mans of the terminating stubs, P At thAs pant the length of the feeting lures 
A-B & C-D must be adJusted to exactly the same electrxcal length me cum-ent rat10 
of corner-toxenter elements may then te set nth the relay enerezlng loops A and B, 
whde loops C ard D are shorted, and tie current 111 E 1s adJusted by mans of the stub 
and tap at the seting e& The same adJuStnent will be correct for loops C and D U" 
the preceding adJust,ments have been uade correctly lhe phasing of the corner and 
center elements may be determuwd by neasurement of the field pattern. Eunng these 
measurements It 1s very important that the Idle loops be short-xrcuited. correction 
of the phase relationshps 1s made by means of the phasing hne. Vben the connectio?s 
are 8s shown, the line feeding the idle loops 1s open at the interlock relay. Adjust- 
ment of the len@h of this LUE pernits lndepsndent s.dJnstment of the wedance of the 
idle loops and hence the magnitude aqd phase of the parasitic current in them The 
phase relatlonshp of the parasitic ca-rept to the currant 1" the excited loops will 
depend on the &stance of the paraatx loops from the excited loops ard theu tunxng 
Marnpulatlon of the length of the feeding lr,e pe-ts a reasolably tide range of 
conditions 

‘Rnen the spacw, S, 1s 160°, the phase and current relations shown III figure 
61 are obtained tie" the loops pi-e resonated It should be renembered that the sye- 
tern must be sylmDetr1cal Vhen a three+lement array 1s used, the s- adjustrent 
procedure 1s follomd except that the cilrz-ents I" the Idle loops are smnated. he 
hne lengths to the COXYXT 100~s '&St be adJustei sl~ltaneo~~l~ It should also be 
emphasxed that If the lugs are not terminatad proprly, and ti a standing -wave 
eldsts along them, adJustint of the ph+smg tine bill change the rragrntude of current 
11, the load as well as Its phase It has been found that actual fxld patterns taken 
at a dls+ance of several wavelengths serve as an accurate check on the antenna ad- 
justrnents Measurements so made elmte the recesslty of a person's worlung close 
to the antenna elements wzth the consequeqt probablhty of hx dlstui-blng the field 
p.ttH" 

Equipmnt 

b) wmse and Tovzr 

The tests described mere all w.ide mth the antenna systems mounted on a 
cu-c&i- counterpoue of l/2-inch-square galxaueed iron ,mz.sh, 30 feet ~TI dl-ter, 
and eupported 30 feet above ground The structure was fabrxatad entu-ely of wood. 
A frame bulw located under the counterpoise housed the transmitter and assocla- 
tad equipment. Figure 68 1s a VIWU of the station 

(b) Transnuttar 

The 125-megacycle transrmtter used in this FoJect was excited by an 807 
oscillator-tripler controlled by a 5208.33~kllocycle cry&al The oscillator was 
folluwd by an EO7 doubler Ilese two tubes and thev power supply comprued the 
exciter unit, which was mounted u, a relay rack with the keyer and the Interlock 
relay rectifier The exciter was link-coupled to the transutter proper by means 
of a flexible coaxlal 11"s The transmitter was built I" a type TX1 frame and 
consisted of two HK-54 (trxde) doublers followed by F, final ampllf~r consisting 
of two HX-254 triodes operated I" push-pull Lx& couplu,g -as used between each 
stage. The fIna amplifier tank was of the loaded transmission line type All 
other tuned clrcuts used ~011s and condensers The high-voltage power supply for 
the HK-54 aDd the m-254 tubes was supplled by a bridge type seleruum dry dxc 
rectifier This rectxfier was nade up of 28 stacks of 32 plates each and supplied 
1,650 volts to the transmitter It has proved excellent from the marntenance point 
of VleIv The power input to the stage was 330 watts (unmodulated) The plates 
of the poser ?.mpMler wei-e 90 percent Eodulated at 1020 cycles A block diagram 
of the transmitter 1s shown I" fxui-e 69 The high-voltage power supply was mounted 
11, 8 second relay rack which aas placed adJacent to aad to the rl&ht of the exciter 



rack A third rack placed betaeen tne transmitters and the exciter rack was used as a 
frame to support the various radio-frequency neixrorhs used to feed the antenna system 

