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AN INVFSTIGATIOh' TO DETEFWNE THE CHARACTERISTICS 
OF HORIZONTAL AND VERTICAL POLARIZATION FCR VERY- 

HIGH-FREQUENCY TWO-COURSE VISUAL RADIO WGES 

SUMMARY 

The prvnary purpose of this ~"vestlgatlo" was to conduct extensive flight 
tests using both hor~zantally and vertxally polarized radla range antenna systems, 
and, from the flight recordings obtained, to determine vrhlch type of antenna system 
ms best suted for the very-high-frequency range appllcatlo" The ground transmit- 
tlng equpment was Installed I" a traler to provide easy transport from one posltlo" 
to another The transrmttlng antern?. was so arranged that the change from horizontal 
to vertical antennas, or lice versa, could be made I" seven minutes This feature 
permlttec the polarleatu" tests at give" locatlons to be made rnthout any vovement 
of the traler mth the result that dxectly comparable data were obtalned 

Tests were made with the equipment located for the follow="g condltlons 

1. 400 feet from e hangar on a line perpendxular to the face 
of the bulldIng. 

2 400 feet from the same hangar on a line 45 degrees from the 
face of the bulldIng. 

3. 300 feet on a luxz approxuutely perpendxular to telephone 
WLres 

4 In a" open locatlon corrpletely surrounaed by trees whose 
distance from the Waler locatlon varied from 360 to 780 
feet 

5 At "arlous distances from a somewhat Isolated group of trees 

The results of the tests lndxated that, vhere buidlngs and telephone wli-es 
are the prime reflecting obJects, tnere 1s very little choice between polarxatlons. 
However, at locations where substantial reflectIons from trees are obtaIned, hoi-l- 
ZO"t2i FOh-lZ2tlO" 15 far sup&-lo= t0 -AX-tlS2.l pOhrlZ2tlO" 

INTRODUCTION 

The problem of selectIn& the proper wave polarlzatun for very-high-frequency 
au "avlgatlan alds has bee" one of considerable xnportance I" the Clr~l Aeronautxs 
Adrmmstratxxn's developat program While It rr,s know" that reflecting obJects 
such as buldmgs, vu-es and trees often caused serious pattern scalloping mth the 
result that multiple courses wei-e frequently encountered, It was not know" exactly 
to what extent these reflectIons would react on range systems using either of the 
two types of po1ar1zat1on 

A pi-evlous report' on this subJect lndlcated that horleontal polarlzatlon was 
superior to vertical polarlzatlon I" the presence of trees, but the tests made to 
reach this co"clus1on were prelurlnary I" nature and not extensive enough to Include 
the actlo" of other reflecting obJects 

Subsequent to the previous report, several notable advancements were made I" 
the very-high-frequency radio range art resulting I" the development of a visual- 
aural very-high-frequency radlo range mth suaultaneaus voice and the very-high- 
frequency omnldrectlonal radio range 

1 
J M. Lee and C H Jackson, "Prellrmnary Investlgatlon of the Effects of 

Wave Polarlzat1on and Site Determ~natlo" with the Portable Ultra-High-Frequency 
Vxjual Hadlo Range", Technxal Developrent Report No 24, February, 1940 



The mltlal work on the development of these radio range systems was carled 
on I" flat and open country where nearly ideal site conditions prevailed and very 
little difference was noted between the two types of polarlzatlons 

However, later tests made near large bulldlogs, trees and wires mdlcated 
that the use of horlsontally polarized antenna systems would reduce the site problem 
for these lnstallatlons 

On the basis of the tests described 1~ the prev~us report and subsequent 
Information, most of the development of new very-high-frequency navlgatlonal faclll- 
ties was carried on using horizontal polar1zatlon. However, It was reallsed that 
there would be a number of advantages I" using vertical antenna systems provided 
satisfactory results could be ootaxed Included 1" these advantages would be the 
slmplxlty of the arcraft recelvmg antenna, the small physxal size of the trans- 
mttlng antennas compared tc the horleontal type of antenna, the ablllty to place 
the vertxal antennas 1n close proxlmlty to each other due to their smaller physIca 
slee (this 1s particularly mportant 1" some range systems such as the ommldrectlonal 
type), the slmllarlty of the electrical cbaracterlst~cs of the vertical antennas 
consIdered as comparea with the characterlstlcs of the type of transmlss1on lxx 
generally used, and toe smllarlty to certain radlo range equipment of foreign 
countries with the resulting adaptatlo" for lnternatlonal use 

In y1ew of these iacts, It was decided that a complete group of tests should 
be made to determIne the most desirable t;pe of polarlaatlon under as many condlta,ns 
as are normally encountered. The outlme for the test program included ~nvestigatvons 
to aete-ne the amount of reflectlo" from bulldIngs, wxes and parlous condltlons 
of trees and the effect of these reflectlo" on the range COUPees with each type of 
polarleatlo" These tests were conducted at the Adrmmetratlon's Fxper~mental Statlon 
near Indlanapolls, IndIana, I" June 1944 

The transm1ttlng equipment required for a complete two-course visual radio 
range system was housed XI the tractor-trader combr&lo" shown I" Figure 1. A 
compartment 1" the front of the trailer housed a gas-engine driven 220-volt, 60- 
cycle, power supply having a capacity of 5 HVA The power thus supplled ,ras well- 
regulated for both frequency and voltage to provide 115 volts, 60 cycles for the 
type TUD transmitter The center corppaartment 1" the trailer contained the trans- 
rmtter, mechanical modulator , phasing eqlupment and other necessary apparatus as 
well as storage space for test equipment and unused antenna units. Figure 2 IS a 
vlen of the lnterlor of the traler toward the rear showing the transmitter, while 
Figure 3 shows the equipment mounted I" the forward end. 

