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THEFOUR-LOOPVORANTENNA 

SUMMARY 

In an effort to ,mp=ove the accuracy of 
the VHF ommrange (VOR). a new four-loop 
antenna system wh,ch mcorporates a means 
to reduce polanzatlon errors was developed 
by the Techmcal Development and Evaluation 
Center of the Civ,l Aeronautics Admmlstra- 
ho” Tl,,s report describes the antenna. the 
method of excltmg the loops. and the flight 
tests and measurements 

The improvements in a VOR “smg the 
four-loop Instead of the conventIona five- 
loop antenna are best Illustrated by comparmg 
the results of fl,ght tests The maximum 
pola=,zat,on e==o= measuredon flight checks 
of the four-loop VOR w,th polarleer was 
*O 7” compared to fZ 1’ for the five-loop 
VOR The maximum bearmg error obtamed 
with the four-loop VOR was *O 75’ The 
cone, or reg,on over the top of the statlon, 
of the four-loop VOR 1s very na==ow and 
provtdes excellent pos,t,on mdlcat,on over‘ 
the statlon This 1s dIsplayed on the TO- 
FROM mete= by a movement of the pomter 
from the TO to the FROM pos,t,on as the 
arcraft passes over the VOR 

INTRODUCTION 

The present CAA VHF omnlrange ln 
use on the Federal A,rways uses a five-loop 
antenna system 1 This system has given 
very satxfactoryservlce, but with the devel- 
opment of new techmques m flymg the VOR 
and the development of course-lme and 
plctarlal computers. greater accuracy was 
desired The prmapal obJect,ves were to 
,mp=ove the cone characterlstlcs and to 
reduce the polar~xatmn e==o= to a negllglble 
value A more dlfflcult problem studled was 
that of reducmg the bearmg error 

The ,==egula=lt,es in the cone of the 
five-loop VOR are known to be a result of 
the fact that the carrier loop 1s at a dlfferent 
height above the counterpoIse than are the 
sldeband loops An excellent cone havmg 
the desired characterlstlcs was obtamed by 
removmg the fifth loop and feedmg carrier 
power through a bridge network to the 
stdeband loops 

1 H C Hurley, S R Anderson, and 
H F Gary. “The CAA VHF Ommrange,” 
CAA Techmcal Development Report No 113, 
June 1950 

Smce Uskon cloth was effective in re- 
ducmg pola=,zat,on e==o= from the five-loop 
antenna, It was also t=,ed on the four-loop 
but was found to have 1,ttle effect Other 
methods, such as a cage of alummum rods 
entirely surroundmg the loops, substantially 
ellmmated polarzztwn e==o=, but the struc- 
ture was large, expensive, and would require 
e x c e 5 s I” e mamtenance A satisfactory 
means of reducmg such e==o= was devised 
I” the development of a polarzer This 1s 
small enough to be mstalled as a part of the 
antenna array and requires only mlno= modl- 
flcatlons to the present antenna shelters 
The development and appllcatlon of such 
a polarizer to the five-loop VOR array. 
although possible, was not pursued because 
there would st,ll =emaln the problem of 
lmprovmg the cone characterlstlcs 

This report presents the results of the 
development and operational tests conducted 
at TDEC on the four-loop VOR antenna sys- 
tem Except for the antenna, standard VOR 
equipment and a 35-foot d,ameter counter- 
poise 15 feet in height were used for the 
tests Results from slmllar tests on a 
standard five-loop VOR at the same site are 
mcluded for comparison 

DESCRIPTION 

The new antenna array 1s composed of 
four loops such as those now used as side- 
band antennas at a standard VOR faclllty 
The loops are mounted at the co=ne=s of a 
square. as shown in F,g 1, and a=e 48 mches 
(approximately one-half wavelength) above 
the counterpoIse Each d,agonal par of 
loops 1s driven from an output of a gomome- 
ter and produces a figure-of-eight pattern in 
*pace All four loops are s,m”ltaneo”sly 
driven in phase with ca==,e= frequency CUT- 
rents Modulatmgthls ca==le=~s a 9960-cycle 
per second (cps) subcarrIer which ,n turn 1s 
frequency-modulated with a 30-cps s,gnal 

In order to excite the four loops s,mul- 
taneously from three separate generators, a 
double bridge c,=c”lt ,s employed Th,s per- 
mlts lsolatlon of one generator from the 
others The double VHF bridge 1s made of 
RG-B/U coaxxal cable and Type N flttmgs 
Fig 2 shows a schematIc diagram of the 
bridges and the connectIons to the loops 