Because of the remote location of the station , poor voltage regulation of the 
pow% source, and u,terrmttent loads on t'le line, 1t ¶a5 necessary to US8 a voltage 
regulator to secure satisfactory service PI17 reguletor was an autoD!at1c unit of 
three KVA rating &ch has no movmg parts It had the very desuable characterlstx 
of drawing tit 300 mtts when the output temnals ,pere short-cucuted, thus elmna- 
tmg the need for heavq- lyle fuses oi- cu-cult breakers. lhe normal operatmg charac- 
terlstlcs mre as fOllOIK3. output voltage 110 volts plus or minus 1 1 volts vlt,h 
Input voltage of 110 plus or rmnus 16 volts, full load power factor 90 percept and an 
effLclency of 85 percent 

(c) Antenna and Transmss~on Lmes 

Dunng the tests two metnods of feedlng the antenna rzre used Tne first 
conslsted of a single concentric line rvn from the transrmttor output crcult to the 
interlock relay The relay output ms fed to balanc;Pg networks, and shelded t,vo- 
he transmsslon lue wxs used for the remainder of the system Fwxe 70 1s a 
schelratx tiagran of the arrangellent lhs nethod was used only ior the tests con- 
ducted mth the four-loop antenna array. The second methed consIsted of dual lue 
throughout. This balanced system ms used xmth the five-loop vltenna In order to 
make ths possible, It ms necessar> to deVelOF a sutable double-pole uterlock 
relar. Ihe double-pole relay yms bult fro3 a standard interlock relay. It nas, 
of course, necessary to redeslgr the contact system, and 111 the new deslm It aas 
found possible to completely shxld and isolate all radio-frequency conductors 
The parts weere so proportloled that there would be a ~nu,um of Impdance ducontr- 
uty Figure 71 shows the contact nechausm of the relay. 

As previously expla~ed, the five-loop antenna required very exact adjustment 
of phase and aptitude of the various radiator currents A trombone type of adJust- 
abls phasing hne ~3s bult to phase the corner loops mth respect to the center loop. 
?hls line lras bult from telescoping tubing and w-as of such length that the phase 
could be varxd over a range of about 120° The sizes of tuxng used were selected 
so that the character1stlc Impedance of the section aould be the s- as that of the 
two-mre lme ?'lgure 72 1s a riew of the phasing ut and shIelded interlock relay 
Zhe dual Interlock relay was mountsd on the top of the relay rack mth the phasu,g 
sectIon directly beneath It. 

'he antenna array schematx shovm in flgu-e 56 was used Ths methcd of 
feeding was found qute satisfactory xchanxally as well as electrxally Because 
of the short duration of the tests no effort was z,de to mau,tain gas wLth=n the 
11nes Howaver, they mre thoroughly dried out and sealed aganst the e.,ti-ante of 
moL?twe Flgue 73 1s a view of the five-loop array momted on the counterpoIse 

(d) Recelvln~ Equpant 

Fxld patterns 111 the horizontal plane vere taken usr,g a portable wcuum 
tube field detictor Readmgs were taken at 10' u,tervals on the ground arar,d an 
accurately staked cucle of Z&O-foot radius Although there ras some verlatlon I,, 
sound level, It xzs possible to obtain accurate field patterns by compensatu,g the 
he@t of the field meter 

me auplane equlpixent consisted of a tunaale ultra-h@-frequency recel~er 
and the EsterlueAnguus recordmg rm&ammeter already described. A horlxontal 
ultra-hgi-frequency loop antenna wxs mounted on to? of the fuselage of airplane 
NC-80. 3x1s antenna ms smlar 1n design to that used ln the r,strument landu,g 
test.911 and 19 shown =n figure 74 