Transmitter 

The type TUD transrmtter used I" these tests was self-contaned and crystal- 
co"tro&d A schematic block diagram of the transmitter 1s shoKn m Figure 4. The 
transrmtter was controlled by a crystal having a fundamental frequency of 5225 hlo- 
cycles The m-cut crystal was mounted m a temperature-controllea holder. The 
temperature nlthln the crystal holder was mantaned above the highest amblent 
temperature to be expected to prevent molsture condensation imthln the holder The 
proper cai-rler frequency was obtalned by multlplylng the crystal frequency by a 
factor of twenty-four Three stages were employed to obtain the requred frequency 
2nd power output The crystal oscillator employed a type 807 tetrcde and was used 
as a cmbmatlon crystal Qsclllator and quadrupler stage with the plate tank cx-cult 
tuned to 20900 kilocycles The fourth harmonx frequency appearing m the plate 
clrcult of the oscillator was capacity coupled to the grid of the first doubler tube. 
'Ihe first doubler stage anployed another type 807 t&rode mth Its plate tank circuit 
tuned to 41800 kilocycles. The eighth harmonic of the crystal frequency was then 
capacity coupled to the grid of the first Internedlate-power amplifier stage The 



first x,termodlate-power anpllfxr stage operated as a neutralized funaamental ampll- 
fler using a Gammatron type 54 tube The output of this stage was coupled to the 
second lntermedlate-power anpllfler by means of a" x,ductlve link The second 
lntermedlate-power amplx-ler stage enployed twc Gamxatron type 54 tubes I" a posh- 
pull trlpler circuit The elgbth harmonx of the crystal frequency was Impressed 
upon the grids of these tubes afld tre plate crcult Tuned to the third harmonic of 
the drlvlng frequency or the twenty-fourth harmanlc of the crystal frequency The 
output of thx stage was also co"pled to t'-e fIna power ampllfler by means of a" 
mductlve link. The power am@~Ler wzs a neutralized class "C" fundamental ampll- 
fler using two Gammatron type 54 tubes 1" a push-pull cvcult. The ti-ansmsslo" 
line type plate tank was resonatea by means of a balanced cordenser and was Induc- 
tlvely coupled to the tmn conductor shIelded transmsslon line by a" adJustable 
pxk-up loop. 

A power supply using a selenium rectlfler gave protective gi-ld-bias to a:1 
stages The crystal oscillator and all frequency multlplylng stages obtaIned thex 
direct-current plate and screen potentials from two 866-A tubes 1" a single-phase 
full-wave rectLf1er Plate voltage for the Intermediate-poiier-ampllf~er and power- 
ampllfler stages was obtalnea tram a high-voltage drect-current suppiy using two 
872-A tubes I" a single-phase full-wave rectlfler cxcult Overload and tine- 
delay relays were used to ,*lve a,UFle crcult protectlo". 

The roof of the trailer was approxw,ately twenty feet long and eight feet 
mde and was covered alth No 26 guage galvanized lro". A catwalk, two feet vnde 
and nIneteen feet long, was installed along the center line of the roof Tbu rIgId 
catmlk served as a support for the antenna mounting sockets The catwalk was 
bonded to the galvanized lro" roof by means of one-lnc- mde copper strap. Three 
cross-straps were also provlaed for eat, mounting socket to ImproVe the grounding 
between the sockets on the catwalk and the galvanleed roof. 

This procedure played a" lnportant part I" the design of the two arrays since 
no time could be used I" maklng adJustments of current "r phase when makIng the 
changeover In orde7 that a rnlnxvm, amount of time would be consumed 1" changing 
from one antenna array to another so that the avplane maklng the recordings would 
not be requved to land or oo unnecessary flylngwhlle waltlng for the antennas to 
be changed, It was planned that the trailer would be set up I" a give" locatlon and 
recordings taken of the one type of polarxatlon Ihe antennas would then be changed 
and another set of recordings would be made of the other form of FOhi"lZZ.tlO" There- 
fore, It was decided to x,stall two complete antenna systems n=th lndlvldual antenna 
terrmnatlons, current adjusting loads ana phasers which could be operated from a 
common translutter and mechanxal modulator. A schematIc diagram of the transmlsslo" 
lme connectmns are shown I" Flgure 5 All ti-ansmlsslo" lines were of the r=Qd 
copper pipe constructlo" mth the 170-ohm dual transmlsslon line separated and held 
I" posItIon by cerwc beads As ml1 be roted on the dramng, slots were cut I" 
the solId copper shield a quarter wavelength cacti side of the Junction point of the 
horizontal sldeband antennas and the vertical sldeband antennas A slmllar arrange- 
ment of slots was also used at the Juuctlo" point of the center antennas for both 
systems By placing these slots a quarter wavelength each side of the Junction 
points of each systen, a shorting Dar could be readily placed aci-ass the unused 
system, thereby electrxally dlsconnectlng It froa the rest of the systen mere- 
fore, I" changing from one system of polar~aatlo" to the other, the only other change 
necessary, I" addltlo" to changing the antennas, was to transfer the two shorting 
bars from one system to the other Under actual operating condltlons, It was found 
possible to change from one system of polarlzatlon to the other I" seven minutes 