A successful means of reducmg ve=t,- 
callypolarlzed radlatlonwas obtalnrd through 
use of a parasltlcally excited array. called a 
polarizer, mounted above the four loops on 



the DME antenna pedestal as Illustrated in 
Fig 3 The polarner consists of four ver- 
tlcal elements of 3/4-mch outslde diameter 
(OD) alumnum tubmg 27 to 29 Inches in 
length These elements are fastened at the 
lower end to a hub of cast alurmnum The 
hub provides rlgld support for the rods, and 
no other means of support 1s necessary 

In order to accommodate the polanzer, 
It was necessary to modxfy the antenna shel- 
ter The vertical rods protrude through the 
top openmg, which ,s used for ventllatmn, 
makIng It necessary to provide an extensmn 
for the rain shield This extension 1s 13 l/2 
Inches long, I8 7/8 ,nches m diameter, and 
IS made of the same marenal as the antenna 
shelter A sketch of the antennas, polanzer, 
and modified shelter 1s shown in F,g 4 A 
photograph of the four-loop antenna 1s shown 
in Fig 5 

MEASUREMENTS 

Tests conducted to determme the opera- 
tlonal characterlstlcs of the four-loop antenna 
array Included field-strength measurements 
to obtam horizontal plane patterns, nnpedance 
m e as ur em e nt s to determme m,pedance 
matchme reau,rements. and course denatmn 

Horizontal plane patterns of each stde- 
band par of loops were obtamed by feedmg 
radio-frequency (r-f) power duectly to each 
sideband Input and plottmg the relative field 
strength for each 20’ pos,tmn of the array 
through 360” The patterns obtamed are 
shown in Fig 10 The nulls obtamed were 
separated 180’ +O 5’ The carr,er horxxmtal 
plane pattern was obtamed by feedmg r-f 
power to all four loops at the carrier mput 
of the bndges and by plottmg the relative 
field strength for each 40” posItIon of the 
array through 360” The relative field 
strength was nearly constant at each settmg 
of the array. and It IS plotted ,n Fig 10 

Bearmg error checks were made by 
companng the variable phase with a phase 

Fig 2 Schematic Diagram of R-F Bndges 
and Loop Connectmns 

mdlcator (CDI) readmgs to determlne the 
polanzatlon and bearmg errors 

The lengths of the transnusslon In-es 
which ,om the two bndges and the lmes which 
,om the loops to the bridges were adJusted 
for m~n,mum standmg-wave rat,os The 
standmg-wave measurements were made at 
the carrier and sldeband Inputs to the bndges 
and use a slotted lme and probe detector 
Figs 6 and 7 show a plot of the lme lengths 
versus the frequency, and Fig 8 1s a plot 
of the standmg-wave rat,os wh,ch were 
measured The bridge mputs were matched 
with open stubs to the carrier and sldeband 
feed lmes Fig 9 shows the values of stub 

’ lengths and their posItIons. as those values 
are determmedfrom the voltage standmg-\nave 
rat10 (VSWR) measurements 



3 

Fig 3 Polarizer for Reducmg Polarreatlon 
Error 

standard and rotatmg the antenna array ll”s 
method was used because the measurements 
are very accurate and provide a precise 
method of comparmg the bearmg errors of 
different types of antenna arrays The vary- 
able phase voltage was taken from the mom- 
tor and compared with the voltage from the 
phase standard on an osc~lloscape The 
antenna array was rotated at mtervals of 20’. 
and the error was taken as the difference 
between the array angular readmg and that 
of the phase standard The maxnnlim error 
observed was +l 75’ The shape of the error 
curve IS quadrantal and mdlcates a differ- 
ence of 5 per cent in amplitude between the 
figure-of-eight patterns The amphtudes 
were e uallmed by msertmg a short length of 
RC-21 U 7 attenuatmg coaxial cable at the 
output of the gomometer The same length 
of K-B/U was Inserted at the other output 
to keep the electrical lengths of the lmes 
equal Wxth balanced figure-of-eight pat- 
terns, the bearmg error was reduced from 
a maxnnurn error of l l 75’ to 0 75’ Fig 11 

I I 
Fig 4 Modification of Antenna Shelter 

shows the bearing-error curves before and 
after the figure-of-eight p at t e r n s were 
equalmed 