%ee reference 9 on page l& 
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ll,e tests conducted consist of tr" ilstlnct parts 7%~ fust part covered 
operation of the four-loop antenna s&en a-i the second part covered operation of the 
five-lOOr, array Vai-lous camblnatlons of phasing and current ratios mere tested, and 
from the results an optuxum set of ad:Istmeyts was determned It should be mentloned 
at thx time that t?e tunmz operations ~<erc meatly slxplifled after the dual trans- 
rmeslon Lne MS used throughout the feedln,a srsten Although no serious dtifxulty 
was experienced UI adJust;ng the angle to 3unl luzc networa, they mre found so~oe- 
*hat crltlcal in adJustnat At a frequen=j as h;gh as 125 megacycles, short lengths 
of exposed conductors mtroduced apprcclaxle reactaces, and in an 1nstallatlon such 
as thus, great care was necessary- to >~eserve reasonable DFdance relationships 
Shleldmg of tne entu-e relay system ras fo?lni necessary =n order to keep radlo- 
frequency cisrents from zppearlng on the outer swfaces of the Lnes me use Of the 
dual transrmssion lu,es complet.eP~ eluunzted all these tiflcultles 

tinslve fhght and gronrd tests of both systems rere uade to deter-e the 
characterlstxs and aer~lce ranges for various adJustne,,ts A t'ieoretxal analysis of 
the cone-of-silence led to a thorough flight uveatlgatlon of ths region Recordl"gs 
were made during these fhghts and reproduction of representative SUTY~S are ucluded 
XI this report A sei-les of measuremznts was nade to deternne the effect of strlng- 
~ng ‘~1i-e along the members of the coanterpaxe supp"rtu,g structure lhs was done MT 
order to make the wow&n tower slmulzte a steel structure Number 12 copper *i-e was 
used and strung on all four sides of the framework in Tertlcal, horuontal, and dxigo- 
ml dlrectlone. Both before and after apgllcatxx of the ,.xe, It was not possible 
to detect anj- vertical component in the radiated signal around the station 

In general, the experrzental results egreed mth the FEvlOUSly outlined 
theory '",e flight tests showed that the five-loop antennz was capable of produclqg 
more desuable charxcterlstlcs and greater service range than the four-loop antenna 
Ucst of the data presented for the five-loop system ai-* for Conaltions using 
five elewnts (parasltlc currents m the Idle loops) TnlS 15 because he results 
"btalned ,nth this arrangement mere sh&tlj suparlor to those obtaIned with the 
three-elemelt five-loop system All hound and flight measurenents uxiicated that the 
most desirable adJustxent of the five-loop aqten.u N~S tTat which corresponds to 
curve 2 of figure 61 Figure 75 _e a plot of the treasured horizontal fxld pattern 
of thu ad;utnen', of the antenna l'w calculated pattern 1s included for com~r~eon 
Ourve 2 of figure 59 appromtes the ?orlzontal pattern of the four-loop sjstem, and 
figure 76 1s a plot of the calculated and measured fxld The field patterl of the 
threeele,nent five-loop system 1s very su~lar to the five-elenent five-loop system 
shrmn in figure 75 

The range charactellstlcs due "?ly to propagatlor pherorana vizre the same for 
both types of anten%s Because of the FUTe p"tilZat1"n of the signals radiated 
from the 10°F type antwnas, the pushing end cuclu,g effects were reduced to a mu,- 
!mm In all cases both effects were muc', less than had previously been observed on 
ultra-high-frequency ranges The greatest pushing amounted to less than l/2' (0.G 
rmles at a dlstarce of L+!Z miles) and =n most cases was too small to be measured It 
1s pasable that a large percertage of the pUsbXg 1s dae to the ax-plane mstallat1"n 
'Ihere lpas no teqdency at any tu,e toward bent, miltlple, or dlscontlnuous coureee 
'I,,e quahty of the course signals wae at all tlms excellent and contrasted strlkagly 
nith early attempts to sroduce a 125megasycla range with crossed&pole radiators 
Hey chcks were almost undetectable both with single-pole and double-pole relays. 
Slight fades near the station rare encountered but wei-e of such a nature as not to 
confuse B pIlot. ?he characterlstxs of the four- and five-loop systems are summed 
UF ln teble 2 

It is not possible to show duectly comparable recordings of the various 
course characterlst1ca because of the different weather and tind conditions under 
tiich they we:e n&e Tilyres 77 and 78 are cross-coui-se records taken at distances 
of 15 aid 31 rmles, respectively, from the four-loop station A s~rmlar record for 
the five-elercent, five-loop antenna taken at a distance of 30 rules 1s shown UI 
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Four-Loop System 