The vertical antennas used I" this x,stallatlon were fed approximately 27 
degrees above ground. This design provided a system where the mpedance of the 
trans~ss~on line more closely matched the antenna impedance and requred a rnm~~,,, 
amount of 11ne termination Another advantage of thx tspe of antenna was that It 
did not requxe lnsulatlon at the base as would be necessary for a quarter wave-length 
antenna feed at Its base Experlmentai tests showed that when the antenna was 27 
degrees above ground and the upper portlo" of the antenna adJusted so that It would 
present a pure reslstlve load to the transrmsSlon lone, the Input resistance was 



approxxaately forty-seven ohms and produced a 1 5/l standing wave ratlo on the 70- 
ohm coaxla1 transmlsslo" hne A view of the complete vertical antenna 1s shown in 
Flgure6 The extended lower portlo" of the vertical antenna was provided for the 
purpose of adapting thx antenna to the same mounting socket orIgInally provided mth 
the trailer for supportIng the standard horizontal loops Provls~ons were made so 
that the outsIde shield of the coax~l line could be continued through the Junction 
box I" order to provide a return path far the currents traveling on the lnslde of the 
coaxial shield (see Figure 7) Figure 8 shows the horlsontal antennas I" place and 
connected to the two-mre transm~sslon line It ml1 be noted from the above photo- 
graphs that the coaxial lone feedIng the vertical antennas enters the box at one end 
and the dual transmlssvan 11~ enters directly o"poslte through the mushroom end seal 
The horlaontal antennas used 1" thx x,stallatlo" mere the standard locps used by 
tne Adml”Lstratlo” for range and 1oca11zer lnstallatlons The loops were mounted on 
a 2 l&Inch diameter alummum standard and xxi-e supported at a dxztance of l/2 wave- 
length above the counterpoxe The bases of these standards were lderrtlcal to those 
of the vertical antennas so that they could be used I" the same roof sockets 

A consIderable amount of attention xas give" to the problem of transferring 
from a balanced system to an unbalanced system as was necessary to feed the vertical 
antennas In view of the fact that the mechanxal modulator operated under condl- 
tlons of balanced input and output, It was necessary to devise a means of transferring 
from a balanced output to a coaxial line to feed the vertical antennas. The most 
practxal method for this partxular lnstallatlon was the addltlon of a half-wave- 
length se&Ion of l-~ne III one side of the dual transmxslon line This system pro- 
vlded a more rIgId ~nstallatlon and malntalned a nearly perfect balance when used 
to operate from a coaual line to a dual lme load or v1ce--~ersa, One disadvantage 
was the lntroductlon of a four-to-one Impedance rmsmatch between the ccanal and 
dual lmes. 

Adlustments and Ground Patterns 

A very important factor 1" connection wLth both antenna systems wzs the condo- 
tlon for operation of the radiators mthout parasltx currents Unless pi-ecautlons 
mere taken, the cent&- loop would Induce parasltlc currents I" the outer loops result- 
mg 1" a carrier radlatlon pattern which was no longer circular The lx,e lengths 
connecting the lndlndual sldeband antennas mere cut to the proper lengths so as to 
detune each antenna parasltlcally. The required 180 degree phase difference between 
the ho vertical sldeband antennas was obtalned by xxei-tlng a" addltlonal 180 
degrees of lx,e I" the tie line between the Junctlo" point and one antenna 

The antennas were spaced 120 degrees apart and, mth this spacing, a current 
ratlo of l-l 73-l ml1 provide a theoretxal con-se sharpness of 1 14 decibels at 
1 l/2 degrees, a nunor lobe clearance of 22 8 decibels and a" on-course to maximum 
slg"zl ratlo of 6 7 decibels. A theoretIca curve 1s plotted 1" Figure 9 

The current ratlo for each array was adJusted to approximate the above ratlo. 
This ratlo was obtaned by adJustlng the impedance of the current dlvidlng load 
connected across each line feedIng the sldeband antennas in order to dmslpate one- 
thrd of the power going to each pau of sldeband antennas This produced mtbx, 
the antennas a pwer ratlo of l-3-1 or the deared current ratlo of l-1.73-1 

Another rather important condltlon to manta" during the tumng-up process 
1s the xnpedance balance between the upper outlet of the bridge feedlng the center 
antenna and the lower outlet of the bridge feedIng the sIdeband antennas Although 
the mechanxal modulator lras deslgnea to operate Into a matched ti-ansrmsslon IME, 
a certain amount of mlsrratch can be tolerated wlthout produclng any 111 effects 
It was Important, however, that the two above-mentioned impedances be equal, but not 
necessarily equal to the characterxtx impedance of the transmlsslon lxrs by ma="- 
talmng these Impedances equal during current and phase adJustments It can be assumed 
that any change I" antenna currents would be entvely due to changes I" the current 
adJustrng impedance and not due to a change of bridge termxmtlng impedances One 
convement way of achlevlng this I" practxe 1s to ener~ee the upper bridge through 
one of the modulation transrmsslon 1~~s feedIng one side of the bridge and to dx- 
connect the transrmsslon line feealng the opposite side of the bridge. The dlsconnccted 



tra~srmsslon line 1s then shorted and a sensltlve radlo frequency detector Fonnected 
m place of the shorted transrmsslon line When the impedances presented by the 
antennas are equal, a voltage null ml1 appear at the detector By maklng slight 
lrpedance adJustme"ts by use of stubs I" the phaser of the lxre feedIng the sIdeband 
antennas, these mpedances can be kept very "early equal. 

Upon completion of t?e lnstallatlon, a complete set of ground patterns aas 
obtalned Figure 10 shows the ground patterns for the horizontal and vertxal 
arrays 

From an exarmnatlon of various fxld patterns It 1s apparent that boti- the 
horizontal and vertical arrays agree very closely imth the calculated theoretical 
pattern of Figure 90 It 1s lnterestlng to note that there 1s a "necking 1"" of the 
field pattern of the horleontal antennas that 1s absent I" the field patterns of the 
vertxal antennas Thx s&x18 pecullarlty was evldent In portable locallzer fxld 
patterns and vas found to be due to the rregular shape of the trader roof whxh 
acted as a counterpoise 

Flguures 1 and 11 show the horleontal and vertical antenna systems, respectively, 
mounted on the trailer roof 

AU-craft Flece1ver 

The ax-craft receiver used I" the polarlzatlon tests was a Western Electrx 
type 32A. Thx receiver was speclfxally deslgned for alrllne use and covered the 
frequency range of 109 to 111 megacycles for local~zer service and 119 to 133 mega- 
cycles far radio range and traffic control eervlces Figure 12 1s a photograph of 
the receiver 