Fig 12 shows the polarlzatmn error 
measured when the statmn was operatmg on 
114 8 megacycles (MC) and with the polarleer 
adlusted to the dnnenslons obtamed from the 
curves ,n Fig 13 These measurements 
were made in accordance w,th a procedure 
developed at th,s Center and described ,n 
another report 2 The p01ar1zat10n error was 
plotted for each 20’ rotation of the array 
through 360’. with the antenna array plate 
making good contact w,th the counterpmse at 
each settmg The m ax1 mum polarlZatl0~ 
error measured was +O 8’ For comparxon 
purposes. the polanzatlon error measured 
on a standard fwe-loop array “smg Uskon 

2 S R Anderson and W A Law, “The 
Measurement of VOR Polaneatlon Errors.” 
CAA Techmcal Development Report No 202. 
May 1953 



Fig 5 Four-Loop Antenna and Polarleer 

cloth around the pedestals 1s shown r,F,g 14 
The maxmnum polarlzatmn error ,I, this case 
was l 2 9’ 

Fhght checks were conducted and ,n- 
eluded polar,zat,on checks, d,stance range, 
and cone measurements Standardprocedures 
were used III the fhght checks, and only brief 
mention of the methods ~111 be g,ven here 

Three polarlzat,on checks mcludmg 
30’ wmg rock, 360” circle, and “eqht-ways- 
over-a-pomt” were conducted 3 These tests 
were made approxmately 20 ml1e.s from the 
VOR at an altitude of 1.000 feet above ground 
III a Douglas C-47 arcraft using a Collms 
51R-I receiver and a tall-mounted Type 
V-109 antenna The average errors for the 
four-loop and five-loop antennas supported 
on a counterpo,se 15 feet hxgh and 35 feet I,, 
diameter are given ,n Table I 

The effectiveness of the polarmer III 
reducing the polarlzatlon errors of the 

31btd , pp 8-9 

four-loop antenna IS lndlcated by the data in 
Table I 

The dxtance range of a VOR 1s here 
defined as the distance III statute miles from 
the VOR at which place the course width in 
degrees becomes double the course w,dth 
measured at ten m11es from the VOR The 
average distance ranges for the four- and 
five-loop antennas were 56 and 61 miles, 
respect,vely 

Cone elevat,on angle measurements 4 

were made on radial fhghts across the VOR 
by recordxng the currents of the CD1 and the 
TO-FROM lndlcator cone e1evat1on angle 
measurements for the four- and five-loop 
antennas are shown ,n Table II Recordmgs 
of the TO-FROM ,nd,cat,ons are reproduced 
1x1 Fig 15 One of the outstand,ng features 
of the four-loop antenna 1s the excellent 

4 Thomas S Wonnell. “Mountam-Top 
VOR Site Flqht Tests,” CAA Techmcal 
Development Report No 139. March 1951 

. 



Fig 6 Lme Lengths Usmg Band B Loops 

3,.....,..,,,.,.,*,, ,,,,,,,,I 

Fig 8 Voltage Standing-Wave Ratios 
Measured at Brtdge Inputs Before 
Addmg Matchmg Stubs Fig 9 Impedance Matchmg Data 
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TABLE I 

POLARIZATION ERROR FOR FOUR-LOOP AND FIVE-LOOP ANTENNAS 

Type of 
Fhght Check 

30’ wmg rock 

360’ circle 

Eight-ways- 
over-a-pant 

Four-Loop Antenna Fxve-Loop Antenna 

W lthout With W lthout With 
Polarleer POlarleer Uskon Cloth Uskon Cloth 
(degrees) (degrees) (degrees) (degrees) 

+l 6 l o 5 l o 8 *o 75 

*2 0 l o 7 *3 1 f2 10 

+I 0 4 *O 6 +3 5 l o 75 

posltlon mdication produced by the action of 
the TO-FROM meter when passmg over the 
statmn As shown m Fig 15. the action of 
the TO-FROM mdlcator when passmg over 
the VOR employmg the four-loop antenna 1s 
one smooth movement of the mdlcator from 
the TO posltlon to the FROM posltlon and 

TABLE II 

CONE ELEVATION ANGLE 
MEASUREMENTS 

Indicator Five-Loop Four-Loop 
Antenna Antenna 

0 (degrees) (degrees) 
ANTENNA asRAY ROT*TION IDEGREES) .:.~‘:;:“,“““““’ 