Course sharpness 
Average mdth 

Cone-OS-silence 
Average ,sldth 

MultJple coui-SBS' 

Table 2 

Tabulation of tPe Var=ous Characterlstxs of the 
Ranges bsmg Four-Loop and Five-Loop Antennas 

Five-Loo" System 

3 5 degrees or slightly Average mdth 2 8 degrees "I‘ 
broader than the pre- slightly narromer 
sent low-frequency rx- than the present 
ges (Sm.) low-frequency ranges 

15 degrees each side of 
statlo", wtx\ 1s qLdte 
notxeably mder than the 
low-frequency ranges 

50 to 60 l2lLes at an 
altitude of 1,ooO feet 
over flat country 

None 

Average Tfiiiaw 20 degrees each 
side of statlon 

None 1x3 the 3-element system 
Detectable m the 5-element system 
only when i-ecezver gam 1s very 
high and statlo" 19 approached along 
exact center of quadrant For nays- 
gatlonal purposes We efiect may be 
called negllglble 

60 to 73 miles at an altitude of 
1,000 feet over flat country 

None 

flgure 79 Figure 80 1s a recording made dwlng a flight on-course owr the statIon 
and shows the cone-of-silence characterlstx of the four-loop antenna Figure 81 re- 
presents the on--course cone-of-silence characteristic of the flxe-element, five-loop 
artenna The surges and fades shown as the statlon 1s approached and passed are func- 
tlons of both the height of the transnritting antenna (ground factor) and the charac- 
terlstlcs of the airplane rece=%?ng antenna In thx connectIon We ground factor 1s 
reS&m,Slble for the two surges farthest fro,, tte station The surges near tte sta- 
bon are caused by the recelvlng antenna The problems of antenna rstallatlon on 
tall towers ml1 be covered I" a subsequent report Figure 62 IS a recordlni: qnade 
during a flight through the cone-of-silence along a quaarant center The gaaln of the 
receiver was turned very hgh in order to show the quadrant reversal effect "hs re- 
cording shows the prex~ously outllned theory remarkably well It was quite dlffxult 
to ily the range mth sufflclent precxlon to record the reversal It may be sad 
conservatively that the effect 1s so minor that It may be dlsregarded "his, towerer, 
cannot be sad of Me adJustnents shorm =n flgui-es 65 and 66 Although no actual re- 
cordings vere made, filght observations lndxated a very mde angle in which quadrant 
signals vere reversed The diameter of the region was approximately 1 rmle at an 
altitude of 4,000 feet 

figa-es 83 and 94 are included to give a comparison cf the ultra-hlgh- 
frequency range mth the smultaneods low-frequency ranges no- XI 'lee These flgvres 
are recordings 7~a"e of the Indlanapolls simultaneous range (266 L~locycles) through 
the cone-of-silence and ecrcss a course at a dlsiance of 15 miles 4s a navlgat1onal 
ad, the fl\e-loop system plvlng a high percentage of signal on and near the courses 
proved to be very desxable W:',h the sax Input power to tre transmitter, the on- 
course distance range was appreciably xxi-eased Dxxng onentatlon under the hood, 
It 1s '.ery dlfflc?llt to tell that the field pattern 1s not the same ae that of the 



Table 3 

Radio Range Operation Considering 
Undesrable Features 

Undesirable Features Fadlo Ra~pratlon 
63 Meggcles lz5 ueggycles 
v H P H HP 

Multiple coursee Good Good Poor Good Gocd 

Pushing and cucling Good mar Fax- Poor Good 

Pi-opener mcdulat1on Poor FUT Good Good Good 

Flutter modulation FaU FTlU Poor Poor Good 

Atmospheric statx Good Good Good Good Gocd 

Ram static Good Good Good Good Good 

1gInt1on noise FeLI Fair Goad Cod Good 

Ionosphere reflection Faii- FZlli- Good Cncd Good 

v - VertLcal PoL&satLon 

H - Hor~zonta.1 Polanzatlon (Crossed Dipoles) 

HP - Hor1zonta.1 Polarization (Pure UHF loop antenna) 

present ranges because the ratlo of A to N quadrant signals gradually approaches wnty 
as the course 15 approached 