The talanced antenna cx-cult was Inductively coupled through an electro- 
static shield to the first tunea clrcult Three tuned clrcults were provided be- 
tween the antenna c;rcult and the control grid of a 6AC7 rmxer tube to act as a 
band-pass filter and unsure t-e required Image reJectIon characterlstlcs The 
heterodyne oscillator voltage was InJected Into the control grid of t&e muer stage 
by capacltlve coupling The heteroayr.e oscillator voltage was produced by a vanable- 
frequency oscillator and a harmonic multlpller wlch used two type 955 tubes. The 
varlaole-frequency osclllatar operated I" the band of 44 to 49 megacycles 

Three stages of 13-megacycle Intermedxate-frequency ampllflcatlon followed 
the rmxer staze The shape of the mterrredlate-frequency response carve was such as 
to provide a band .ndth of npproxlmately 115 kIlocycles at 6 aeclbels attenuation 
2nd 395 kIlocycles at 60 decibels A type bAB7 tube was used I" the first Inter- 
nedlate-frequency stage and two type 12SG7 tubes In the other two 1ntermedlate- 
frequency stages. A type 12SQ7 multi-purpose tube served as a drade detector, auto- 
matIc volume control and first audx ampllfler Another type 12SQ7 tube acted as 
a noise llrmter and codan or carrier operated noise sup?ressor A type 12X7 tube 
was used as a bias oscillator and Its rectlfled output was used ho obtain negative 
voltage for the operation of the delayed AVC system 

The output of the detector system was used to feed both a dual output voice 
channelarran~errent using two type 12~6 tubes and the vx"~.l output tube vrrlch 1s 
a type 6SN7GT tuoe Resistance-capacity low-pass and hxgh-pass filters wei-e placed 
I" the visual and voice channels, respectively me ala10 frequency response of 
the aura1 channel was attenuatea 28 decibels at 100 cycles, 5 decibels at 400 cycles 
and 8 5 decibels at 4,000 cycles from the response obtalned at 1,000 cycles 

The xtsual output was cau?led to two band-pass filters I" parallel whxh 
pass the 90-cycle and 150-cycle modulation frequencxs The output of the two 
filters was applied to copper-axlde rectlfler units which were connected I" a 
balanced brldge clrcult. Two crossed-pointer instruments co"nected 11, parallel 
were operated by t"e rectlfled difference of the twc voltages The 1*strume*ts 
used III these tests were the new standard type (1-101-C) which differ slightly from 
those previously used by the Admxzstratlan A photograph of one of the x,struments 
used 1s show" XI Figure 13 



hlrcrnft Fiece1vlne Antennas 

A stindard U-type ax-craft recelvlng antenna was used for receptlo" of hoi-l- 
contally polarmed s~gnnls This antenna was designed prmarlly for the receptlo" 
of l"callzer signals and R2.S retmed to operate at 125 4 megacycles for these tests. 
A photoga?h of ti-1s antenna 1s srovrn I" Fleure 14 The au-<raft used for these 
tests, a Lockheed Moael 10, was equ=,xed wit" a broad-band vertical mte""; for 
cperat1on over a mde range of irequencles I" the vlclnlty of 125 meg2cyc1es Thu 
antenna which 1s shown I" Figure 15 was used for the receptlo" of >ertxaily polar- 
lzed s1@uls Whhlie there are two vertical anten-as shorn I" Flgui-e 15, only the 
rear, or right-hand one, was used The fr-nt antenna was remored durmg this I"- 
vest1gatmn 

Recordmg Equpmnt 

The drect current flowmg I" the crosseo-pomter mstrment cmcuts was 
appixd to a standard aircraft direct-current ampllfler to obtal" sufflclent poten- 
tml for full-scale recoralngs on ar Esterlxe-Angus O-5 mllmmpere graphx recorder 
The duect-current ampllfler oseratrd froq t'le ax-craft 24->olt power supply The 
recorder was adJusted so that zero signal would lnolcate at the center of the recoraer 
chartwhlle full-scale crossed-pomter deflectlons to the r1gti-t or left would cause 
scproxmately 75 percent of full-scale recorder de'lectlons I" the sa"~e crectmns 
The direct-current mpllfler was balanced to mdxate at the center of the chart 
when tpe au-plane was on course All recordmgs were calibrated to shm the mgnltuie 
of anpilfxatmn The cu-cle a5 the center o; the mstrment nas consIdered to be 
one dot and subsequent dots to be two dots, three dots, four dots and five dots 
Visual course mdth was measured I" terns of 5 cots to 5 dots on the ="mcator The 
filter wput voltage was ad,,usted to ~rovl're 20 degree (plus or minus 10 cegrees) 
courses under these condltlons. 

The percentage of SC2llOplng NS computed by measur1"~ V%"tlCalljr along the 
chart the greatest separatmn between maxuna a"c rmnmm of aeilatlov that occurred 
between the full-scale (5-c&) deflectmn polntn, ant dlvldmg by the distance on 
the chart representlw full-scale (5 dots) rIgi-t to full-scale (5 sots) left on the 
crossed-pomter mdxatar 

The follomng Important ;tems vnera mantau,ed at constaqt values dwlng all 
of the flight tests 

Filter voltage - 20 volts (Csntrol "ever chanzed after uutl.ll adJustment) 

Altitude - 2,000 feet abo>e the statlon 

Indicated au-speed - 155 riles ?er how 

In order to expedite the flight test program, flouna-to-zrcraft colrunlcatlon 
was acco,~pl~,ed by voice traxnlsslo" thrnugh the trailer equpment, wblle arcraft- 
to-ground corrxrumcat1on was provldeo through very-high-frequency communlcatlons 
channels Thus, lnstructlcns for moving t,be tra11er or c+lang1ng artenna systerrs 
could be give" from the plane, We message acknovrled,red on the ground, and the desrtd 
change made mth a IU"MRJDI of delay 