,Illl*AmL,s *o,A** CD1 50 0 75 
Fig IO Sideband and Carrier Horleontal 

Plane Patterns TO-FROM 49 5 66 

HASE vER6”S PHASE STANDARD 

III III I I I I I I 
-20 20 40 60 80 

I I I I I I I I I I I I I I I I I I I I I I I I 
100 120 140 160 180 *Cm 220 240 260 200 300 320 340 360 

ANTENNA ARRAY ROTATION (DEGREES) r*l II “WI., ~c”c1-11 ,_ ,“.Ly.I,Y* cw111 
!?,g 11 Bearmg-Error Curves of Four-Loop Array, Ground Check ‘* “1mL’ mm111 
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Fig 12 Polarlaataon-Error Curve of Four-Loop Ommrange Antenna, Ground Check 

provides a precise check when the arcraft 
1s dwectly over the station 

THEORY OF THE R-F BRIDGE 

In order to excite the four-loop antenna 
from three different generators, It was 
necessary to have a means of lsolatmg the 
clrcuts and of mamtammg proper phase 
relations ‘ho r-f br,dges which were made 
of RG-B/U cable were used for this purpose 
A SchematIc diagram of a bridge 1s shown in 
Fig 16 

Three arms of the bridge ll are 90’ 
in length at 115 MC. and the fourth arm 
9. 2 = -11 + 180’ at the operatmg frequency 
A length of 90’ for 1 
VSWRon the s,deband 1 

prowded the lowest 
,nes before matching 

SIdeband energy 1s supplied to the bridge at 
pant a where ,t dlvldes. and equal amounts 
v/,11 flow through ab and ad The voltages 
appearmg at b and d ~111 be equal in magm- 
tude and phase The voltages travelmg 
through bc and dc ~111 arrive 180. out of 
phase at pant c, s,nce dc 1s 180’ longer 
The resultant voltage at c ~111 be zero Smce 
a v,rtual short clrcut exists at c, no side- 
band energy ~111 flow out of the bridge at this 
pant Carrier energy 1s supplied to the 
bridge at pant c where It dlvldes. and equal 
amounts flow through cb and cd Casr1er 
voltages at b and d ~111 be equal ,n magmtude 
but 180’ out of phase This phase relatmn- 
ship 1s necessary m order that the carr,er 
loop currents ~111 be in phase The ,urnpers 
at the feed pomts of the southeast and south- 
west loops are connected for a phase reversal 
as on the five-loop array Carrier voltages 

Fig 13 D,menslons of Polarleer 

at ptmt a ~111 arrive 180’ out of phase, and 
the resultmgvoltage ~111 be zero The virtual 
short clrcut to carr,er voltage at point a 
~111 prevent energy from flowmg Into the 
s,deband Input lmes The complete diagram 
1s shown I,, F,g 2 It can be seen that corn- 
plete ,solat,on of the carr,er and sideband 
Inputs and proper phase relatmnshlps are 
accomplished through the use of the bridges 

THE DEVELOPMENT OF THE POLARIZER 

Fig 17 1s a theoretIca plot of the 30- 
cps sldeband electric field mtenslty, relative 
amplitude. and r-f phase angle at any pant 
on the vertical axis of the four-loop array 



Fig 14 Polarleatlon-Error Curve of Standard Five-Loop Ommrange Antenna, Ground Check 

Fx 16 
R-F Brrdge 

from the counterpmse level to approxmnately 
80 Inches above the counterpase Fig 1.9 
shows the sltuatmn m whuzh the counterpoise 
IS m the xy plane, the four-loop array 1s 
shown with the loops 48 mches above the 
counterpoise, and an electrxc vector (which 
1s always horizontal) 1s shown onthe vertical 
axis of the array The carrvx Input to the 
four-loop array IS zero. the gonmmeter IS 
stopped, and the two outputs of the gonlometer 
feed the 30-cps sldeband Inputs of the array. 



Fig 17 TheoretIcal Determmatmn of the 
Phase Angle and Amplitude of 
the 30-cps Sldeband Electric Vector 
Versus Posltmn on the AXIS of a 
Four-Loop Antenna 

as m normal operatmn The electric vector 
IE, shown m Fig 18. 1s of carrier frequency. 
and Its dIrectIon depends on the gomometer 
rotor pos1t,on When the gomometer 1s 
turned by hand In the normal dIrectIon, the 
electric vector will rotate clockwlse as 
shown When the gomometer 1s revolving at 
1800 revolutions per minute (rpm), the elec- 
trlc vector ~111 spin at this rate wxth the 
Z-axls as a center The electric field so 
produced consists of 30-cps sldeband energy 
with the 30-cps phase angle directly 
proportIona to the azimuth angle _ 