The undesnable features of a ratio range, together lnth the relative freedom 
from these undesnable charactenstxs obtaned for the v~~oue tsrpes of antennas and 
frequencies tried, as reported u, this pper, are shown n table 3 

The follonng conclus1one have been reached as a result of the ultra-tigi- 
frequency range tests described 1~1 tha? report 

1 The 125~megacycle pure horaontally polarued aural ratio range described 
I,, this report is the most satisfactory aural type ultra-lngh-frequency radio range 
that has been tested or developed bs the Cl-1 Aeronautxs Adrmrnstrat>on 

2. Both the three+lemnt and the five+ele~nt pure horr~ontally polarxed 
arrays are economcal to nstall and easy to maukaln. The three-31ement array pro- 
vldes very satxfactory results and 1s somevbat simpler n, adJustment than the five- 
element system, xvhxh gives slightly sharper courses. Slight quadrant reversals 
appear u, the cone-of-silence area mth the five-element system tilch are not present 
mtlth the three-element array 

3 The five-loop r~stem (either three- or f~ve~lemente) 1s mare desrable 
than the four-loop system kcause It vnll provrde u,creased course sharpness together 
mth a 15 percent mcrease in field strength on-course 
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4 The optimum adJustrnents far the threealement and the flve+lement antenna 
system as described hereln BE as follow; 

Three-element Flve-elemeqt 

Relative current ln corner loops 1 1 
Relative current in Idle corner loops 0 0 36 
iklatlve current in center loop 2 1 18 
Phase angle between current 1n center 
loop end current in the corner loops 180° lSOO 
Spacrlg between corner loops 4200 3d 

5 me results of this developinent S'IOW that tne three-zlement system 1s the 
mast desirable ultra-high-frequency aural range caause aA ,- the absence of quadrant 
reversals in the cone-of-silence 

6 Horizontal pclarLwt1cn 1s defuutel? s+erlor to vertxal polarlzatlon 

7 Tne use of pure polarization, elther hcr1aontal or vertical, 1s essential 
in an ultra-high-frequency radio range system in order to redace undesuable pushing 
ana clrchng effects. 

8 Pure hollzontally polarized waves rmnuu%e the tiscontinmty of courses 
near the station 

9 Tests ~ndxate that the use of metal structures (ustead of wood) for 
supporting the counterpoise and antennas a?11 not titroduce appreciable vartlcal com- 
pone-?t in the transrmtted signals 

10 The 63-megacycle vertically polarized antenna system 1s far superior to 
the l2-megacycle vertically polarized antenna system and 1s some&at superior to the 
lZ+,~gacycle horizontal crojsed+llpole antenna Propeller marlulatlon 1s the major 
dlsturblng effect at 63 megacycles 

11. For equvalent antenna hel&ts at 125 megacycles, the horizontally 
polarized crossed dipoles are deflnltely superlo= to the vertically polarized anten- 
nas lslth repad to the number of multiple courses Hoi-l~.ontal crossed dipoles 
exh~blt Lore pronounced course pushing and shghtly worse course dlscontlnuity 1n 
the vxlmty of the station but are subJect to less flutter modulation of the re- 
celved slgxl due to reflections fron rough terrar, 

12 Vera hgh antenna structures are undesuable because of the InablLtl of 
a counterplse, &lch 1s necessarllg- lunted XI size, to ellmlnate a multLpllcity Of 
low angle lobes There IS, however, a very noticeable u~rease in distance range 
when higq towers are used. 

13 VKth the applxatlon of the ultra-high frequencies to the Cl-1 Au-ways 
of the Umted States, It LS expected that a mde varxty of reflecting obJects mll 
he encountered In a few extreme cases It may be neceesarjj to resxt to specially 
snaped space patterns in order to redue reflectIons and elmte multiple courses 
In thx respect the two+ourse radio range prrmts g-rsater fleldbll1ty than the 
four-couTse range 

14 Toe site requu-ewnts for the five-loop fourxourse range are not so 
rxgld as those for the conventional four-loop range mth figure-of-eight patterns 
Kth equvalent site condltlons, satisfactory operation of ultra-high-frequency 
ranges may k obtaned in either flat or mountainous terrain 