TESTS 

R+mary Testt 

A conclderable "umber of prelu,uary flight tests ~rei-e nade with the trailer 
located at a fairly sutdble locatIon where It could be deterrmned If the equpment 
functioned-properly The site selected was unredlateiy adJace"t to the "~7 qorth- 
south runnray on We Nest side of the field at a pant approxvately 1600 feet from 
the north enc. The site wab clear of any reflecting obJects ,,lth the exceatlo" of 
another fxed 125~megacycle radio range lnstallatlon aoprorlnately 600 feet removed 



With the trailer posltloned to provlae east-west courses, excellent cross-course 
records mere obtaned for both palarleatlo"s The vertlcallp polarized ante"w. 
system, however, was found to have a considerable amount of "attitude effect" during 
flights on course. That 1s) a"y change I" attltuds of the axplane caused an appre- 
clable movement of the lndlcator although the posltlon of the airplane, with respect 
to the course, did not change. Thx same effect resulted I" "pushing" of the course 
when approachx,g from an off-course posItlo" If the course was approached at right 
angles and a 90Aegree turn made at the point where the crossed-pomter meter Indl- 
cated 'Ion--courseI~, the lndxator would show a consIderable "off-tours@ readlng upon 
ccmpletlon of the turn 

mhen the traller.was posItIoned for north-south-courses, the same results were 
obtalned except that the cross-course recording on the south course of the horlnon- 
tally polarized antenna system contaIned a slight amount of scalloprig that was not 
observed for the vertxally polarleed system. The scalloping -as presumed to be 
caused by reflectlox from the nearby horizontally-polarxod 125-megacycle range 
system The same degree of "attitude effect" and rlpushlng" was noted on the vertl- 
tally polarized system when the courses were oriented nortl- and south The hoi-Isa"- 
tally polarleed system was absolutely free from this effect For this Investlgatlon, 
It was felt that the cross-course recordings would provide the greater part of the 
desired Information, vrhlle the on-course records would supply only supplementary 
data 

Although It was determrned that the "attitude effect" did not cause any 
rregularltles m the cross-course records, an effort me made to ellmnate the 
condltlon. 

Ground measurements were made to determIne the relative amount of the oppo- 
ate polarlzatlon mth each array It was found that approximately 12 Dercent of 
vertical polarleatlo" exlsted I" the horlaontal systerr nhlle approxrmately 8 per- 
Cent of horizontal polarxzatlo" exxted I" the vertical system At that tvne lt 
was decided to extend the sides of the counterpoise by fastening some galvanlaed 
Leon sheeting to the sides of the catwalk and allowwg 1t to extend out over the 
side of the trailer. Tins arrangement made tPe surface of the counterpo~e more 
urnform and provided a counterpoIse area of twelve feet by twelve feet. After m- 
creasing the counterpaxe surface, ground cresks were agal" made and It was found 
that the horlsontal polar1zatlon 1" the vertxal system was reduced to about 3 per- 
cent. 

On-ccurse flight tests with thx arrangement showed only a very slight em- 
provement. Since the cross-course recordings were of prxnary Interest I" the ~nves- 
tlgatlon, 1tna.s decided to proceed rrlth the outllned program. Flight recordings 
of the prellrmnary tests are shomn I" fIgares 16 to 19, ~ncluslve. Figures 16 and 
18 are cross-course recordings. Each polarleat~on 1s directly comparea on each 
Fl2"E. 

BulldIng Tests 

The bulldIng tests 7yere dlvlded Into two dlstxxt groups, one with the trailer 
located at a point at right angles to the front side of the Experimental StatIon 
bulldIng, and one nlth the trailer located at an angle of 45 degrees from the side 
of the hulldlng. Three different course orlentatlons were provLded for each group 
of tests, one with the courses perpendicular to the side of the bulldxg (north- 
south), one vnth the courses parallel to the side of the bulldIng (east-west), and 
one irlth the courses at a 45-degree angle (northeast-southwest) Northwest-southeast 
course8 were also tested for the trailer locatlon at 45 degrees to the stde of the 
bulldly The Fxperlmental StatIon bulldmg 1s 120 feet long, 150 feet deep and 30 
feet high. The heqht of the bulldlng increases to approximately 36 feet along the 
side used for the tests along a 45-degree line and contains conslaerable netalllc 
surface. 

The most desxable distance for the placement of the trailer from the bulldIng 
was deterrmned by the amount of scalloping desired If the scalloping were too great, 



then the recorder chart mdxatlons would be so nolent that dlffxulty would be 
encountered in computing the percent scallopmg If, on the other hand, the scal- 
lopmg were too small, the desned accuracy would not be obtamed. An average 
amount of approxmately 20 percent scallopmg ms detemmed to be the best condl- 
t1on . Re'nous tests at this locatmn lndxated that the trailer should be located 
400 feet from the bulldmg for the best results. 

Cross-course tests were made at distances varying from ten and one-half to 
fifteen miles from the tra&zr dependmg upon convenient check pants. Tests were 
also made at a dxtance of one mile from the statmn The results of the tests made 
on x lme perpendxular to the buildmg a-e shown =n Figure 20 An aerml photograph 
showmg the location of the test pant 1s Included on the chart as nell as the result- 
mg percentages of scallopmg for each course 

The correspondmg on-coume recordings are shown =n Figures 21, 22 and 23. 
A callbratmn of recorder chart deflectmns agamst crossed-pomter dot deflectmns 
IS shown at the end of each recordmg 

The results of the fhght tests made with the trailer located on a line makmg 
a 45-degree angle to the sides of the bulldmg are show, in Flgwe 24 A cross-course 
test on the northwest course was made at three tifferent dxtances (5, 10 and 15 ,&es) 
to determme lf any varlatums I,, the extremely severe scallopmg could be noted. No 
particular varmtlon was noted except that the scallopmg appeared to become more 
severe at greater distances. The effect of xxreaslng percentage of scalloping mth 
mcreasmg distance had never been observed prevmusly and 1s belleved to be n&Ice- 
able only when extreme scallopmg occurs. This test was made usmg only the honzon- 
ta1 antenna system The results of this particular test are shown in Figure 25 The 
on-course recordmgs correspondmg to the cross-course records of Fqure 25 are shown 
in Figures 26 to 29. mclus~ve An analysis of the scallopmg measured dui-mg the 
bulldmg tests 1s shmn XI Table I. 