Placmg two short conductors, as shown 
m Fig 19, on the Z-axis ~111 cause to be 
produced across the ends of both conductors 
a potential difference which 1s proportIon. 
to the electric vector that 1s rn line with the 
conductor The potential difference has the 
same 30-cps phase angle, r-f phase angle, 
and amplitude as the electric vector 

Fig 18 AnIllustratIon ofthe 30-cpsSldeband 
Electric Vector of the Four-Loop 
Array 

Fig 19 Two Horleontal Conductors Located 
on the Axis of the Four-Loop Array 
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NOTE 
rl.RROWS INDICATE THE INST*NT*NEO”S 
DlRECTlON OF G”R1RENT FLOW 

Fig 20 The Polarizer ontheAx,s ofthe The generator voltage 1s determmed as 
Four-Loop Array 

pig 20 shows vertical extensmns added 
to the horizontal conductors These horwantal 
conductors may be consldered as generators, 
and each par of vertical extensmns may be 
consldered as a balanced transrmsslan lme 
Fig 21 illustrates this way of looking at the 
polarizer From transrmssmn-line theory, 
the current that flows through the hub is 

Eg = AE (2) 

where 

A = spacmg between diagonally opposite 
elements In Inches. 

E : electric Aeld mtenslty atthe hub Involts 
per Inch 

where 

I 
e 

= generator or hub current In amperes, 

J :I/ri 

Eg = generator voltage, voltage developed 
across the hub. In volts, 

Z. = characterlstlc unpedance of the trans- 
mIssion line formed by diagonally 
opposite elements, m ohms, 

G : 2, in degrees per mch. 

n = length of the polarizer elements m 
mches 

F’lg 21 AnEquivalent Circuit of the FUarleer 

Combmlng Equatmns (1) and (2) 

Fig 22 IS a plan view of the polarizer showmg 
the currents In the vertical elements The 
electric fields radiated by the four elements 
comblne at a distant pomt In the horizontal 
plane to give 

FV=KIAIgcos(pt-90’-$) 

where 

(4) 

FV = electric field mtenslty. vertically po- 
larleed. from the polarizer. m volts per 
Inch. 

K1 = constant, 
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P 
25 = modulatmn frequency. 30-cps, 

t = time In seconds, 

0 = azimuth angle in degrees 

Subs tltutmg Equation (3) Into Equation (4) 

2 

FV =K2ptanGncos(pt-90’ - a) (5) 
0 

where 

K2 = constant 

The corresponding expressIon for the elec- 
tnc field mtenslty radiated by the loops 1s of 
the form 

FH = K3 cos ( pt - $) (6) 

where 

FH = electric field mtenslty. horIzontally 
polarized, from the loops In volts per 
Inch. 

K3 = constant 

A comparison of Equations (5) and (6) makes 
clear that the bearmg mformatlon contamed 
In the tuo fields 1s In quadrature The cur- 
rents flowmg In the loops produce the horl- 
zontally polarized distant field FH. and the 
currents also produce a near field which 
drives currents through the polarizer The 
polarizer currents mturnproduce avertically 
polarized distant field FV 

~evert~callypalarlzed wave, normally 
radiated by the four-loop array and believed 
to be from the loop pedestals, may be ex- 
pressed by an equation similar to Equation(5). 
therefore If the variables A, ZO, n, and 
others and the field E (m which the hub 1s 
located) are properly chosen, the field of the 
polarleer may be made to cancel the field 
from the pedestals Variables A and ZO 
were determlned durmg the development of 
the polarizer Variables E and n are those 
used m adJustmg the palarlzer 

A study of Equation (5) and Figs 20 
and 21 shows that the polarizer may be oper- 
ated In another mode, Gn < 90’. provided 
that the polarizer 1s turned over (that the 
elements hang down from the hub) However, 
the hub current ~111 be seen to reverse 
Flight tests have proved that this reversed 
hub current causes the TO-FROM indicator 
to present false mdlcatlons from the time an 
alrcraft leaves an elevation angle of 80’ to 
the time one assumes an elevation angle of 
80’ on the other side of the statlon 

t-- 
$- 

0 I.[-900 

NOTE 

1, = I, SIN p1 

1,. IQ cospt 

Fig 22 Plan View of Polarizer Illustratmg 
Phase Angle and Amplitude of 
Currents 