15 Ultra-high-frequency redlo ranges are far superior to the Dresent loa- 
frequency type aith respxt to atmospheric drsturbances Very Lttle interference 
to ultra-high-frequency range operation may be expected durmg extreme statx 
condlt;ons 
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16 In muntamous ternan the aosence of multiple and bent courses nakes the 
ultra-high-frequency radio range suporur to the low-frequency range 

17 T'be absence of xnosphere reflectIons on 125 mgacycles makes thx freq- 
uency supeer~or to 63 megacycles from the interference pomt of new. 
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Figure 3 Block Dmgram of the Type TX1 Transrmrter 

Figure 4 Block Dmgram of the 63.Megacycle Recewer 
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Figure 5. 63-1Megacycle Aircraft Receiver. 

Figure 6. High Speed Graph’ic Recorder. 
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Figure 8. The 63-Megacycle Radio Range Installation at Pittsburgh, Pa. 

Figure 9. Recording of the Cone-of-Silence over the Pittsburgh 63-Megacycle 
Range, Antenna Above Counterpoise. 
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Figure 10. The Pittsburgh 63-Megacycle Vertical Radio Range Antenna System. 
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F,gure 13 Curves of Dtstmce Range vs Altitude. Indmnapolw. 63 Megacycles 
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F,gure 14 Recardmgs of Cross-Course Fbghts Taken 5 Miles from P,ttsburgb Shawmg 
the Compmson Betweeo the 63.Megacycle and 254.Kdocycle R&o Ranges 



Figure 15. 125-Megacycle Tunable Aircraft Receiver. 
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Figure 16. Block Diaeam of the 125-Megacycle Tunable Receiver. 
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Figure 34 Dmgmm Showng the Vamus Types of Recewng Antennas Used 

and Them Locahons on Stmson NC-80 

Figure 35 Tabulahon of Eighteen Separate Fbghts on the 125.Megacycle 
Honzontal Crossed-Dipole Redm Range 
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Flgure 5A Honzontal Field Pattern of a Three-Element Array a B Function of Spacmg 
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Fnguure 61 Honzantal Feld Patterns of a Fwe-Element Array as a Function of Current Ratios 



F,gure 62, Free Space Pant Sauce Sections of the Verhcal F,eld Pattern of a Fwe-Element A.-my 

101, , ,,, , 

F,gure 63 Sectmns of the Vemcal Feld Pattern of a Fwe-Loop Radm Range 

Antenna, One-Half Wavelength above Ground 





b~gure 67 Honzontal Field Patterns of Two-. Three-, and Fwe-Element Arrays 
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Figure 68. View of the 125-Megacycle Range Station at Indianapolis, Using 
Pure Horizontally Polarized Ultra-High-Frequency Loop Antennas. 



~lgure 69 Block Dmgram of the Modlfed TX1 Transmitter 
Used on 125.Megacvcles 

b~gure 70 Dmgram Showng the Balancrng Network Uwd for 
Tranformmg from Smgle CoaxA to Balanced Dual 
Coaxd Lines 
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Figure 73. View of the Five-Loop Antenna Array on Top of the 30-Foot Counterpoise. 

Figures 74. View <)1: Ihe Ultra-High-Frequencv Loop Receiving Antenna Mounted Above 
the Fuselage oI’ Civil Aeronautic; Administration Stinson NC-80. 
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E~gure 77 Envelope of Recordmg of Cross-Course Fbght for Four-Loop 

Antenna Taken at 15 M&s and 5,000 Feet Above the Ground 

k,gure 78 Envelope of Recordmg of Cross-Course Fbght for Four-Loop 

Antenna Taken at 31 Miles and 4,000 Feet Above Ground 

Figure 79 Envelope of Recordlog of Cross-Course Flqht for FIW-Loop 

Antenna Taken at 30 Mdes and 2.000 Feet Above Ground 
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Figure 80 Cone-Of-Sdence Recordq Taken at 1.000 Feet Above Ground 
for the Four Loop-Antenna 

/ 
: . 

Ftgure 81 Cone-of-Sdence Recordrig Taken at 1,000 Feet above Ground 
for the Fwe-Loop Antenna 