TABLE I 

Locatmn Course Information 

Horizontal vert1ca1 
Pol2.rizatlon Polarlzatlon 

Percent Percent 
Scallopmg sca11opmg 

Perpendxular N course - through bulldIng front 32 percent 9 percent 
to bulldIng S course - opposite bulldmg front 12 14 

NE course - 45" to bulldmg 10 17 
SN course - 45" to bluldmg 23 22 

E course - parallel to bulldmg front 15 13 
B coui-se - parallel to bulldmg fro-t 5 l4 

45" from side N com-se - parallel to bulldmg side 11 15 
of bulldmg S course - parallel to bulldmg side 20 10 

NE course - through bulldmg 11 12 
SV cmxse - opposite bulldmg 5 
E course - parallel to bulldmg front lb 2: 
W course - parallel to bulldmg front 15 15 

SE course - 45' to bulldmg sides 27 
NV course - 45' to buldmg sides i$ 112 

Maxlmm Scalloping 83 percent 112 percent 
MlNmum sca11op1ng 5 7 
Average Scallopmg 20 22 

J 



Wre Tests 

Some dlfflculty was encountered I" locating a smtable site for the vmre lone 
tests where no other reflecting obJects existed The site finally selected vras 
approximately one-half mile northwest of the Experimental Statlo" "ear the Junctlo" 
of two branches of the Pennsylvania Railroad At this pant there are a considerable 
number of xii-e lines along the raIlroad right-of-way The elevation of the lines 
varied from 8 feet at the top and 3 feet at the bottom to 20 feet at the top and 12 
feet at the bottom. The greatest elevation was Immediately I" front of the trailer 

The fxst flight test at this location *as made mth the trailer located 400 
feet from the highest point on the lmes It was found that there was lnsufflclent 
scallopr,g at tills pant for the required accuracy, so the traler was moved to a 
point 300 feet from the lines This locatmn provided about the deswed amount of 
scallaplng and was used 1" the i-emalnce~ of the tests The prellmlnary wxre-ilne 
test lndlcates that a large number of lines do not result 1" as much scalloping as 
that caused by a buldlng of the slee of the Experimental Statlo" This 1s probably 
due to the much lower height of the mres 

Cross-course flight tests were made at distances vamng from 10 5 to 15 
nules as well as one mile frorr tiw tra11er The resultx,g flight recordings are 
arrsnged I" a manner slrmlar to that used for the bulldIng tests The results of 
the cross-course tests are shown I" Figure 30 Althougt the recordings are labeled 
North, South, East, 'Nest, etc , the tests were conducted mth the courses orIented 
about 15 degrees from these dx?sctlons so that the courses would be actually pa-al- 
lel to, perpenaxular to or at 45 degrees lvlth the wire line 

The corresponding on-course recordings are shown I" Figures 31, 32 and 33 
A surmary of the scalloping encountered durlng the wire-lxx+ tests 1s shcrwn I" 
Table II 

TABLE II 

CoursE information 
Horleontal Polarleatlon vert1ca1 Polar1zatLon 

Percent Scalloping Percent Scalloping 

North course, through vnres 
South course, opposite wires 
Northeast course, 45" to mr'es 
Southwest COUTSP, 49 to >nres 
East course, parallel to mres 
west course, parallel to wires 

15 percent 
11 

3: 
35 

6 

13 percent 
18 
23 
lb 
32 
24 

Maximum Scalloping 
h"lmJm Scalloping 
Average Scalloping 

'2 perce"t 
18 

32 percent 
13 
21 

Tree Tests 

The first tree test was made at a locatlon which was considered to be a typlcal 
site that could be found ~TI most parts of the country for x,stallatlon of veq-high- 
frequency range facllltxs A clearing was located a few rmles southwest of the 
Indianapolis ax-port where no trees or brush exIsted closer than 360 feet The site 
was completely surroundea by trees whose distance from the selected trailer site 
varied from 360 feet to 780 feet The height of the trees varied from approxunately 
b feet to 70 feet. The average height was about 45 feet. The vertical elevatlo" 
an&s from the trailer site to the trees are shown I" Figure 34m 

Cross-course flight tests were made at a" average dxtance of 13 miles and at 
one mile The results of these tests are shown I" Figure 35 The corresponding 
on-course recordings are shown 1" Flpes 36, 37 and 38 Table III contans a 
sumnary of the scelloplng encountered during this group of tests 



TABLE III 

course I"t-"rmatlo" 

North course 
South course 
Northeast ccurse 
Southwest course 
Fast Course 
west course 

Horlaontal Polarlzatlon 
Percent Scall"p~"g 

29 percent 
38 
44 

2 
27 

vert1ca1 Polarlaatlo1 
Percent Scall"pl"g 

65 percent 
86 
41 

2 
44 

m?zmum Scalloping 
MYL"lmum Scallopmg 
Average Scallopmg 
- 

44 percent 

:z 

86 percent 
41 
56 

A second group of tree tests wei-e conducted on a somewhat isolated group of 
ti-ees on the south side of the Indxmapol~s aIrport The purpose of this group of 
tests xms to detemne the effect of one group of trees upon course scallopmg as 
compared to a con&tlon mhere trees exlsted all around the site The tra11er was 
located 525 feet from the ml" front of the trees and tests wsre conducted sm~~lar 
to the precedmg group The only trees of any appreciable size were located between 
180 and 250 degrees of azlrrmth from the trailer site. All other obstructlons were 
below a vertxal angle of 1 5 degrees The vertxal angles from the trailer site to 
the trees wlthm the aslmuth angles of 180 to 250 degrees are shown on curve A of 
FQU-~ 39 The results of the cross-courss tests are shown I" Flgure 40, mth the 
correspondmg on-course recordmgs sham 1" Figures 41, 42 and 43 A sunumry of 
these tests 1s Included m Table IV 