The procedure for adJustlng the polar- 
rzer may be described by reference to Figs 
23A, B, and C where the vector (Fig 23A) 
represents the polarlzatlon error measured 
from a four-loop array wvlth the polarizer 
removed The measurement IS made by the 
use of 5” polarlscope described in another 
report 

Fig 23B shows the sltuatlon with the 
polarizer In place and set arbltrarlly The 
vector labeled “pedestals” IS taken from 
Fig 23A, the vector labeled “resultant” 1s 
measured with the polarlscope with regard 
to magmtude and angle, and the vector labeled 
“polarizer” 1s obtamed by completmg the 
vector diagram Astudy of Fig 23B mdlcates 
that, m order for the polarizer vector to 
cancel the pedestals vector. the polarzer 
vector must be rotated counterclockwise and 
lengthened Reference to Fig 17 mdlcates 
that lowermg the polarizer ~111 Lncrease the 
amplitude of the polarizer vector and de- 
crease Its negative phase angle Equation(5) 
Indicates that shortening n ~111 mcrease the 
length of the polarleer vector. Gn > 90’, 
wtthout mtroduclng a phase change The 

5 
Anderson and Law. op clt 



Fig 23 Vector Diagrams Used Durmg the 
AdJustment of the Polarizer 

polariaer vector IS brought to the favorable 
posItIon shown In Fig 23C by varymg the 
locatmn of the polarizer and the length of Its 
elements After satisfactory cancellation 1s 
obtalned. the polarleation error IS measured 
at other azimuths from the VOR m order to 
make sure that It is small at all aelmuths 
A llmlt of +l’ polarlzatmn error. as meas- 
ured by means of the polar~scope. has been 
found satisfactory This llmltatlon restricts 
the polarlzatlon error observed m arcraft 
to a negligible amount Fig 24 illustrates 
the polarlnatlon error of the four-loop VOR 
antenna measured with the polariscope at 
various frequencies with and wlthout the 
polar1ser 

The discussion so far has been con- 
fmed to the horizontal plane which contalns 
the four-loop array The field radiated by 

Fig 24 Xblarwatlon Error* Versus Frequency 

* Maximum Error Measured Throughout 360 
Rotatmn of Antenna Array 

Fig 25 TheoretIcal Vertical Plane Field 
Strength Patterns of the Polarizer 
and the Four-Loop Pedestals 

the polarizer 1s adjusted to cancel the field 
radiated by the pedestals at small elevation 
angles Smce the two sources of radlatlon 
(polarizer and pedestals) are at different 
heights above the counterpoIse. the respec- 
tive vertical plane patterns have different 
shapes Therefore, making the patterns 
comcldent at low elevation angles results In 
mequallty at high elevation angles F,g 25 
illustrates the two patterns which are ob- 
tamed when they are adjusted for cancellatmn 
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at an elevat,on angle of o” An nnprovement 
,n polarlzat,on error 1s realleed below 19 5” 
Above thxs angle. an increase ln polarlzatmn 
error 1s mdlcated Almost all of the flymg 
IS done below 10” where a marked improve- 
ment 11, polarlzatmn error 1s realized. as 
mdlcated by the second abscissa scale W,th 
the addlt,on of the polarmer to the four-loop 
antema. no deterlaratlon of cone qual,ty has 
been observed III fhght tests SatEfactory 
operation of the polarzer could not be 
accomphshed when thepolarleer was located 
below the loops 

It should be panted out that in the 
development of the polaru.er ,t was found 
necessary to have good electrical bonding 
between all surfaces 11, the antenna system, 
lncludlng the counterpoise For example. 
poor contact between the array base plate 
and the counterpoise or an opemng xn the 
counterpase may cause a large polarlzatIon 
error at some azimuths while It 1s neglqqble 
at others 

CONCLUSIONS 

The results of the flqht and ground 
tests w,d,cate that more accurate lnformatlon 
1s to be obtaIned from a VOR usx~g a four- 
loop antenna than from one using a five-loop 
antenna 

A very narrow cone above the VOR 1s 
obtalned wvlth the four-loop antenna Th,s 
narrow cone produces an eixellent posltlon 
Indlcatlon by the action of the TO-FROM 
meter when an aIrcraft 1s flying over the 
VOR 

The polarlzatlon error of the four-loop 
VOR with the polarizer 1s so small that little 
could be gamed by further reduction 

The azxnuth accuracy was found to be 
*l’ or less for a number of four-loop VOR 
lnstallatlons This 1s a measure of the 
accuracy of the antennas only and does not 
Include site errors 