TABLE IV 

Hor~ontal Polzrxatlon Vertical Polarlsatlor 
Course Information Percent Sca110p1*g Percent Scall"pl"g 

North course, opposite trees 30 percent 40 percent 
South course, M-rough trees 41 85 
Northeast course, 45'= to trees 21 48 
Southwest course, 45' to trees 32 61 
East course, parallel to trees 24 72 
west colxse, parallel to trees 19 58 

MaxUnm Scall"pl"g 41 percrnt 
k!?L*1mwn Scalloping 19 
Average Scallopmg 27 

a5 percent 
40 
61 

A group of panormc photographs shomng the obstructions near the sites for 
the building, wzre and tree tests are show" m Figure 4L. 

The same group of trees -as used to mke a further 1"vestlgatmn to determne 
the effect of dxtance from the trees upon the resultmg scallopmg The courses 
were oriented for north-south operation only The trailer was located at posltlons 
525 feet, 825 feet and 1125 feet from the face of the trees. The vertlcal angles 
to the trees from each site location are shown I" Flgure 39. The flight technique 
for this test was sxnllar to the preced1ngtest.s. The results of the cross-cowso 
tests are show" 1" Figure 45, while the on-course recordings are Included I" Figures 
41, 46, and 47. 



Table V IS a sumary of these tests and Figure 48 shms a graphIca analysis 
of the results obtaned Figure 49 1s a group of panoranc photographs taken from 
the sites used for the tree-dxtance tests. 

TABLE V 

mstance course Information 
Horleontal Polarlzatmn vert1ca1 Polarlaatlor 

Percent Scallopmg Percent sca11opmg 

525 feet North course, opposite trees 
South course, through trees 

825 feet North comse, opposrte trees 
South course, through trees 

1125 feet North COWS~, 0pposlte trees 
Soutt course, through trees I 

. 

DISCUSSION 

A summary of the results of all of the tests 1s mcluded na Table VI 

TABLE VI 

Type of Test 
Hornontal Polanzetmn vert1ca1 PolarlzatFon 

Percent Scalloping PPrcent Scallopmg 

Bulldmg Average 
ml-es 20 percent 
Trees (generally located) 34 
Trees (one group) 27 

l4 
29 

6 
15 

40 percent 
85 
15 
17 

9 
14 

Average 
22 percent 

2," 

From this table It can be seen that there 1s very little chmce between the 
two types of polarxatmn at sites where reflectmg obJects are bulldmgs of the 
SIZE used for these tests The two percent dlffewntul between the two types 1s 
considered of little consequence kmg the buldmg tests, It was noted that one 
polaneatum wa5 better at home locatmns or angles while the reverse uas true far 
some other location oi- angle 

Although It would seem reasonable to suppose that vertical polarnatmn would 
be supermr to horxmntal polanzatmn where reflections from mre lx-es were con- 
cerned, this assumptmn 1s not confu-md III Table VI 

There 1s a very defnnte comparxon between the two types of polarm.atmn where 
rsflectmns from trees are considered Table VI shows apprommtely a 2 to 1 differ- 
ence III the average percentage of scallopmg u-, favor of horizontal polaruatmn. 
It 13, therefore, concluded that honzontal polarmatm, IS greatly superlor to 
vertical under these condltlons In fact, since there appears to be so little dlf- 
ference betneen the two types of palanzatmn under other cond1t~ons of reflectm,, 
It 1s concluded that horizontal polarlzatmn should be used for all very-high- 
frequency radm range facllltxzs From the tree-dmtance tests where only one small 
group of trees 1s the prumry reflectrig medium, It appears that the dlfferentml 
between the two types of polarnatmn decreases with &stance until, at great dm- 
tances, there 1s only a slight tifference The use of horizontal polarlaatmn, 
however, should considerably decrease the amount of tree-clearmg necessary I,, 
heavily-tmbered country for flyable cmn-ses 



The folkmmg conclusrons are reached regardmg the most desirable tme of 
polarlaatum for very-high-frequency two-course visual radio range systems 

Buildings (of type tested) - No choxe 

Yhres - No choice. 

Ti”ee.3 - Defuntely horizontal. 

General Conslderatmns - Defmltely horvmntal 

Re desrablllty for honeontal polarlzatmn decreases xnth the distance to 
reflectme obJects until, at great distances, there LS little choxe For ordmary 
radio range site contitmns, however, where trees are the mayor cons~deratmn, 
horxmntal polarleatmn would be defmltely supermr to vertxal polarmatxm 81nce 
fewer trees would have to be cleared for equvalent CDUTS~ scalloping. 









Figure 4 Block Dmgram of Transmmer 

F,gure 5 Block Dmgram of Complete Range System 



Figure 6. Vertical Antenna. 



Figure 7. Antenna Connection Arrangement for Vertical System. 



Figure 8. Antenna Connection Arrangement for Horizontal System. 



HORIZONTAL FIELD PATTERN 

COURSE SHARPNESS AT I 5’ Il4DB 

MINOR LOBE CLEARANCE 22 6 DB 

ON COURSE/MAXIMUM SIGNAL 6 69 DS 

Ftgure 9 Theoretical Hormntal Field Pattern 







Figure 12. The Aircraft Receiver. 

















“mT,CAL POLARIZATION YERTICAL POLARlZATlON 

. 

Figure 20. Cross -Course Recordings Showing the Effect of Course Orientation Upon Scalloping 
with the Portable Range Located 400 Feet South of the Experimental Station. 
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Flgvre 24 Cross -Course Recordmg. Showrng the Effect of Course Onentanon Upon Scallapmg 
web the Portable Range Located 400 Feet Southwest of the Expermental Statmn 



Figure 24A. Portable Range Located 400 Feet Southwest of the Experimental Station. 

78% SCALLOPING 
HORIZONTAL POLARIZATION 75” F 

CROSS-COURSE RECORDING FLYING SOUTHWEST ACROSS 
NORTHWEST COURSE 10 MILES FROM RANGE STATION 

85% SCALLOPING 
HORIZONTAL POLARIZATION 75°F. 

CROSS-COURSE RECORDING FLYING SOUTHWEST ACROSS 
NORTHWEST COURSE 15 MILES FROM RANGE STATION 

100 % SCALLOPING 
HORIZONTAL POLARIZATION 75°F. 

Figure 25. Cross-Course Recordings of the Northwest Course at 5, 10 and 15 Miles from 
the Portable Range Located 400 Feet Southwest of the Experimental Station. 











7o’F HORIZONTAL POLARlZATlON 
105 MILES NORTHCOURSE 

70-F YERTKAL POLARIZATION 

7O’F HORlZONTAL POLARIZATKIN 
12 MILES NORTHWEST COURSE 

VERTICAL POLARlZATlON 70’ F 

HORlZONTAL POLARIZATION 70. F 
5OUTHWEST COURSE 15 MILES 

HORIZONTAL POLARlZATlON 75’ F 
WEST COURSE 13 MILES 

1 MILE VERTICAL POLARlZATiON 

75’ F HORIZONTAL POLARIZATION 
13 MlLES EAST COURSE 

75’ F VERTICAL POLARlZATlON 

Figure 30. Cross-Course Recordings Showing the Effect of Course Orientation Upon 
Scalloping with the Portable Range Located 300 Feet from Wire Lines. 
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75’ F. vERncAL‘PoLARIZATION 

75’ F. HORIZONTAL”POLARIZATION 
12 MILES NORTHEAST COURSE 

75’ F YERTlCAL POLARIZATION 

BO*F HORIZONTAL POLARlZATlON 
13 5 MILES EAST COURSE 

1 MILE 

80-F VERTICAL POLARIZATION 

SCALLOPING IN PERCENT OF 4 DO1 
TO 4 DOT DEFLECTlON 

“‘R&CT~O~50F HORIZONTAL VERTICAL 

NORTH 29% 65% 
NORTHEAST 44% 41% 

EAST 4496 46* 

HORlZONTAL POLARlZATlON 75’F 
SOUTHCOURSE 12 MILES 

VERTICAL POLARIZATION 75-F 

HORIZONTA; POLARIZATION 75’ F 
SOUTHWEST COURSE 15 MlLES 

“ERTKAL POLARIZATION 75’ F 

HORIZONTAL POLARIZATION BO’F 

WEST COURSE 13 5 MILES 

VERTICAL POLARIZATION BO’F. 

SCALLOPING IN PERCENT OF 4 DOT 
TO 4 DOTDEFLECTION 

Figure 35. Cross-Course Recordings Showing the Effect of Course Orientation Upon 
Scalloping with the Portable Range Located for First Tree Tests. 











HORI2ONTAL”POLARIZATION 
105 MILES NORTH COURSE 

80-F “ERTlCAL POLARIZATION I MILE VERTICAL POLARIZATION RO’F 

HORIZONTAL POLAWZATION 
12 MILES NORTHEAST COURSE 

85’F YERTICAL POLARIZATION - I MILE 

85’F HORIZONTAL-POLARIZATION 
135MlLES EAST COURSE 

85’F VERTICAL POLARIZATION 

SCALLOPING IN PERCENTOF~ DOT 
TO 4 DOT OEFLECTlON 

DIRECTION OF HORIZONTAL YERTICAL 
COURSES 

NORTH 
NORTHEAST Z?,” :80; 

EAST 24 % 72% 

I MILE HORIZONTAL POLARIZATION 
SOUTHWEST COURSE 15 MILES 

VERTICAL POLARlZATlON 85’F 

I MILE 

HORIZONTA; POLARIZATION 
WEST COURSE 13 MILES 

VERTICALbOLARIZATlON 85-F: 

SCALLOPING IN PERCENTOF 4 DOT 
TO 4 DOT DEFLECTION 

DIRECTION OF HORUOKTAL “ERTKAL 
COURSES 

Figure 40. Cross-Course Recordings Showing the Effect of Course Orientation Upon Scalloping 
with the Portable Range Located 525 Feet from a Group of Trees. 
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HORI2ONTA;POLARl2ATlON 
10 5 MILES NORTH COURSE 

WF VERTICAL ;OLARlZATlON 

HORlzONTAL POLARIZATION 
105 MILES NORTH COURSE 

1 MILE 

WE VERTICAL POLARIZATION 825 FEET FROM TREES 

~~~~~~~~ 

I iir 

88’ F HORlZONTAL POLARIZATION 1 MILE 
10 5 MILES NORTH COURSE 

BB’F ~ERTICALbOLARIZATION 

SCALLOPING IN PERCENT OF 4 DOT 
TO 4 DOT DEFLECTION 

DIWC;~t4sOF HORIZONTAL “ERTKAL 

1125 FEET FROM TREES 

HORIZONTAL WLARlZATlON M’F. 
SOUTH COURSE 12 MILES 

VERTICAL POLARIZATION WF. 

VERTICAL POLARlZATlON BB’F. 

VERTICAL POLARIZATION 88-F. 

SCALLOPING IN PERCENTOF 4 DOT 
TO 4 DOT DEFLECTlON 

Figure 45. Cross-Course Recordings Showing the Amount of Scalloping 
Encountered with the Trailer Located 525, 825 and 1125 
Feet from a Group of Trees. 







Flgure 48 The Effect of Distance upon Course Scallopmg wth Each Type of Polar~zatmn 



f 3 

M
 

Y
 


